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The Problem

• Drugs for rare diseases are increasingly available in 
Canada

• Treated patients do not experience the same 
outcomes
• Some patients have an extraordinary response
• Some patients derive marginal benefits
• Some patients experience serious harm

• Effective policy requires an understanding of what 
is possible to achieve but also what can go wrong.  
These two groups of patients define the Goal Posts 
of any drug policy
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National Strategy

• National Strategy for Rare Diseases issued by 
Health Canada in March 2023

o Improve access to new and emerging rare disease drugs
o Establishing a robust Canadian rare disease clinical trials 

network
oHelp provinces and territories fund the cost rare disease 

drugs
o Support early diagnoses and screening for rare disease
o Improve collection and use of evidence to support 

decision-making
o Strengthen investments in critical research and 

innovation in rare diseases
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Project Aims
1. Identify extraordinary responders and non-responders to rare disease drugs and 

collect DNA for genomic analysis

2. Identify patients who suffer specific serious drug-induced harms from rare 
disease drugs and those who do not suffer these harms, collect DNA

3. Conduct genomic analyses to discover predictive biomarkers strongly associated 
with these these outcomes

4. Use cell and animal models to validate significant genomic findings to 
understand the underlying mechanistic basis of these outcomes

5. Exploit findings to improve drug effectiveness across a broader range of 
patients and protect patients from drug-induced harms
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Feasibility – Patient Recruitment

• 10 academic health 
centres across Canada
• Investigators in the USA, 

Africa, Europe and the UK
• Many collaborating 

organizations

Active Surveillance 
Sites
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When Good Drugs Cause Harm

• A previously healthy 10-year-old child presented with neuroblastoma 
to B.C. Children’s Hospital

• Began doxorubicin chemotherapy 

• Prior to last cycle of treatment, child became unwell during a routine 
CT scan at BC Children’s Hospital

Intubated and rushed to ICU
Developed serious cardiac dysfunction, virtually no cardiac output
Child placed on extracorporeal membrane oxygenation (ECMO)    (heart-lung 
machine) 
Child received a heart transplant
First transplanted heart rejected
Child received a second heart transplant

• Child is currently cancer remission
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Project Team – Areas of Research

Health Law & Policy
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Rare Diseases

Biology
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• Extraordinary response:  what makes this possible?
• Convey this benefit to more patients

• Serious harm:  why does this happen?
• Predict and prevent in future treated patients

• Rare disease drug policy needs Goal Posts for policy 
development that will allow health policy to be 
derived that conveys the most benefit to patients

• Alleviate financial burdens by better understanding 
in whom the drugs work best (optimal to treat) or 
cause harm (avoid treatment)

Novelty of Approach
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Priority Rare Disease Drugs
Drug or 

Drug Class Rare Disease Outcome of 
Interest

Estimated # (%) of Children in Canada
Extraordinary 
Responders

Non-
responders Serious Harm

Anthracyclines Pediatric Cancer Heart Failure Not applicable Not applicable 49 (5%)

Elexacaftor/
Tezacaftor/
Ivacaftor 

Cystic Fibrosis Extraordinary 
Response

200 (5%) 180 (4.5%) Not applicable

Rituximab 
Dermatomyositis
Vasculitis, SLE

Persistent 
Hypogammaglobulinemia

Not applicable Not applicable 19 (20%)

Bisphosphonates
Chronic Recurrent 
Multifocal 
Osteomyelitis 

Extraordinary 
Response

160 (40%) 80 (20%) Not applicable

Agalsidase beta
Migalastat Fabry’s disease Extraordinary 

Response
*** (**%)
110 (22%)

120 (24%)
295 (59%) Not applicable



April 1, 2004

Chung et al (2004) 
• Identified a genetic variant HLA-B*1502 

associated with Stevens-Johnson syndrome

• Odds Ratio: >2,500

• Discovered initially with only 44 patients

• Allele frequency : 5-20% in South East Asian 
populations

HLA-B*15:02 association with Carbamazepine-induced SJS

SJS is rare – 
Annual incidence: 0.4 - 2 cases/million in Europe  
2 - 8 cases/million in Asia



In the condition of clinical matched controls / population controls

In a variety of adverse event prevalence scenarios, only 9 to 47 cases are required to obtain 80% 
power and a significant P-value of 1x10-7 when performing clinical matched control 

comparisons.



Assumptions –  
Case-to-control ratio: 1:10 
Significant GWAS P-value: 5x10-8; Additive genetic model

Serious Drug-induced Harm Sample Sizes



Extraordinary Responders and
 Nonresponders Sample Sizes

Assumptions –  
Case-to-control ratio: 1:2 
Significant GWAS P-value: 5x10-8; additive genetic model



Assumptions –  
Case-to-control ratio: 1:2 
Significant GWAS P-value: 5x10-8; additive genetic model

Extraordinary Responders and
 Nonresponder Sample Sizes



Endorsed By

• David Lee, Chief Regulatory Officer, Health Canada

• Nicole Mittman, Vice President, Canadian Agency for Drugs and 
Technologies in Health

• Andrew Taylor, Senior Policy Advisor, Strategic Policy Branch, 
Health Canada

• Michelle Boudreau, Executive Director, Strategic Policy Branch, 
Health Canada

• Durhane Wong-Rieger, President and CEO, Canadian Organization 
for Rare Disorders
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Stanford
(Poole, 

Bernstein)

Mexico
(Casteneda,

Rivas, 
Medeiros, 

ADR 
Surveillance)

Indiana University
(Renbarger, 
Vincristine)

U Chicago
(Dolan)

S Illinois U
(Rybak)

Baylor & Texas 
Children’s

(Berg)

Kansas City
(Leeder)

(Neville, Warfarin)

CPNDS Collaborations
CPNDS Planned/Potential Collaborations

Brazil
(Galvoa)

South Africa 
(Cristina Stefan)

African 
Populations
(S. Tishkoff)

Zimbabwe 
(Collen 
Masimirembwa)

Tanzania 
(Julie Makani)

Ethiopia 
(Beleke Endashaw)

New Zealand 
(Oncology, 
M.Sullivan, 
Winstanley)

China 
(Oncology, SJS)

Singapore
(Oncology, 

Population PGx 
Diversity)

Hungary (Oncology, D. Erdelyi)
Germany (SJS, Mackenhaupt)

The Netherlands
(Anthracyclines, Kremer, Caron)

Ireland 
(SJS)

UK
(SJS, Pirmohamed)

(ADRIC study)

Uganda
(J. Mukonzo)

Switzerland 
(Amstutz)

Taiwan 
(Chung, SJS)

International Collaborations



Contact/Questions
 
Dr. Bruce Carleton, FCP, FISPE
Professor and Chair, Div of Translational Therapeutics, 
Department of Pediatrics 
Faculty of Medicine
University of British Columbia

bcarleton@popi.ubc.ca

mailto:bcarleton@popi.ubc.ca
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Project Deliverables

1. Understand clinical, genomic and psychosocial 
differences between patients for five priority rare 
disease drugs.

2. Develop predictive tools to improve drug safety, 
effectiveness and quality of life for up to five priority 
rare disease drugs.

3. Create a mechanism and framework to assess, 
respond and solve complex problems associated with 
rare disease therapy and facilitate decision-making 
for patients, clinicians and health 
regulators/authorities.  

4. Establish a databank of clinical, genomic and 
environmental data to catalyze global research of 
rare disease therapy



Benefits to End Users
• Patients

o Individualized drug therapy delivered via predictive 
pharmacogenetic testing to enhance effectiveness and 
prevent harm

• Clinicians
o Individualized drug benefit-risk assessment for their 

patients
• Regulators

o Interdisciplinary framework to delineate Goal Posts for 
drug policy of rare disease drugs

• Drug Plans
oCost effective health spending that conveys the most 

benefit to patients 



Benefits to Canada & World

• Reduce health care costs associated with rare 
disease drug-induced harm and non-response
• Exploit scientific understanding of “extraordinary 

responders” to enhance rare disease drug 
effectiveness
• Place Canada as a world leader in precision 

medicine for rare disease therapy
• International resource for researchers and 

stakeholders for rare disease drug biomarker 
discovery, validation and innovation
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SLC28A3 Protective Against 
Anthracycline-Induced Cardiotoxicity
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