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PHARMACEUTICAL R&D PRODUCTIVITY IS DECLINING

Trends in capitalized costs per approved drug
Source: DiMasi et al. 2016

• >$2.5B in private sector R&D costs per approved new drug

• # new drugs approved per $1B halved every 9 years since 1950s

• clinical attrition rates



DRUG TARGET RESEARCH IS RISK AVERSE

• Even proteins that have been directly linked to disease 
are not being studied



SILOED PROPRIETARY DEVELOPMENT LEADS TO REDUNDANCY

Examples of failed parallel late-stage clinical programs: NK1 receptor antagonists for analgesia; matrix 
metalloproteases and farnesyltransferase inhibitors for cancer; cholesterol ester transfer protein for CVD; 
beta-amyloid for AD; aurora kinase inhibitors for breast cancer



NEW MEDICINES ARE EXORBITANTLY EXPENSIVE

• Launches at $100,000’s per patient per year the new normal
– Kalydeco® (Ivacaftor); Orkambi® (Lumacaftor/Ivacaftor) for genetic subsets of CF ->$300K/year
– Rare disease drugs now launching at almost $1M/year in some cases
– Targeted cancer therapies – mAbs, kinase inhibitors $$$
– Glybera example (gene therapy for lipoprotein lipase disorder developed at UBC) - $1M for one dose

• Price of Canada’s top-selling patented drugs >800% in past 10 years 
(PMPRB report)

• Trends exacerbating pricing:
– Increasing development costs, costs of failure, and clinical attrition - YES
– BUT ALSO: patient population sizes getting smaller with better genetic characterization

• Sustainability for public and private payers?
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WHAT IS OPEN SCIENCE?

• Open results and data dissemination
– Open access publication
– Data repositories
– Pre-prints
– Open lab notebooks

• Materials and reagents made accessible to the research 
community

• No patents on research outputs 



BENEFITS OF OPEN SCIENCE VS. RESEARCH SILOS
• Minimizes barriers to collaboration: transaction costs, delays, impediments to 

knowledge flow
• Encourages formation of knowledge networks that bring together different 

expertise, resources, and sources of funds
• Reduces research redundancy and enables investigation of more avenues for the 

same $$$
• Creates public commons of knowledge and materials as inputs to downstream 

innovation and commercialization
• Generates freedom to operate
• Improves reproducibility and public trust in science through transparency
• Enables secondary analysis, meta-analysis, and new hypothesis generation
• Normatively attractive to granting bodies, philanthropy, scientists, and patients

Bottom line: open science can overcome research bottlenecks and de-risk 
subsequent drug development more efficiently than proprietary research silos
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THE SGC: AN OPEN SCIENCE DRUG DISCOVERY PPP
• Founded in 2003, the SGC comprises ~300 research scientists operating out of labs at Universities of Oxford, Toronto, North 

Carolina, the Karolinska Institute, the Montreal Neurological Institute, Frankfurt and Campinas
• Total of ~$400M in investment/funding since 2003 – half from industry, the remainder from governments (e.g. Ontario), disease 

foundations and charities (Wellcome Trust, Gates Foundation)
• Pre-competitive drug discovery network includes

Ø Medicinal chemistry teams from 10 big-pharma partners
Ø Technology and reagent providers
Ø Disease-foundations (ALS, Huntington’s, other rare diseases)
Ø Academics and clinician-scientists from major hospitals in Canada and UK 

• Public Domain Outputs = target enabling reagents for understudied proteins of therapeutic interest:
Ø Purified proteins
Ø Protein structures
Ø Chemical probes
Ø Antibodies
Ø Screening assay methodology
Ø Disease tissue cell lines

• No-patent policy applies to all SGC scientists and collaborators



SGC TIME LINE

Target Enabling packages

Merck KGaA

Chemogenomics reagents, M4x
The more open science projects SGC undertakes,
the more companies have joined us



SGC SUCCESS STORY: BET INHIBITORS
• Epigenetic protein target: BRD4

– Structure solved and deposited into PDB

• JQ1 chemical probe
– Potent and selective chemical probe discovered and 

made publicly available through open SGC-GSK-
Dana Farber collaboration

• Significant increases in downstream 
publication and patenting
– Large number of companies, including SGC 

members, with downstream proprietary chemistry –
85 distinct patent families

• >40 clinical programs ongoing
– Various cancers
– Dyslipidemia, CAD, diabetes

Source: Arshad et al. 2016



SGC SUCCESS STORY: WDR5
• Epigenetic protein target

– Structure solved by SGC and openly deposited into PDB

• OICR-9429 chemical probe
– Potent and selective chemical probe discovered and made publicly 

available through open SGC-OICR collaboration

• Disease linkage established by research community
– WDR5 linked to various cancers (ALL, AML, solid tumours) using 

these public domain resources => therapeutic hypothesis and 
business case for investment

• Propellon Therapeutics
– OICR team poised to act quickly re: expertise acquired through OS
– Downstream proprietary chemistry spun-out from through FACIT
– Celgene $1B+ deal announced Feb 2019



FURTHER CHALLENGES
• Affordability of new drugs to novel targets enabled by SGC

• Laudable to enable discovery of new first in class medicines, but model does not address pricing
• Still have parallel, proprietary downstream development to achieve proof of concept in humans

• Insufficient de-risking of novel targets for business viability
• Therapeutic categories with high failure rates or small potential markets
• E.g. Neurodegeneration, AMR pathogens, tropical diseases, pediatric diseases, personalized medicines?

• Hypotheses: 
• ‘open science’ can be used to reduce the cost and risk of drug development and make 

small market drug development viable at affordable pricing
• Alternative non-dilutive capital: foundations, public grants, corporate donations
• Leverage in-kind scientific contributions from motivated academics, clinicians, and CROs

• If discovery and development costs reduced -> sustainable pricing can be lower
• Alternative IP assets (regulatory data and market exclusivities, priority review 

vouchers) can attract industry partners to take-up de-risked asset through 
registration, manufacturing, and distribution



Hypothetical Rare Disease Drug Investment Model – Base Case

Based on model by Eric Minikel, CureFFI.org

Year

Patent Term



Investor Considers Discount Factor and Probability of Failure

Source: Eric Minikel, CureFFI.org



Base Case - Adjusted Analysis

High Nominal Profit ($306,500,000)

BUT

Negative NPV (-$13,675,046)

Why?

• High upfront R&D costs

• Long lag time to revenues

• Increasing probability of failure at 
each stage

Year

$$

Patent Term



What encourages early-stage private investment?  Higher prices! 

Year
Year

OS to decrease 
costs, lag time, and 

failure risk

$$

Patent Term



Open Science for Development of Affordable Drugs

Exclusivity 
Extension

Data Exclusivity

Year

Phase



Effect of Extended Data Exclusivity for OS?
Attract Earlier Investment …

Extended Data Exclusivity

Year

Phase



… OR … Enable Negotiation of Further Pricing Concessions!

Extended Data Exclusivity

$$

Phase

Year
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M4K PHARMA

• Virtual company formed to coordinate public and philanthropic investments and contributions to develop 
affordable medicines for rare childhood cancers

• Wholly-owned by a Canadian charity called the Agora Open Science Trust whose mission is to develop 
affordable medicines through open science

– Unlike Cystic Fibrosis Foundation, Agora will retain full control to ensure implementation of affordability

• M4K using ‘open science’ to accelerate clinical proof of concept for first-in-class pediatric medicines
– No patents; chemistry and biology openly disclosed to create freedom to operate and crowdsource contributions
– Open monthly scientific update meetings – https://m4kpharma.com/blog/
– Data in open lab notebooks and on zenodo.org

• Regulatory data will be released under terms that preserve exclusive regulatory use for M4K but enable 
broad research use by anyone 

• Pursuing marketing authorizations and regulatory exclusivity protections to generate de-risked business 
assets for late stage licensing to pharmaceutical partners

– De-risked, late stage asset          M4K to negotiate licenses with affordability provisions, driven by Agora’s mission

Open Science for Children’s Health

https://m4kpharma.com/blog/


M4K PHARMA INC.
Normal Biotech M4K Pharma

Ownership Public or Private Shareholders 
(return on investment)

Agora: dedicated to Open Science and the 
Public Good (i.e. affordable medicines)

Assets (moat) Patents, licence contracts, 
regulatory exclusivity rights 

Patents, licence contracts, regulatory 
exclusivity rights 

Funding Sources VCs, equity markets, internal 
cash flow, grants, 
foundations 

VCs, equity markets, internal cash flow,
grants, foundations, philanthropy => 
non-dilutive

Patent Strategy Very protective of intellectual 
property. Patent early(ish). 
Key capital.

Uncomfortably open! Open webinars; open 
lab notebooks.
Retaining regulatory filing rights



M4K PHARMA INC.
• First program: ALK2 inhibitor to treat Diffuse 

Intrinsic Pontine Glioma (DIPG)
– Enabling open work by SGC on ALK2 protein structure, chemical probe, 

link to DIPG

• $2.5M in seed grant funding
– OICR Cancer Therapeutics Innovation Pipeline (CTIP)
– Brain Tumour Charity

• Multi-institutional collaboration
– OICR, SGC Oxford, Charles River Labs, Reaction Biology
– Clinical collaborators in Canada and UK 

• Contract research organizations donating FTEs 
and resources

– Charles River Labs, Reaction Biology

• Many others providing knowledge and in-kind 
contributions

– Boehringer Ingelheim; UPenn; Tufts; University of Houston; DIPG 
Innovation Project at Children’s National Health System

– CONNECT network (Collaborative Network for Neuro-oncology Clinical 
Trials) letter of support re: phase I and II clinical trials and regulatory 
support

A Diffuse Intrinsic Pontine Glioma-Driving ACVR1 
(ALK2) Mutation Causes Oligodendroglial Lineage 
Cell Expansion and Differentiation Arrest

Jerome Fortin1*, Ruxiao Tian1, Ida Zarrabi1, 
Graham Hill1, Eleanor Williams2, Gonzalo Sanchez-
Duffhues3, 3 Midory Thorikay3, Parameswaran 
Ramachandran1, Robert Siddaway4, Jong Fu 
Wong2, Jillian Haight1, 4 Annick You-Ten1, Bryan 
Snow1, Andrew Wakeham1, Daniel Schramek5,6, 
Alex N Bullock2, Peter ten Dijke3, 5 Cynthia 
Hawkins4,7,8 and Tak W Mak1* 



ALK2 PROJECT FLOWCHART



M4K2009 – AN EARLY LEAD

• Good brain exposure as well



REGULATORY EXCLUSIVITY VS. PATENTS



REGULATORY EXCLUSIVITY VS. PATENTS

Regulatory exclusivities:
• Like patents, shield a product from generic competition
• Consistent with open science:

– Are not invalidated by prior disclosure/open sharing/collaboration
• Virtually costless to obtain and enforce
• Not subject to challenge by competitors
• Provide a period of market protection that is certain ex ante

Orphan Drug Act >  rare disease innovation with new exclusivity protection but no 
effect on patents

Many NCEs approved by FDA with exclusivity protection but no patents after Hatch-
Waxman Act

Trade negotiators and pharma lobby spend much time pursuing expanded data 
protection laws in other jurisdictions



Examples of New Drugs with Exclusivity But No Patent



M4K REGULATORY STRATEGY

• Approval for DIPG Indication
• Canada

• 6+2 Data and Market Exclusivity period for Innovative Drug (NCE) approval
• Pediatric Extension for submission of pediatric trials to Health Canada

• United States
• Orphan Drug (OD) Exclusivity
• Concurrent New Chemical Entity (NCE) Exclusivity
• Pediatric Extension of OD and NCE depends on FDA Written Request process
• Rare Pediatric Disease Priority Review Voucher

• EU
• Orphan Drug Exclusivity + Pediatric Extension for compliance with EMA Pediatric Investigation Plan (PIP)
• Concurrent 8+2 Data and Market Exclusivity period for NCE

• Japan
• Post-Marketing Surveillance period = prohibition on generic submissions



Wellcome Open Research Publication – Dec 2018



Agora Open Science Trust (Canadian Charity)
SGC

Agora Open Science 
Trust

Drug Discovery Enabling Services

M4K Pharma 
Inc.

M4ND 
Pharma Inc.

M4ID Pharma 
Inc.

M4?? Pharma 
Inc.

YCharOS
Inc. ??

OPEN 
SCIENCE

Open Data 
Infrastructure

Policy & 
Government 

Relations
Grant Writing 
& Fundraising

Legal & 
Regulatory 

Support
CommunicationsAdmin 

Support



A Canadian Genes to Affordable Meds OS Ecosystem 1

NRC? KI?

Antibody Generation Sites

UofT

McGill

UBC

SGC Target 
Studies Sites

Open Science Collaboration

Medicinal Chemistry Sites

CDRD OICR

IRICoR

$$$$$
Pharma, GoC (e.g. SIF), Provinces, Philanthropy

OS COLLABORATORS &
SCIENTIFIC COMMUNITY

Crowdsourced Biology 
Studies

Open Chemical and 
Antibody Probes

Validated Therapeutic 
Hypotheses

PROPRIETARY ASSET 
CREATION & SPIN-OUT

E.g. JQ1, WDR5

OPEN DRUG 
DEVELOPMENT

E.g. M4K, M4ND

Targeted
Downstream 

Drug 
Development



Profits

Income
(Royalties, sales, PRVs, service fees)

M4K Pharma Inc. M4ND Pharma Inc.

M4ID Pharma Inc. YCharOS Inc.

Subsidiary Companies

Agora Open Science Trust 

AFFORDABLE 
MEDICINES

OPEN SCIENCE
OPEN WEB MEETINGS
OPEN LAB NOTEBOOKS

OPEN DATA
OPEN REAGENTS

PRE-PRINTS
OPEN PUBLICATION

Reagents
Knowledge

Results & DataNon-Dilutive 
Funding

Industry 
Sponsorship

SME Grants

Industrial 
Assistance 
Programs

Grants and 
Donations

Government 
R&D Grants

Foundations

Patient Groups

Individual 
Donors

Research $$

In-Kind $$

Research $$

CHARITABLE 
PROGRAMS & 

GRANTS
FUTURE OPEN SCIENCE 

INITIATIVES
Universities & 

Research 
Institutes

Hospitals

CROs

Pharma & 
Biotech

Open 
Collaborators

SGC

Therapeutic Leads Therapeutic 
Leads

A Canadian Genes to Affordable Meds Ecosystem 2 –
Open Drug Development Pathway



M4ND Pharma

• Company incorporated as wholly-owned sub of Agora
• First structure-enabled small molecule discovery programs:

– Allosteric parkin activator for Parkinson’s Disease 
• key discovery of potential allosteric site at Montreal Neurological Institute

– Inhibitor of WDR41 for ALS and FTD?
• C9ORF72 mutation most common genetic abnormality in ALS and FTD
• Complexes with WDR41 (druggability of WDR family established by SGC) 

• Grant funding:
– $1.5M from the Krembil Foundation to run and evaluate the 

success of M4ND’s open science model in neurodegeneration
– $200K from the Michael J. Fox Foundation for the Parkin project 



Future M4X Opportunities

• Disease represents a significant unmet therapeutic need

• Strong therapeutic hypothesis for a novel target but the 
disease does not fit historical pharma business models

• Initial technology is derived from the expertise of one of 
our existing, or future, collaboration partners
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OTHER ECONOMIC BENEFITS OF OPEN SCIENCE

• Attracts firms > local knowledge hub formation
– Gain access to tacit knowledge/know-how and talent/expertise
– Influence research priorities
– Reduce internal research costs / solve problems common to an industry / share risk
– Generate freedom to operate
– Showcase assets or services

• Local skills acquisition
– Talent and information flow between academia and industry
– Improves training and creates a local skilled workforce

• Participants spot further commercial opportunities; some start local companies
– Epiphyte3 – lab equipment for protein expression and analysis
– 1DegreeBio – antibody and reagent search engine and marketplace 
– Sprint Biosciences – fragment screening
– Crelux – protein-compound co-crystallization
– Custom Biologics – protein production
– Promega – reagents
– Reaction Biology – assays
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POLICY RECOMMENDATIONS
• Translational Funding Opportunities for Open Drug Discovery (‘Push’ 

Mechanisms) 
– Public support for open consortia to generate drug discovery enabling tools
– Public translational funding programs should support open science drug discovery businesses
– Public funding of open trials for clinical proof of concept 

• Enabling Digital Infrastructure for Open Science Projects
– E.g. open drug development data repository

• Voluntary Business Incentives for Open Drug Development (‘Pull’ 
Mechanisms)
– ‘Open science” regulatory exclusivity extension 

• Quid pro quos: (1) open data, (2) no patents, (3) affordable pricing 
– Pre-approval protection for publicly available regulatory data

• Time-limited to incentivize diligent pursuit of product registration
– Regulator support – e.g. fast-track designation, priority review for ‘open science’ programs
– Tax incentives?



Contact

Max Morgan, JD, LLM
SGC Director of Policy & Legal
Agora CEO

max.morgan@mail.utoronto.ca
www.thesgc.org
www.agoraopensciencetrust.org

FUNDING PARTNERS
The SGC is a registered charity (number 1097737) that receives funds from AbbVie, Bayer Pharma AG, Boehringer Ingelheim, 
Canada Foundation for Innovation, Eshelman Institute for Innovation, Genome Canada through Ontario Genomics Institute [OGI-
055], Innovative Medicines Initiative (EU/EFPIA) [ULTRA-DD grant no. 115766], Janssen, Merck KGaA, Darmstadt, Germany, MSD, 
Novartis Pharma AG, Ontario Ministry of Research, Innovation and Science (MRIS), Pfizer, São Paulo Research Foundation-FAPESP, 
Takeda, and Wellcome [106169/ZZ14/Z].

http://www.thesgc.org/

