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INTRODUCTION'

In a recent editorial in Science,” Bill Wulf used a systems
ecology framework to construct a model for innovation
in the life sciences. He defined an “innovation ecology”
as the various “interrelated institutions, laws, regulations
and policies” necessary to underwrite successful
commercialization of publicly funded research through
an “infrastructure that entails education, research, tax
policy, and intellectual property protection, among
others.”” In this formulation, private intellectual
property and regulatory (IPR) rights form the linchpin
between innovative publicly funded medical research,
reduction to practice of basic research by firms and
university technology transfer offices, product approval
and marketing by government and firms as well as public
consumption of approved medical products. As such,
‘large scale’ IPR rights-intensive translational research
and technology commercialization constitute important
market push and pull levers for domestic governments
and provide the legal and regulatory basis for the drug
development cycle writ large. Even so, and as lamented
by Wulf in his editorial, a narrow “one size fits all” IPR
rights framework has the potential to stifle rather than
encourage innovation.

Casting the innovation landscape as an open complex
organic ecology rather than a closed historical linear
model of basic-to-applied research* is consistent with
newer more open-ended analytical models such as
complex adaptive systems,’ network dynamics® and
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systems dynamics.” These ‘systems’ frameworks view and
model systems as dynamic, adaptive and indeterminate
networks where the behavior of the system as a whole is
governed by the ever-changing and non-linear nature of
the connections between actors and institutions rather
than as a predictable sum of a set of linear deterministic
nodes. At the heart of the functioning of a complex
adaptive system is the number and nature of the
interactions between network nodes, which produce
novel and ever changing properties as the layers of
complexity increase. This dynamic structure-function
relationship of complex systems is nicely summed up by
the phrase “more is different.”®

One implication of a systems view of IPR rights-
intensive innovation in the medical and life sciences is
that local innovation ecologies are collapsing globally.’
This is due, among other things, to the global reach
of patent decisions of first instance such as that in
KSR International Co. v. Teleflex Inc.,'° harmonization
of regulatory processes and standards, such as those
relating to biomedical product approval, marketing
and patenting, adoption of international IPR rights-
sensitive instruments such as the WTO’s Agreement on
Trade-Related Aspects of Intellectual Property Rights
(TRIPS) and, less obvious, the convergence of national
science and technology (S&T) policies and normative
behaviors aimed at commercialization of publicly funded
medical research. Within the larger political and legal
cultures of participating nations, there is an increasing
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space being carved out for translational research and
commercialization.

Indeed many nations, including Canada, are in the
process of implementing strong IPR rights regimes
that explicitly encompass publicly funded research
efforts in order to reproduce the phenomenal success
of university technology transfer and commercialization
in the United States. This effort is hardly unique to
Canada. Not only are other jurisdictions attempting
to emulate U.S. translational research, but the United
States itself, self-reflective after 25 years of Bayh-
Dole,'" is seeking to identify new and improved ways
of commercializing public research in the context of its
public health mandate. In the context of this debate,
one hears increasingly vocal deliberation over the value
of closed IPR rights models.

PURPOSIVE POLICY

Despite the growing visibility of network!? and other
“systems” theories,? linear models of organizations and
organizational change have and continue to dominate
analyses of the behavior of individuals, groups and
institutions and to provide the benchmarks by which
both public and private ordering are gauged.'* One of
the major differences of linear and non-linear models is
the narrow range and simple nature of the assumptions
and operating conditions that characterize linear
models, including the desired outcome of maximizing
certainty and predictability. The most important
limitation of linear models is that, despite the good
intentions behind them and the accrual of knowledge
in relation to discrete silos, they often inhibit or even
prevent the very thing they seek to facilitate through
their unintended consequences. This outcome,
referred to as “policy resistance” by Sterman,' is only
just getting onto the radar of key decision-makers.
Opposition to the novel claims of systems frameworks
may have occurred due in some part to the fact that
experts are immersed (and therefore have a stake) in
their own specialties and the fear that systems work
lacks the required degree of scientific rigor in the face
of “real life” complexity. A range of potential examples
of policy resistance in the public health sphere include
clinical trial design,'® disease management,'” responses
to acute public health crises,'® as well as a host of
broader state endeavors involving policies relating to
health economics,'” innovation,?® public health?! and
drug regulation.*?
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Nevertheless, there is growing acknowledgement of
the drawback of these linear models, and the narrow
range of assumptions that underpin them, due partly
to a number of controversies surrounding therapeutic
products,® food,** food containers,” and children’s
toys?® that have been approved for marketing then later
found to be unsafe. In addition, a spate of popular books
describing the emerging importance of complexity
and networks in the realms of medicine and biology,?”
physics,?®  mathematics,?” the Internet,’® business
organizations,’! branded products,*? public policy,** and
economics** have raised the level of public discourse

The property of complexity
emanates from all actors and
evolves very slowly at the outer
diameter of the sphere of human
activity in spite of flurries of events
at progressively more internal
local scales. As such the broad
generalized rules governing
complex adaptive systems are
universal yet contextual.

on systems models considerably. Decision-makers are
coming closer to accepting that the cost of studying risk
management using novel, albeit confusing systems tools
far outweighs the costs to society of failing to understand
them.?® Tellingly, the problem of policy resistance, and
the potential of novel systems-based approaches to
answer it, has been the subject of recent editorials in
prominent journals such as Science®® and Nature.’”

As I will discuss today, a useful metaphor for a purposive
systems-based policy development process is that of
setting an Origami sculpture (representing purposive
public policy) into a river and then “letting it go” without
touching it versus letting it go then walking beside it
with the intent of making sure it neither gets caught
in various eddies and oxbows nor goes over Niagara
Falls (system collapse or breakdown?®®). In the former
scenario, control is past-oriented and the performance
of the system is seen to be at the mercy of future events
which may be either exogenous or endogenous to the
system and thus seen to be either outside or within
control of the system. By contrast, control in the
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“walking by” example is future-oriented in the context of
certain system constraints (legal-democratic, economic,
technological) and responsive to endogenous effects due
among other things to various feedback loops, stocks
and flows, time delays and non-linearities inherent to
the system. Robust adaptive planning not only allows us
to walk by our policy creations, but also helps us to be
prepared no matter which way the river turns.

The goal of my research program is to determine
how innovative therapeutic product development
and regulation, and the national S&T policies that
drive these processes, are linked and operate as part
of a complex innovation ecology. We are particularly
interested in the notion of a systems-based regulated
Therapeutic Product Lifecycle (rTPL) as it is embedded
within a larger public health discourse that in turn is
constrained by prevailing legal and democratic norms.
This presentation is intended to take a high level view
of whether newer systems models, including network
theories and complex adaptive systems theory, can be
of use as a form of “alternative intellectual property” to
policy-makers in their attempts to enhance translational
research and technology commercialization.*

THE REACH OF UNCERTAINTY

The implications of complex adaptive systems theory for
law, particularly areas of law that are strongly contingent
on science, was first recognized by J.B. Ruhl.*’ Reading
this and related work from the perspective of someone
having spent nearly 20 years at the bench*' prior to
entering legal scholarship got me thinking about the
value of systems approaches to the interface between
medical science and the law. Particularly valuable areas
of debate include the creative nature of breakthroughs in
the life sciences and how these are parsed in innovation
and litigation discourses, the methods and evidence
with which novel therapeutic products are approved
and regulated, how and why approval processes
are becoming increasingly harmonized over time
internationally, and the nature of national S&T policies
being advanced for innovation and drug regulation in
the context of globalization.

My own experience in the lab, likely little different from
that of others, underscores the inherent uncertainty
involved in “doing science.” As discussed in the context
of evidence given by expert witnesses in pharmaceutical
litigation,** this uncertainty encompasses all phases
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of experimentation no matter how planned the work
may be from a grant application or project management
perspective. A great deal of effort is required to accept
and mitigate the “voodoo” inherent in conducting highly
technical experiments and to maximize the quantitative,
measurable, and predictable elements of science. It
applies equally to the planning, conducting, trouble-
shooting, analysis and explicating of experimental
science.

The tension between objective-subjective, certainty-
uncertainty and determinism-indeterminism in
various ways of framing science and its methodologies
has particular resonance for the latest round of
government-sponsored studies having as their objective
policy recommendations aimed at enhancing domestic
productivity and prosperity via commercialization of
publicly funded life sciences research.”’ The reason is that
these studies, and the expert panels drafting the reports,
often single out biomedical and life sciences sectors as
fertile policy targets.** These targets are identified in
large part due the assumed quantitative and objective
nature of work in these fields. The ‘scientific’ nature of
the subject matter and methods in turn is seen to be
conducive to arm’s length objective measurement and
thus purposive policy-making. However, the strength of
this nexus becomes increasingly tenuous as the distance
between the experts and those who actually do and
understand the normative strengths and weaknesses of
benchwork increases. Hence the need for those who can
comfortably straddle both divides from an experiential
perspective. Happily, owing to the increasing emphasis
of multi- and inter-disciplinary research, the number
of these researchers and the reach of their work into
scholarly and political arenas are increasing.

An important question arising from this new way of
looking at public health systems is how to best handle
the increased complexity and knowledge bandwidth®
that results from global interdisciplinary studies, and
to leverage it towards a “fit” rTPL innovation ecology
in a manner that enhances national productivity and
distributive prosperity. Do we increase the bandwidth
and learn to accommodate a range of voices? Or, do we
maintain it and attempt to employ increasingly “efficient”
filters in order to identify what certain segments of the
population deem to be correct information streams
buried in a milieu of less relevant streams? In this
light, one of the more intuitively acceptable aspects of
complexity as a scientific, legal and regulatory tool is
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that its broad generalizable rules are not cast in stone.
Rather, the property of complexity emanates from all
actors and evolves very slowly at the outer diameter of
the sphere of human activity in spite of flurries of events
at progressively more internal local scales. As such the
broad generalized rules governing complex adaptive
systems*® are universal yet contextual. Like any good
legal test,”” policy,*® or indeed philosophical system,*
balance is key.

This bandwidth issue is often at play in workshops on
innovation and drug regulation, where there are many
voices and discourses typically at cross-purposes to one
another. Worse yet, not only are the voices distinct and
separate, but there is no shortage of judgment brought
to bear on those with differing views. This is often the
case when proponents of public and private rights face
off against one another in the context of public health.
One wonders however whether these groups may have
more in common than first meets the eye,’® and whether
they can be ameliorated by reframing the debate in
systems language.

The central problem, at least as I see it, is a lack of
common goals and a lack of understanding of how these
goals are part of the larger legal-political framework in
which they operate. Too few participants in the process
desire to engage in the hard work of identifying and
working through the issue of common ground, in part
because doing so requires the antecedent work of placing
the narrower innovation discourse in the context of
larger and considerably more complicated public health
and democratic discourses. There is no avoiding the
issue if we want to understand the complex processes
of invention and innovation as they inform an rTPL
innovation ecology.

INNOVATION ECOLOGY - A FIRST
STEP FORWARD

So, do systems theories have anything meaningful to
say about the tension between strong ‘closed’ IPR rights
on the one hand, and ‘open’ systems of invention and
knowledge spillover in an increasingly global product
development environment on the other? A tentative
answer is: a good deal, at least in theory. A legitimate
starting point, owing to the vigor with which most
domestic governments are pursuing the matter, is that
of innovative product development in the medical and
life sciences.
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Fig. 1. Linear model of innovation in the medical

sciences

Fig. 1 below illustrates a linear model of translational
research and technology commercialization, typical
of those used by most technology transfer offices,
governments and funding agencies. As discussed by
Stokes,’! and more recently Godin,*? the model focuses
on translation of basic to applied research. The process
begins with national S&T policies encompassing all
aspects of an rTPL ecology, including the funding and
prioritizing of medical research, the public health and
economic goals of drug regulation, and the types of
IPR rights associated with marketed products, and
the legislative means by which those legal rights are
expressed and enforced. The model continues on to
encompass relevant steps in firm product development,
regulatory approval, firm marketing of resulting
products, subsequent litigation over IPR rights, and
debates over the distribution of benefits from publicly
funded private development activities.

Each structural and functional module, while covered
by a host of related S&T policies and programs, is
nevertheless seen to be reasonably independent of the
functioning of other modules. The scheme is linear in
the sense that each of these processes has a defined
beginning and end point, including defined policy goals
and economic outputs coupled to targeted translational
research. The process is characterized by well defined
economic metrics, which are seen to be (and indeed are
modeled as) a linear function of system inputs and the
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independent functioning of the set of institutions that
supports the modules. The grist for the mill is rational
(bounded or otherwise) decision-making, which
permeates all steps in the linear process of technology
commercialization in a narrow sense and which is
deemed to connect individual self-interest to the
collective interest in the broader sense.*

The modular nature of linear models of innovation is
best exemplified by the now familiar term “silos”. By
their nature, silos are discrete, poorly connected and
relatively independent; in a word, fragmented. This
comportsin anintuitive way with the two main economic
levers used to enable innovation- law and business.
Both of these endeavors deal with commercialization
in a trade-oriented formulaic manner, largely owing to
the fact that legal and management education privilege
the related goals of certainty and predictability, though
this is beginning to change (unfortunately much less
so for law than management studies). The goal in both
trades, including how many technology transfer offices
work, is to chop up the process in order to maximize
understanding of relevant structure-function relations
and their related metrics. Recent examples pertaining
to commercialization include the emphasis on return
on investment (ROI), broad license terms and related
revenue, the number of ensuing patents and prior
art cites, and number of ensuing spin out firms. Little
attempt is made to determine the components of the
broader system relevant to effective public funding
and commercialization of medical and life sciences
research from a societal perspective. Both the ends
and the means are focused on individual modules. In
a linear framework, the highly iterative rTPL process is
acknowledged to be complicated but not complex.>*

The pedigree of linear models in public health is difficult
to trace, even within a relatively narrow innovation
ecology framework.”> Even so, it is now accepted
that analytic models of this nature arose based on the
notion that systems can be broken into constituent
and determinative parts, understood as such with no
other “value added” component (e.g., the whole is
the sum of its parts), then reassembled and put back
into motion. “Machine metaphors” of this nature have
been privileged for centuries across the spectrum of
human endeavor, particularly for organizations and
organizational systems that emphasize objectivity and
rationality.>® Despite their wide use, however, the
increase in cumulative knowledge as global borders
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Fig. 2. Systems model of an integrated rTPL innovation
ecology

dissolve®” has yielded recognition of the limits of
linear models privileging rational decision-making
and determinism, particularly where maximization of
certainty and predictability is the desired outcome of
regulated social ordering.>®

Fig. 2 represents a highly simplified system ecology view
of the same modules, but this time where the “whole is
greater than the sum of its parts”. In common usage this
phrase typically means that functioning of the system
cannot be understood from analysis of the properties
of modules per se;>® rather, operation of the system is
seen to be a function of the existence and nature of
the interrelation and interdependence of modules, be
they institutions or individual actors. In this simple
scheme, not only is each hub directly dependent on the
functioning of other hubs, but each of the modules within
individual hubs are interconnected and interrelated
to all other hubs in all other modules. The model is
extended further as each of the individuals, groups and
institutions within each of the hubs and modules are
interconnected and interrelated to all other individuals,
groups and institutions within the rTPL innovation
network.®® The totality of all actors, modules and hubs
comprises the domestic innovation network, which
in turn is connected to global innovation networks
and constrained by local and international norms and
values. The totality of all actors, modules and hubs
comprises a single local innovation network, which
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in turn is connected to other municipal, provincial,
regional, and domestic innovation networks to comprise
a global rTPL innovation ecology. The motivating force
differs substantially from that in Fig. 1 and comprises
some combination of rational decision-making plus the
sum of reactions to and/or creation of chaotic or near-
chaotic conditions and events in the form of emergent
behavior, which propagates from the lower rungs of the
organizational hierarchy upwards to shape the adaptive
learning of the system.

A critical issue for the notion of an rTPL innovation
ecologyisthatindividuals working to create new products
are largely found at the ‘front lines’ of innovation. In
a complex system these people comprise that portion
of the ecology the most immersed in and (potentially)
responsive to chaotic or near-chaotic conditions. As
we react, learn from and adapt to changing conditions,
these lessons are propagated up the organizational
hierarchy. When the system is working at or near a
state of robust criticality, dynamic movement up the
organizational hierarchy prompts further learning
and adaptive behavior whereby the system as a
whole becomes increasing able to fulfill its fitness of
purpose- here undertaking inventive and innovative
commercialization activities that help individuals and
nations prosper. Poorly adaptive systems, which neither
learn through adaptation nor achieve strong levels of
fitness, are those where individuals at the so-called
higher rungs of command and control hierarchies do
not take up and propagate the lessons of those seen to
be below them (largely for reasons of power relations).
Embedded within the model is the implicit assumption
that anything which prevents or circumvents creative
adaptation to changing conditions at the front lines,
propagation of learning up the organizational chain
or structural hierarchy, or the de novo expression of
creative output of the system per se, ultimately leads to
increasingly inefficient behavior of the system, which
can, and often does, lead to system failure or collapse.®!

Giventhatsuchadiverserange of publicand private actors
and institutions appear to be assembling themselves®
into novel forms of partnerships aimed at translational
research and commercialization, it is pertinent to begin
thinking critically about the value of new distributed
and distributive models for analyzing risk-benefit and
input-output relations, quality of life consideration and
the social determinants of health. This is a relevant and
potentially life-saving project in the context of an rTPL
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ecology operating within a public health framework;
particularly one in which health-related and economic
risks are increasingly shifted on to the public. Indeed,
using truly distributive platforms for policy development
has the potential to engage market push and pull levers
to an extent not seen before in government relations.
This is largely because government has not taken a
systems view of the problem to date, focusing instead
on the function of individual institutions and processes
and assuming that this will be sufficient both from the
perspective of individual interests but also those of the
system. This development is pertinent given the stance
of prominent government advisors favoring a systems
view of innovation linked to national productivity and
prosperity.®

Under conditions where private actors increasingly
perform government functions either directly or via
public-private partnerships,® it is reasonable to assume
complimentary encroachment by public actors and
institutions into the private spheres of profit and self-
maximization. For example, assuming revenues and
equity would be a first order approximation to those
reported by AUTM,® a single distributive remedy,
namely a compulsory government royalty on inventions
successfully commercialized using substantial public
funds,®® has the potential to put $4B and $100M back
into the coffers of public health agencies in the United
States and Canada,®” respectively. As a range of market
push and pull mechanisms are engaged at various points
in the medical product development cycle (cf. Fig. 2),
distributive remedies of this nature are systemic in
nature. Truly distributive policies and remedies operate
on the assumption, minimized in linear innovation
models, that the economy is one sphere of public life, not
vice versa. What has not been appreciated by advocates of
strong IPR rights is that by subtracting a certain fraction
of “established” rights from one side of the push-pull
equation, that the economy as a whole might ultimately
gain more via recalibrated and revitalized inputs from a
broader range of private and public actors.

MOVING FORWARD WITHOUT
STEPPING BACK

It seems reasonable to say that the question is not if
systems approaches can be useful in a public health
context, but how. As usual, the devil is in the details;
a notion further complicated by the interdisciplinary
character of complexity-based systems models.®®
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While it is still early days for an evidence-based systems
innovation policy, it is not too soon to say that one of
the major leverage points of complex adaptive systems
and other systems-based approaches is the acceptance
of uncertainty as an inherent, unavoidable and
positive force, rather than something to be restrained
and constrained. Acceptance of uncertainty has some
reasonably straightforward implications for innovation
in a public health context. The reason for this is because
the sine qua non of innovation is invention.®® Despite
its potentially recursive nature,’® invention is, at heart,
a highly serendipitous process. Even if numerous

The first step is for governments,
universities and capital sources

to accept the prominent role of
uncertainty when building models
and best practices for technology
commercialization. As correctly
observed by Sterman, “all models
are wrong.”

elements of surrounding technologies and principles
are known, including an unmet medical need, the
idea (or series of ideas) that moves the process forward
nevertheless emerges on its own accord. Invention is
highly sensitive to initial starting conditions and the
forward-looking nature of those participating in the
process. As such, it is not amenable to being strongly
quantified or controlled, especially using narrow metrics
or narrowly circumscribed IPR rights-intensive S&T
policies. Even so, there are things we can do within the
prevailing constraints of the system in order to move
things forward without losing historical advantages
gained using silo-based linear models.

The first step is for governments, universities and capital
sources to accept the prominent role of uncertainty
when building models and best practices for technology
commercialization. As correctly observed by Sterman,”
“all models are wrong.” Because of this, we must be leery
of assuming that any one test or theory of innovation is
correct and therefore that any one policy stone cast into
the pond will solve an identifiable problem. Fluctuations
and continual change are inevitable in our complex
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system of layer upon layer of human behavior with the
result that detailed predictability is simply not possible.”?
Indeed, it is this very unpredictability that often leads to
the most economically valuable inventions and scientific
discoveries. We must ask whether it is socially responsible
to build a $300M infrastructure with an expectation of
success (patents, licenses, spin outs) around something
that is by nature random and unpredictable or whether
there are other ways of stimulating invention. An
alternative might be to concentrate resources on
building new mental models of innovation that respect
systems thinking and the potentially recursive nature
of technological change, developing good filters for
identifying, hiring, retaining, putting together and
funding truly innovative personnel, and to identify and
leverage innovative ideas in an adaptive manner when
they do arise.

A related issue is one of commercialization-based
funding of basic research by local and federal funding
agencies. This is of course a topical issue. Not only have
all major federal, state and provincial funding bodies in
the United States and Canada made this a priority, but
so have their parent public health agencies with regards
to linking the approval process for drugs and biologics to
innovation and transitional research in the life sciences.”
An important point here is that almost all current
funding models are silo-driven, even though economic
diversification is often a stated goal as is stimulating
innovative breakthrough inventions (Alberta being an
excellent case in point). However, both diversification
and the extension of knowledge and its reduction to
practice in truly novels fields embrace the unknown.

You might ask: doesn’t everyone know that? Absolutely
not. To start with, contrary to established models of risk
management and commercialization-based funding,
diversification by definition means there will often
be no identified receptor targets.” This raises the issue of
how to fund commercialization-oriented research and
development efforts effectively and efficiently from a
perspective that embraces both uncertainty and risk over
the long term rather than rejecting them for perceived
short term gains. Answers to this problem will not
come easily and will necessitate new ways of thinking
through the issue of a common frame for public and
private actors in a context that embraces rather than
downplays risk. A second issue is that it will require a
hard look into the types of individuals who have the
potential to hit the desired home runs, which will
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almost certainly entail new types of searches for people
who are comfortable thinking outside the box. While
this conclusion might seem obvious, it nevertheless
runs afoul of the principle of “like attracts like”, cycling
back to the importance of leadership values and styles.
Tolerance of perceived differences and failure will be a
focal point of this debate.

As discussed by Stokes” and Arthur,’® history is
replete with examples of successful innovation driven
by (sometimes urgent) need. In each case there was
a significant concentration of divergent intellectual,
technological, administrative and financial resources
brought to bear on numerous levels of recursive
problem-solving that, and here is the key, went far
beyond established silo-based models of “invention”
and “innovation.” In each case, worries over risk were
set aside (however reluctantly) and increased financial
resources were poured into the task at hand. In each
case the vista of creative options allowed to be addressed
and grappled with by the people involved was open
and expansive rather than closed and exclusive. As
portrayed in an endless array of articles, literature,
film and other art forms, mavericks, rogues and other
personalities otherwise considered to be unfit for the
task at hand were allowed membership in the group in
order to attack a common problem — human, biological
or technological.

We must, if we are to truly stimulate invention aimed
at solving societal problems and enhancing domestic
productivity, learn from these examples and bring lessons
from them into commercialization practice. Important
here is that risk tolerance, financial expenditures, scope
of problem to be solved, and the horizon of creativity
permitted in solving that problem by the relevant
enabling institution are all interrelated in an emergent
fashion. The potentially invaluable possibility exists
that by expanding the boundaries for risk tolerance,
financial expenditure and scope of creativity in problem-
solving that the time scale for successful invention and
innovation may be decreased by a significant, if not
substantial, factor.

A related issue is the nature of communication between
universities, PIs and firms. Indeed, several recent reports
commissioned by provincial and federal governments
on difficulties faced by innovators in Canada have
pointed to the lack of firm research and development
activities. The thing that distinguishes systems and
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other network theories is that their structure-function
relation is seen to emanate from the number and nature
of interconnections between nodes. It is known, for
example, that creation of novel technologies is a function
of cumulative cultural and scientific knowledge and can
be catalyzed within appropriate networks’” or through
establishment of so-called generative relationships.”® As
such, we not only need to help identify more receptor
targets for university PIs in their commercialization
efforts but also to (re)educate firms as to the breadth

As portrayed in an endless array
of articles, literature, film and
other art forms, mavericks, rogues
and other personalities otherwise
considered to be unfit for the task
at hand were allowed membership
in the group in order to attack

a common problem - human,
biological or technological.

of potential new applications in their fields. This
expansive approach differs fundamentally from
currently accepted technology transfer, venture capital
and marketing practices. Importantly, an increase in
breadth of applications will not just be from directly
related fields. Rather, it seems prudent to expand the
horizons of firm leaders to look for applications in field
“X” from apparently diverse fields “A”, “K” and “T”, as
well as those in adjacent fields “W” and “Y”. Accepting
the reality of this notion requires accepting the reach of
uncertaintyintoall cornersoftherTPLinnovationecology.

An expansive approach to recognizing the scope of prior
art relevant to a given invention was recently taken by
the U.S. Supreme Courtin KSR.” In its reasons, the court
stipulated that persons having skill in the relevant art
were endowed with sufficient creative abilities to enable
them to look not just at explicit prior art relative to the
problem faced by the inventor (e.g., Problem “X”), but
alsoto elements of the priorart designed implicitly to solve
similar problems within the same industry (Problems
“W and Y”) or parallel problems in different industries
(Problems “A, K andT”). Opening up pipelines from firms
to the public may therefore involve opening up those
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from universities to firms, both in terms of unclogging
existing pipes (finding common languages) but also
expanding their number and diameter (increasing X —
X flow and W/Y = X flows, but also A/K/T = X flows as
well). Given the reach of IPR rights into all aspects of the
r'TPL innovation ecology, we ignore the direction of the
US Supreme Court at our peril.

An important lesson learned from empirical studies
of complex systems is that we must not gauge an
individual’s successes or failures too much by those of
others. This has obvious implications for the normative
practice of “benchmarking”. While highly constrained
local rules may for a time produce a cluster of related
events, generally speaking causation in one set of
circumstances is not likely to be causation in the next
set. This will be particularly true the more one deviates
in time and space from the local rules just mentioned.
Each problem set has different set of initial starting
conditions, different combinations of human and
capital resources, technologies and considerations
of use, and feedback loops, stocks, flows and non-
linearities unique to those combinations. Rather than
trying to narrowly reproduce the specific conditions
that gave rise to earlier successes, effort may be better
spent on identifying the unique aspects of the starting
conditions, hiring massively creative people and
allowing them the freedom to operate, funding them
in the context of risk tolerance, keeping the linkages as
open as possible, and refraining from over-regulating
or otherwise suffocating them (including allowing for
smooth transduction of adaptation from lower to higher
rungs of the organizational hierarchy). This will permit
as much emergent behavior as possible to occur within
local innovation ecologies. The trick is to encourage
innovation within narrow frames of identifiable
problems but also to understand that, because novel
technologies are made of building blocks of previous and
future elements, long-term national success depends on
setting up the system of invention to produce as many
useful and creative building blocks as possible for future
participants in the invention-innovation process.

At the other end of the invention-marketing spectrum
we have the issue of narrowly circumscribed and over-
regulation by local and national governments. As
discussed in detail elsewhere,® an ironic outcome of
closed legal and regulatory schemes is that they may
stifle the very thing they seek to facilitate. Inventive
translational research is known to be dependent on

I C

open systems of knowledge sharing and tacit and
focal knowledge, which represents a point of obvious
tension in the context of an innovation system which
privileges closed IPR rights. For example, product
development in the pharmaceutical (and increasingly
biotechnology) sector is dependent on strong IPR rights.
Yet, linkage regulations tying patent protection to drug
approval have created a narrow “escape” pathway for
market entry which privileges low-level line-extension
products. While regulatory rights under TRIPS were well
intended to help provide extended market exclusivity
to drug products given long regulatory approval times,
they only compound the problem for obvious reasons.

The trick is to encourage innovation
within narrow frames of identifiable
problems but also to understand
that, because novel technologies
are made of building blocks of
previous and future elements, long-
term national success depends on
setting up the system of invention

to produce as many useful and
creative building blocks as possible.

As discussed by Arthur in the context of “lock-in” and
increasing returns, once the decision has been made to
exploit a new niche (such as that created by strong IPR
rights), industry leaders have substantial incentives to
support maintenance of the regime. More importantly,
they become increasingly locked in to the unintended
consequences of the loophole as opposed to exploring
other potentially more innovative paths.®! A similar
problem hasbeenrecognized in studies of complex political
systems, where “yardsticks” designed to measure progress
tend to reorient actors’ behavior narrowly towards
fulfillment of the yardsticks.®> There is no question that
the cultivation and then leveraging by multinationals of
strong IPR rights for biomedical inventions constitutes a
superb form of innovation. The question is however: is it
one that society wants to keep funding?

As debated in the workshop, an innovation system that
respects the boundaries and constraints of a complex
adaptive system may precipitate a move towards
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some mix of conventional IPR rights and open source.
This may allow ‘blue sky’ and upstream research to
continue to feed into the commons to inspire further
research and to be reduced to practice by firms. In
theory, a move towards a hybrid system may present
a valuable opportunity to traverse the difficult border
of stimulating and rewarding those responsible for
true breakthrough inventions while inhibiting or at
least providing partial disincentives for “investment by
portfolio” strategies® that privilege less socially desirable
forms of innovation.

However, it is not yet clear what technological or
economic advantages an open source or hybrid open
source-closed IPR rights regime would offer if it is
predicated on the acquisition of traditional strong
IPR rights. A graded regulatory rights scheme such
as that described by Eisenberg here and elsewhere,*
balanced by policies targeted specifically at reducing the
conflict of interest involved in drug development and
regulation and egalitarian distribution of the benefits of
a public health system, may be particularly useful for
biomedical inventions owing to long approval times and
comparatively shorter patent lifetimes.

Finally, under conditions where government continues
to push the supply side and to move in the direction of
public-private partnerships in funding and prioritizing
research, product approval and product marketing, then
it should accept that the public needs to understand
and partake in the distribution of benefits to an
extent greater than currently on offer. As argued in
the context of complex equality®® and complex social
ordering,® the market is one zone of democratic society,
not the whole of it. Therefore, to the degree that we
allow private actors to encroach on historic public and
government functions,®” the principle of balance, if
not that of distributive fitness, requires complimentary
encroachment by public actors and institutions into the
traditional private spheres of bargaining, profit and self-
maximization. Extending complexity theory to its logical
conclusion, we might argue that the fitness, or desired
goal, of an rTPL innovation ecology is the production of
safe and efficacious therapeutic products in a manner
that is constrained by prevailing legal and democratic
norms. In this regard, movement by some technology
transfer offices®® and industry associations® towards
trying to identify and measure the social benefits of
translational research and commercialization is a step in
the right direction.
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rTPL SUBSYSTEMS

Despite difficulties in figuring out how to best move
forward with some type of a a hybrid closed-open IPR
rights regime, it seems reasonable to say that our current
system of innovation, while it has had successes in time
and space, is currently presenting just as many roadblocks
as stimuli in the broader biomedical community.
An analogous conclusion applies to the legal regime
underpinning drug approval and regulation. Happily, as
discussed earlier, domestic drug approval agencies are
currently undergoing considerable evolution in order to
become more responsive to future contextual challenges.
By contrast, privileging strong IPR rights appears to be
making the innovation system less and less responsive
to environmental challenges. In this context, a “one size
fits all” IPR rights regime may be too much of a blunt
instrument to maximize the ability of different industries
to respond to different market push and pull demands.
Indeed, this issue led Wulf to invoke the concept of an
open innovation ecology in the first place.”

In this light, one might say the two rTPL subsystems
of drug regulation and innovative medical product
development occupy different positions in a regulated
space characterized by punctuated equilibrium.”® The
evolution of numerous domestic drug agencies towards
a back-loaded life-cycle approach to drug regulation
suggests that the “avalanche” of events characterizing
movement into a robust state of criticality has already
begun.??> Here, the emphasis is not on explicating or even
rendering adaptive policy. Rather, it is on doing our best
to manage the potential benefits and harms to human
health by being vigilant, displaying strong leadership and
commitment to first principles and allowing the system
to be as adaptive as possible. By contrast, the innovation
subsystem is well behind in that we are aggressively
trying to initiate a phase transition in order to bring
innovation in the life sciences into a state of robust
criticality. It is plausible that the longer we privilege a
closed IPR rights regime that rejects risk, difference and
uncertainty in favour of safe short term gains the longer
we will wait for our phase transition in this sphere.

FINAL NOTE

Our research group is just at the beginning stages of
determining whether the distributed nature of complex
adaptive systems has practical relevance for a distributive
legal analysis of a regulated therapeutic product lifecycle,
or rTPL. Hence, the caution in putting forward targeted
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recommendations for technology transfer practice at
this time. Obviously, a rigorous theory and methodology
must be developed in order to empirically test the utility
of systems models for innovation and drug regulation.
While, “false theories” have some utility in the context
of untested assumptions that are valid for a so-called
high level policy debate,”® one nevertheless desires to
take this more than a small step forward into developing
truly pragmatic models. The hope is that these models
will enable us to be more responsive to environmental
challenges and stimulate innovative medical research
while ensuring the products of that research are
enjoyed equally by all members of the public. Until
then, applications of systems paradigms to the topic at
hand are speculative: interestingly so, but speculative
nonetheless.
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