








GRAND CHALLENGE 5

Surviving & Thriving

Reducing the lifelong impact of childhood cancers by advancing precision therapies today and developing new treatments for tomorrow.

This grand challenge aims to improve outcomes for children and adolescents
with cancer by understanding the cellular and molecular basis for childhood
cancer initiation and progression; matching potential treatments to patients

using a precision molecular approach; innovating and testing new immune-

based therapies; and measuring comprehensive cancer outcomes.

Key areas of investigation

Understanding the cellular and molecular
basis of childhood cancer. Modern molecular
profiling has revealed that childhood cancers
frequently harbor DNA, RNA, and protein alterations
distinct from alterations seen in adult cancers.
Although the cataloguing of such differences is useful
for classification, diagnosis, and prognostication,
there is still a fundamental gap in our knowledge of
what alterations do to drive cancer growth. In this
area, we aim to understand the abnormal functions
of cancer genes to determine which changes
constitute new targets for therapy. We will also
examine how multiple abnormalities work together
within the cancer cells and how they influence
neighboring cells (blood vessels and stromal cells),
as well as inflammatory cells to sustain the cancer
microenvironment.

Tailoring cancer therapy: The right
treatments for the right patients. Cancer
therapy involves a range of treatment modalities —
from surgery to radiation to cytotoxic chemotherapy
to targeted small molecules to cellular therapy.
Currently, treatment is assigned according to broad
disease types, with some cancers responding and
others not. We seek to identify the alterations in
childhood cancers that constitute novel targets. Our
goal is also to determine whether matching certain
drugs or drug combinations to cancers that carry
specific molecular profiles can improve responses and
decrease adverse effects for children.



Developing and testing the therapies of
tomorrow: Harnessing the immune system.
One promising approach, still in its infancy, is
engineering a patient’s own immune system to seek
out and attack the malignant cells. In this area, we
are embarking on an ambitious initiative to develop
and test new immune-based therapies for cancer
patients. This focused program seeks to: identify
novel targets for engineered T-cell therapies and
vaccine therapies for high-fatality cancers; develop
and test novel immune-based therapies in immune-
competent preclinical models; elucidate fundamental
interactions between engineered immune cells and
host biology; and create a pipeline for clinical trials.

DID YOU KNOW
that up to 90% of children
treated for cancer experience
severe or life-threatening
complications to their health?

Undergoing current cancer treatments during
vulnerable stages of development often leave
children with serious long-term side effects, including
organ failure, hearing and vision loss, learning

Measuring and improving long-term
outcomes. Survival is a key metric. As survival

rates improve, our work also seeks to measure and
improve upon the well-being of child survivors. This
includes comprehensive and long-term follow-up
beyond the 5-year mark to understand therapeutic
efficacy and late-arising effects. Detailed, longitudinal,
cancer cohort data will enable more robust biomarker
development, improved risk stratification for late
effects, and potential interventions or treatment
modifications so that children can survive and thrive.

disease for children and adolescents requiring bone marrow transplants A genetic

impairment, infertility and even secondary cancers.
Dr. Faisal Khan, PhD, is leading the development of a test finds optimal matches between donors and recipients, and also identifies

prediction tool to reduce the risk of graft versus host children who will require additional care post-transplant.
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CHILD HEALTH & WELLNESS

Precision Child Health

Precision child health is an overall approach that seeks to
understand differences among children or populations of children
to individualize diagnoses, treatments and interventions. All grand
challenges are guided by precision health principles, whether it is
genotyping tumours to individualize cancer treatments, developing
organoids to screen drugs to treat a rare disease in a specific
patient, or stratifying a community by relevant social determinants
of health to pinpoint the most appropriate interventions in each
setting. Precision health brings a focus to relevant differences
among individuals and within populations. It is the opposite of “one-
size-fits-all” and represents a transformative shift in child health and
wellness world-wide.

Within this precision health framework, we have two
cross-cutting approaches:

1. Harnessing big data for optimal child outcomes
2. Transforming health care for children and families




CROSS-CUTTING APPROACH 1

Harnessing big data for
optimal child outcomes

In an increasingly data-driven world, data science and artificial intelligence are key
tools for converting big data into tangible benefits. Health care is no exception.
The wide-spread availability of diagnostic tools and techniques has dramatically
increased the amount of medical data for single patients and populations.

Deep phenotyping data, including genetics, metabolomics, imaging, and clinical
assessments, is now available for many healthy and sick children. However, we are
not yet making use of this wealth of information in medicine.

Enormous amounts of data are collected every day in the health care system.

At the same time, data science and machine learning methods are increasingly
important in all facets of our life. For data science and artificial intelligence to
reach their true potential for children and their families, we need to find solutions
for legal, ethical, and privacy challenges.

This cross-cutting approach will support the development and implementation of
cutting-edge data science methods, including advanced big data machine learning
and statistical methods, and foster high-end computational resources to enable
precision health for children. Our researchers will collect, analyze, and integrate
data from multiple sources to improve prevention, diagnosis, and treatment of
pediatric diseases in direct collaboration with clinicians. This team will also enable
innovative research to address gaps in knowledge for pediatric diseases.

Demonstration Projects

Development of computer-aided diagnosis
systems using multiomics data. Diagnosing
diseases with high sensitivity and specificity remains

a considerable challenge, and this is especially true
for rare diseases. Advanced data science and machine
learning methods offer the potential to support the
diagnosis of diseases based on historical datasets of
patients. Therefore, our developing and evaluating
advanced diagnosis support systems using multiomics
data is a major research aim. Since machine learning
models are often considered ‘black boxes’, developing
explainable artificial intelligence models is especially
relevant in this context.

Identify disease-specific complex patterns
in deep clinical and genomic phenotyping
data. Advanced data science and machine learning
methods play a major role in combining and analyzing
complex multi-dimensional and multi-modal data
sources, thereby overcoming traditional silos in
medicine and connecting many specialties. Our

Developing and evaluating
dedicated data science
and machine learning
methods to mine big

data is a grand challenge
that will accelerate

precision medicine for
children. Harnessing big
data will improve disease
prevention, diagnosis, and
treatment for children in
Canada and beyond.

researchers will develop and apply dedicated data
science and artificial intelligence solutions to analyze
disease patterns in historical datasets. They will also
incorporate future data acquired from children with
various health statuses. This has huge potential to
identify novel biomarkers and improve our systemic
understanding of diseases.

Implementation of data-driven early
warning systems to prevent diseases.
Enormous health care data is collected for most
children in Canada and stored in a systematic and
accessible way. Mining and analyzing this historical
data offers the potential to prevent diseases at an
early stage by developing dedicated warning systems
to alert pediatricians based on individual patient data
entered into the electronic health records. Alberta is
the optimal place to develop such warning systems
due to AHS’ centralized system.



DID YOU KNOW

that most children with rare

genetic diseases spend years

undergoing medical tests and
waiting for a diagnosis?

Improve algorithms for the analysis of
pediatric imaging. Medical images are by far
the largest data source in health care today. Due to
the high volume and complexity, analyzing medical
imaging data is challenging and time-consuming for
radiologists and other clinical experts. Developing
dedicated image processing and analysis methods,
including machine learning models, is especially
helpful to alleviate the burden of routine image
analysis for physicians, allowing them to focus on
complex patients and doctor-patient relationships.
They also offer the potential to improve our
understanding of diseases through clinical research.
Advanced analytics driven by machine learning with
medical imaging and other clinical data is expected to
become a key tool for delivering precision medicine.

Advancing precision medicine through
personalized treatment support by
analyzing big data. For many diseases, we have
multiple drugs and treatment approaches. Vast
amounts of historical data are available from pediatric
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To reduce the exhausting process that takes such a toll on children and families,
Dr. Benedikt Hallgrimsson, PhD and teams from the University of California San
Francisco and the University of Colorado have built a database of 3D facial images
to identify most of today’s genetic syndromes and speed up diagnoses. This
transformational prototype will be particularly useful for telemedicine and in
low-income countries where genetic testing is not available.

patients treated with different drugs and treatment
approaches, including treatment outcomes. Mining
these datasets offers the potential to select case-
specific treatments based on individually-acquired
data including imaging, genetics, metabolomics, and
clinical assessments.

Develop methods for the responsible

and ethical mining of historical health

care datasets. A special challenge when training
machine learning models and especially deep
learning models based on medical data relates to
the fact that the training relies on highly private and
sensitive patient data. The data used for training
machine learning models can include: medical images
such as x-rays or magnetic resonance imaging,
metadata from electronic health records, clinical
assessments, laboratory results, and other variables
such as age, sex, and medical history. For this reason,
it is imperative we develop dedicated methods to
help overcome legal and ethical barriers to share
datasets across institutions while protecting

patient privacy.
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CROSS-CUTTING APPROACH 2

Transforming health care
for children and families

Alberta’s children deserve comprehensive medical care tailored to their needs (Built4Kids). And yet, there is

a lack of evidence specific to children, including limited understanding of disease mechanisms, uncertainty of
medication dosing and interactions, few high-level interventional trials and inadequate health care policies for
children.

This grand challenge will enable the generation of new knowledge into childhood diseases and translate
evidence into action with our partners at AHS to improve outcomes for children and families. Researchers

will build and empower multidisciplinary and multi-sectoral collaborations within AHS hospitals, clinics and
community settings. We will contribute to the growth of an evolving health care system that engages children,
families and health care practitioners- one in which research is embedded in care and connected to advancing
evidence-based improvements in health care, health policy, and deeply integrated into Alberta’s health system.

Demonstration Projects

Every Second Counts - Life Saving

Care. Trauma, infection, cancer and congenital
abnormalities pose significant threats to the lives

of Alberta children from birth through adolescence.
Integrated acute-care clinical teams (emergency,
neonatal- and pediatric- intensive care, neuro-critical
care), precision diagnostics and evidence-based
interventions significantly alter clinical trajectories
during life-threatening iliness. Multi-sectoral policy
activities enhance our prevention of disease and
injury through immunizations and building safe
environments. Training our next generation (KidSIM
and real-time) and advancing practice for our active
clinicians through quality and patient safety initiatives
at AHS will optimize patient outcomes when every
second counts.

Fighting the Fire — Childhood inflammatory
diseases. Inflammation is a central feature

of disease in children. Its effects, both acute

and chronic, result in dysfunction across organ
systems, impacting the quality and trajectory of

life for millions of children globally. Building and
empowering multidisciplinary collaborations we

will expand and enhance biorepositories (ACHRI
BioCore) and comprehensive clinical databases.
Harnessing the power of a systems biology/precision
medicine approach we will generate new knowledge
and translate evidence into action, improving
diagnostics and clinical interventions for children
with inflammatory- and immune- mediated illnesses
such as the COVID-related Multisystem Inflammatory

Syndrome of Childhood (MIS-C), Hemolytic Uremic
Syndrome (HUS), Kawasaki, Crohn’s & Colitis, neuro-
vasculitis diseases and post-traumatic inflammation.

Stronger Together — Investing in our
stakeholder teams. Enhanced research
partnerships with nursing and allied health
(respiratory and orthopedic therapy, pharmacy, social
work, psychology, child life) at AHS are essential to
expand our cross-cutting impact on clinical care.
Integrating our patients and families (ACH Family and
Child Resource Centre, KidsCan) and cultural leaders
(Indigenous and new Canadians) as key stakeholders
in clinical research programs will establish innovative,
family-centred research partnerships, ensuring
what’s important to children and families is important
to us. Together, we are all building a better future for
Alberta’s children.

Evidence to Action — Driving clinical trials
and translation to practice. Interventional
clinical trials generate high-level evidence to

answer clinically relevant questions for optimal

care. Supported by strong institute infrastructure,
our teams will lead local and nationally (tri-council)
funded clinical trials, generating new knowledge and
transforming pediatric practice. Strong partnerships
with quality improvement teams, educators and KT
leaders will translate evidence onto the front lines
and inform health systems policies.



Fostering the creation and implementation of evidence
for childhood diseases will result in optimal child health
outcomes. Building on our strengths and expanding our

partnerships with our provincial health system, our care
teams and state-of-the-art technologies, together we will
build a bright future for the children of Alberta.

New models of child health care -
harnessing technology for pediatric
practice. Innovation through design. We will
build and strengthen partnerships with biotech/
medical engineering experts across campus, and
establish industry partnerships for next-generation
technologies. This will improve our capacity for
diagnostics (point of care tests, bedside imaging),
interventions and daily care for our most vulnerable
populations, including children with medical
complexity (CMC). Investment in robotics for

DID YOU KNOW

that arthritis is one of the most
common childhood diseases
diagnosed in Canada?

Approximately three in 1,000 children live with
arthritis, a condition that can too often be
devastating. Bob required long-term steroid use to
control his disease, leaving him with weight gain,

procedures and patient-provider interactions
(Medicine and Engineering Designing Intelligence

- MEDI) will transform how we provide care. We will
pioneer high-quality, timely access to care through
remote IT platforms.

Fostering the creation and implementation of
evidence for childhood diseases will result in optimal
child health outcomes. Building on our strengths

and expanding our partnerships within AHS, our care
teams and state-of-the-art technologies, together we
will build a bright future for the children of Alberta.

that he had elevated levels of IL-1b, a pro-inflammatory cytokine. With a precision

bone loss, high blood pressure, diabetes and mobility
issues that required the use of a wheelchair. medicine approach, Bob’s treatment has been tailored to his biological profile. He
Dr. Susa Benseler, MD, PhD, and an international is in remission, has recovered from the side effects of the steroids and is

network of researchers in childhood arthritis found fully mobile.



Building the Evidence Base

We have identified and prioritized grand challenges to meet the needs of our
communities, enable innovate cross-cutting partnerships and build on our
research strengths. Our stakeholder consultation process yielded diverse ideas
for grand challenges that coalesce into 45 distinct projects (Child Health and
Wellness Strategy, Appendix pages 6-11). To ascertain the overlap between these
grand challenges and Global Burden of Disease (GBD) categories, we scored each
challenge by its intersection with the 22 level 2 categories in the GBD study

for 2017.
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These categories are shown in Figure 2, ranked by disease burden. We used the Figure 2: Burden of childhood disease.
average of childhood mortality and disability-adjusted life years, expressed as Source: Global Burden of Disease
proportions of the total burden. For example, maternal and neonatal disorders http.//www.healthdata.org/gbd

account for roughly 25% of the total disease burden by this measure.



To help guide grand challenge areas, we determined the intersection of our

research strengths, the strength and needs of our community and the importance
of distinct child health areas. Our research strength is quantified as described

in the CHW strategy, as the summary variable (PC1) that captures all available
measures of productivity and impact. The ambitions and needs of our community
were quantified by the intersections between the GBD level 2 categories and the
grand challenges articulated through our year-long consultation process.

Many grand challenges overlap with multiple GBD categories and were scored

accordingly. Figure 3 shows the results of this analysis. Here, GBD categories are

plotted by disease burden and research strength while the points are colored by

their intersection with the CHW grand challenges.

O Mawallegies] et Maternal and neonatal dlsordeb

—

[}

S 200 A Other non-communicable

O diseases

n @)

o Mental disorders
©
@ 150 A

©

o .

K High Importance/
~
< Areas of Strength

%D 100 Neoplasms

Musculoskeletal disorders

[}

S

)

(%]

-

E 50 Unintentional injuries Enteric infections

© Diabetes and kidney diseases Nutritional deficiencies O O Respiratory infections
g . Cardiovascular diseases O . and tuberculosis

Q . Sense organ diseases

o Chronic respiratory diseases O Transport injuries

Digestive diseaseso Other infectious diseases
0 kin and .subcutaneous Sub§tance use Q HIV/AIDS and sexually O Neglected tropical diseases and malaria
diseases disorders self-harm and intefpersonal violencaransmitted infections
T T T

-6 5 -4

-3 2

Importance (Burden of Disease in Childhood)

Overlap with CHW
Grand Challenges

High
I (frequently

intersects)

Low
l (rarely

intersects)

Figure 3: The intersection
of importance and
research strength. The X
axis plots the GBD burden
(on a log scale) for child
health while the Y axis plots
research strength measured
as the number of Pls scaled
by research impact and
productivity. On this scale,
a Pl with a research score
of 0, counts as 1, while a

Pl with a research score

of 10 counts as 10. The
research score is the first
PC of publications per year,
citations per year, first and
senior authorships and
Jjournal impact factors.
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To further examine how areas of research strength coincide with areas of
importance for child health, we scored 310 CHW investigators by CIHR pillar. Most
of these data were self-reported from ACHRI forms, but some are inferred from
publication histories. Many investigators work in more than one pillar and were
scored accordingly.

Figure 4 illustrates the results of this analysis and demonstrates that CHW

researchers are investigating virtually all GBD disease categories, with research
ranging from molecular mechanisms to social determinants of health.

MAPPING OF RESEARCH STRENGTH TO GBD CATEGORIES

250
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A limitation: CIHR pillars and GBD categories represent a disease-focused lens.
This analytical approach does not substantively address wellness. However, the
social determinants of health permeate the global burden of disease, impacting
every one of these 22 categories. As such, it is reassuring that CHW investigators
are pursuing understanding of these disease-issues through all four pillars of

CIHR. That being said, this is a limitation we considered when formulating our
overarching CHW strategy and our identified grand challenges. We will continue to
address this limitation in consultation with researchers.

Figure 4: Research strength
by GBD category broken

down by CIHR Pillar.



The University of Calgary is one of Canada’s finest, most innovative universities
founded upon and continuously inspired by our entrepreneurial, hard-working
and deeply caring community.

The 2017-2022 University of Calgary Strategic Research Plan “Eyes High” identified
six research themes that match Strengths with Opportunities, Increase Research
Capacity, and Drive Innovation:

B Energy Innovations for Today and Tomorrow

B Engineering Solutions for Health: Biomedical Engineering
Student
Experience B Brain and Mental Health
N B |nfections, Inflammation and Chronic Diseases in the Changing Environment
S e
‘r"'ér:easfng B New Earth-Space Technologies
Capacity
B Human Dynamics in a Changing World: Smart and Secure Cities, Societies,
Campus culture and Culture

We have established an innovative, interdisciplinary community of Child Health
and Wellness Scholars across campus and far beyond. Together we will conduct
cutting edge research and rapidly translate new knowledge into innovation,
disease prevention, health promotion and transformational care initiatives

to achieve optimal child and family outcomes in Alberta and beyond. We will
embrace and foster partnerships with child and family health care providers of
Alberta Health Services as well as child and youth serving organizations in our
community - unified in our shared commitment to excellence, compassion and
equality. Child Health and Wellness not only aligns well with the six Strategic
Research Themes, it will build on those themes to foster unique cross-cutting
efforts to match strengths with opportunities, increase research capacity and drive
innovation at the University of Calgary.
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