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On the development and application of distributed delay equations to mathematical physiology

SUMMARY OF THESIS MOST RECENTLY COMPLETED OR IN PROGRESS

THESIS COMPLETED OR IN PROGRESS

1. Degree Supervisor Date degree requirements completed

Title of thesis

2. Degree Supervisor Date degree requirements completed

Title of thesis

 Do not reproduce abstract of thesis.

08/2019Antony R. Humphries, Morgan 
Craig

Doctor of philosophy

Human physiology is filled with examples of time-delayed feedback. In certain cases, such as the 
hematopoietic system, the time lag between signal and response is variable and distributed around a mean 
delay. In my dissertation, I derived a physiologically realistic method of modelling these delays, developed 
new techniques for analyzing physiologically structured equations, and applied these techniques to model 
tumour growth in the presence of immune surveillance.

I began by deriving a general model of population renewal that includes an arbitrary maturation period. I used 
an age structured partial differential equation to model a population with a randomly distributed maturation 
period and variable maturation rate. I then reduced the age structured partial differential equation to a state 
dependent distributed delay differential equation (DDE).  This general setting encompasses the common state 
dependent discrete DDE and generalizes the linear chain technique to include variable transition rates and 
concatenated ageing processes. To illustrate the utility of the distributed DDE framework, I simplified two 
published models of hematopoiesis to their equivalent state dependent distributed DDE and analysed their 
resulting form.

Next, I developed and analyzed a mathematical model of tumour-immune interaction that explicitly 
incorporates heterogeneity in tumour cell cycle duration by using a distributed DDE. Through linear stability 
analysis, I completely characterised the importance of tumour-immune interaction by deriving a necessary and 
sufficient condition for disease remission. Consistent with the immunoediting hypothesis, bifurcation analysis 
of the mathematical model shows that decreasing tumour-immune interaction leads to tumour expansion 
through a transcritical bifurcation. By incorporating a model of viral therapy, I showed that immune 
involvement is crucial in determining long-term treatment outcomes. 

To understand the effects of genetic variability in treatment outcome, I performed a virtual clinical trial of 
viral therapy and immunotherapy. I quantified the synergistic interaction between these two treatments by 
simulating viral and immunostimulatory combination therapy. Finally, I exploited this synergy by using a 
genetic algorithm to create an optimal dosing regimen that reduces treatment burden and improves virtual 
prognosis.
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I intend to perform my postdoctoral research at the Wolfson Center for Mathematical Biology in the 
Mathematical Institute at the University of Oxford. I have already identified a mentor, Prof. Philip K. Maini,
and received approval to join the Institute. 

The Wolfson Center for Mathematical Biology provides a dynamic and collaborative atmosphere for my 
postdoctoral research. In particular, the Wolfson Center is home to a number of mathematical biologists 
studying cancer. Prof. Helen Byrne's research has illuminated the mechanisms underlying angiogenesis in 
tumour development, and Prof. Ruth Baker has focused on cellular migration and invasion which are 
critical to understanding tumour growth. The Center is also home to the Quantitative Biology Network 
which connects quantitative researchers with experimentalists and clinicians with the goal of driving 
interdisciplinary research into biology and medicine. The Center hosts weekly seminars with researchers 
from around the world. 

At Oxford, I will work in close collaboration with Prof. Philip K. Maini. Prof. Maini is a world leader in 
mathematical biology and has a proven track record of productivity with over 80 published articles since 
2016. He is a Fellow of the Royal Society, the Society of Industrial and Applied Mathematics, and the 
Society of Mathematical Biology. His ability to translate mathematical results into medical insight was 
recognized with his election to the Academy of Medical Sciences.

His research has focused on collective cell dynamics and has elucidated the mechanisms leading to cancer.  
In particular, he has proposed models that bridge scales between single cell and population-level dynamics. 
These techniques are particularly important in understanding non-genetic evolution in tumours, as recent 
experimental work has shown that epigenetic regulation is influenced by local behavior and the life history 
of the parent cell.  Recently, his research in mathematical oncology has identified strategies for combination
cancer therapies. Accordingly, he is an ideal supervisor and collaborator for my proposed research into the 
physiological mechanisms underlying epigenetic evolution and the development of evolutionarily inspired 
therapeutic strategies. 

Prof. Maini has existing collaborations with experimentalists throughout Oxford and the world. In 
particular, he works closely with researchers and students at the Integrated Mathematical Oncology (IMO) 
group at the Moffitt Cancer Center in the USA. Moffitt Cancer Center is the host institution for a stage I 
adaptive therapy trial in prostate cancer. I will therefore be able to continue my collaboration with the IMO 
while having access to clinicians and experimentalists who are testing our mathematical predictions. 

All told, collaborating with Prof. Philip Maini at the Wolfson Center for Mathematical Biology at the 
University of Oxford offers a exceptional atmosphere for my postdoctoral research.
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My research concerns the development and analysis of mathematical models. These mathematical models 
represent idealized systems and their analysis forms a significant proportion of my work.  The mathematical 
models will be parametrized using in vitro data derived from genetically engineered cancer cell lines. These 
cancer cell lines are expanded in vitro and form the in vitro systems that will be used to parametrize the 
mathematical model. However, sex or race differences present in culture, possibly due to hormonal influence 
in cell culture serum, are not relevant to the development and analysis of the mathematical models. These 
influences will be critical when translating my work to the clinic, but that is not a goal of the current work.

If you answer “no” to the question above, please use the text box provided to explain why diversity 
considerations are not relevant to your research design.

If you answer “yes” to the question above, please ensure that diversity considerations are incorporated 
throughout your proposal (i.e. research design, methods, analysis and interpretation, and/or dissemination of 
their findings).

Cassidy, Tyler TT

Family name, given name and initial(s) of applicant

Page 7 of 8



Proposed Research Outline 439027 Tyler Cassidy

The development of new anti-cancer drugs can be expected to take over a decade and cost over $1 billion
USD. Despite advances in targeted and precision medicine, most patients with advanced cancer will experience
drug resistance, treatment failure and, ultimately, disease recurrence [1, 2]. This resistance, long thought to
result from genetic heterogeneity and evolution, is increasingly understood as the result of non-mutational evo-
lutionary adaptations to therapy [3, 4]. Accordingly, my proposed research will develop mathematical models
to understand the physiological mechanisms underlying this epigenetic resistance, and use these models to
develop evolutionarily-inspired and clinically-actionable therapeutic strategies that mitigate the development
of treatment resistance.

Typically, drug-resistant populations co-exist in a dynamic equilibrium with drug-sensitive populations [1], but
therapeutic interventions upset this equilibrium by imposing evolutionary pressures that confer a fitness advantage
to the drug-resistant populations. This treatment-induced selection of drug-resistant cells is a natural consequence
of conventional maximally-tolerated cytotoxic therapy, which aims to kill as many drug-sensitive cells as possible,
and therefore induces strong selection pressure against the drug-sensitive population [5]. Thus, the accepted
standard of care may be leading to the competitive release of drug-tolerant populations and contributing to the
inevitability of treatment failure and disease progression [4].

Therapeutic strategies have been proposed to exploit the competition between drug-sensitive and tolerant cells.
These strategies aim to prolong the time to disease progression by inhibiting the emergence of drug-tolerant
populations [5]. These adaptive strategies in cancer treatment make extensive use of the theoretical framework of
evolutionary game theory. In these evolutionary games, the oncologist controls the environment through treatment
while tumour sub-populations, or the players, strategize to maximize their reproductive ability by modulating their
frequency inside the tumour. In the resulting game, drug-resistant cells exploit their treatment-induced fitness ad-
vantage to increase in frequency at the expense of drug-sensitive cells. This treatment-driven evolution is typically
modelled as a multi-species replicator equation describing clonal dynamics on a fixed genetic landscape so the
population dynamics are entirely determined by clonal frequency and pre-determined sensitivity to therapy. Thus,
while the theoretical framework underlying adaptive therapy exploits both the competition between genetically
distinct tumour sub-populations and the relatively slow timescales for genetic evolution [6], these evolutionary
games do not consider the role of non-mutational factors in treatment resistance [3].

However, we are beginning to appreciate that genetic resistance may not be the principle driver of therapeutic
resistance, and recent studies have identified the important role of non-mutational, or epigenetic, adaptations
in treatment resistance [3, 4, 7]. For example, epigenetic regulation of genetically identical non-small cell lung
cancer (NSCLC) cells induces a reversible drug-tolerant phenotype that expands during cytotoxic chemotherapy
[7]. This non-mutational resistance, where genetically identical cells transiently adopt a drug-resistant phenotype
to avoid the treatment imposed selection pressure, may thwart therapeutic strategies that rely on Darwinian
evolution over a fixed genetic landscape. Consequently, it is presently unclear how to adapt evolutionarily inspired
therapies to the address the difficulties posed by reversible non-genetic mechanisms that change on a faster
timescale than Darwinian evolution.

To this end, recent experimental work suggests that this phenotypic heterogeneity can be modulated by a
number of complex physiological factors, including the current state of the population, tumour microenvironment,
and the life history of the parental cell [8, 9]. Accordingly, as systems-level experiments of these complex and
non-linear interactions are currently intractable, standard experimental techniques are unable to probe the phys-
iological determinants of non-genetic heterogeneity. Therefore, mathematical modelling offers an unparalleled
opportunity to identify the physiological mechanisms underlying non-mutational drug resistance and to use
this understanding to extend adaptive therapies to non-genetic drug resistance.

My research will address the systemic determinants of epigenetic resistance through the development of
mechanistic mathematical models of tumour evolution in response to therapy. I will explicitly include the
physiological mechanisms underlying phenotypic heterogeneity through the use of physiologically-structured
population models. Unlike most game theoretical models, these mechanistic models take the form of partial
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differential equations that are explicitly designed to study intra-clonal population heterogeneity. By using a
combination of single cell RNA-sequencing and population level data arising from in vitro and in vivo experiments
[8] in concert with sophisticated parameter estimation techniques and parameter identifiability analysis, I will
calibrate and validate my mathematical models. After these steps, I will leverage these models to predict the
epigenetic response to therapy, and to understand the mechanisms underlying treatment resistance and drug failure.

These models will serve as the basis of the development of evolutionarily inspired therapies that explicitly
address non-mutational resistance. I have recently shown that it is possible to derive therapeutic strategies
that exploit the epigenetic regulation of phenotypic resistance and drive extinction of a NSCLC population
resistant to standard chemotherapies by combining techniques from infinite dimensional dynamical systems
with physiologically based pharmacokinetic models. Effectively, my results show that oncologists can preserve
a significant proportion of drug-sensitive cells while simultaneously driving tumour contraction by carefully
choosing dose size and frequency to modulate selection pressure on drug-sensitive cells.

The theme of selectively applying treatment pressure to an evolving population underlies the main contribution
of my proposal. I will use biologically-relevant and physiologically-structured mathematical models to understand
how therapeutic selection shapes epigenetic evolution of malignant tumours. With this understanding in hand,
I will use techniques from dynamical systems, pharmacometrics, and numerical analysis to develop rational and
clinically-actionable treatment schedules to steer this epigenetic evolution towards desired clinical outcomes. This
rational use of drug-interventions will be particularly important when considering large heterogeneous tumours
where single drug therapies are unlikely to be successful. There, evolutionary steering may involve drug cycling
to maintain a drug-sensitive population of cells and thus limit treatment failure, or strategies to induce collateral
sensitivity wherein resistance to the first therapy increases sensitivity to subsequent therapeutics [10]. Finally, I will
demonstrate the robustness of these clinically actionable strategies through the use of in silico clinical trials [11].

Most importantly, I will utilize my experience in the pharmaceutical industry and existing collaborations with
experimentalists and clinicians to translate my mathematical results into new biological knowledge. Specifically,
the mathematical models developed during this work will make predictions that will first be tested in in vitro
experiments before being applied to patient-derived organoid models [12]. In this way, my research will inform a
multi-disciplinary approach to rational personalized medicine and allow for these evolutionary steering techniques
to be translated into clinically actionable strategies.

Despite significant progress in anti-cancer drug development, therapeutic success is often transient with treat-
ment failure being driven by the emergence of resistant populations. These resistant populations then form the
“minimal residual disease” that almost inevitably act as a reservoir of drug-resistant cells that drive refractory
tumour growth. Therapeutic strategies have been developed to combat pre-existing genetic resistance and a
recent pilot clinical trial in metastatic castrate-resistant prostate cancer has illustrated the possible clinical benefits
of these so-called “adaptive therapies” [13]. My work is critical to extending these strategies to account for
non-mutational evolutionary adaptations to therapy. My research will develop evolutionarily-inspired treatment
strategies that will permit re-purposing of existing anti-cancer drugs, decrease treatment toxicity and burden, and
ultimately support efforts towards improving clinical outcomes.

[1] Russo, M. et al. (2019) Science (80-. ). 366(6472).
[2] McGranahan, N. and Swanton, C.(2017) Cell 168(4).
[3] Marine, J.-C., Dawson, S.-J., and Dawson, M. A., (2020) Nat. Rev. Cancer In press.
[4] Bell, C. C. and Gilan, O. (2020) Br. J. Cancer 122(4).
[5] Gatenby, R. A. and Brown, J. S.(2020) Nat. Rev. Clin. Oncol.
[6] Gluzman, M., Scott, J. G., and Vladimirsky, A. (2020) Proc. R. Soc. B Biol. Sci. 287(1925).
[7] Sharma, S. V. et al. (2010) Cell 141(1).
[8] Shaffer, S. M. et al. (2020) Cell 182(4).
[9] Yang, H. W., Chung, M., Kudo, T., and Meyer, T. (2017) Nature 549(7672).

[10] Acar, A. et al., (2020) Nat. Commun.11(1).
[11] Cassidy, T. and Craig, M. (2019) PLOS Comput. Biol. 15(11).
[12] Vlachogiannis, G. et al. (2018) Science (80-. ). 359(6378).
[13] Zhang, J., Cunningham, J. J., Brown, J. S., and Gatenby, R. A. (2017) Nat. Commun. 8(1).
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The goal of the proposed research is to develop physiologically-structured and biologically relevant models
of epigenetic resistance to anti-cancer therapies. While this work is translational and therefore interdisciplinary,
my proposed research is entirely mathematical. In broad terms, my research aims to

develop(ing) new mathematical or statistical models, theories, methodologies, or analytical tools
that may lead to potential future applications in human health 1

Specifically, my work will involve

1. The development of physiologically-structured mechanistic models of evolutionary selection in a heteroge-
neous population. These infinite dimensional models will either be systems of non-local partial differential
equations or delay differential equations. The development, analysis, and simulation of these types of
models is an active area of research in mathematics. For example, the extension of well-known linearisation
techniques and bifurcation analysis from finite dimensional systems to these infinite dimensional dynamical
systems is non-trivial and will require the development of new mathematical techniques.

2. The simulation of the mathematical models will require either the development of new numerical techniques
or the derivation of mathematical equivalences with simpler models for which numerical techniques exist.

3. The parametrization and validation of these mathematical models will require the adaptation of existing
statistical techniques to available data and model predictions. This will include the development of local sen-
sitivity analysis techniques, optimization routines for parameter fitting, and practical identifiability analysis.

Accordingly, the proposed research will contribute to the advancement of knowledge in mathematical biology,
dynamical systems, and numerical methods, all of which fall under the mandate of NSERC and its programmes.

1Taken from: Addendum to the guidelines for the eligibility of applications related to health, https://www.nserc-crsng.gc.ca/nserc-
crsng/policies-politiques/addendum-addenda_eng.asp, Accessed: 10/17/2020.
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I Contributions to research and development
a) Articles published or accepted in peer-reviewed journals
1) Cassidy, T., Humphries, A.R., Craig, M., and Mackey, M.C. (2020) Characterizing chemotherapy-
induced neutropenia and monocytopenia through mathematical modelling, Bulletin of Mathematical
Biology, 82: 1-26. (Ph.D. Work)
2) Cassidy, T. and Craig, M., (2019) Determinants of combination GM-CSF immunotherapy and on-
colytic virotherapy success identified through in silico treatment personalization, PLOS Computational
Biology, 15: 1-16. (Ph.D. Work)
3) Cassidy, T., Craig, M. and Humphries, A.R. (2019) Equivalences Between Age Structured Models and
State Dependent Distributed Delay Differential Equations, Mathematical Biosciences and Engineering,
16: 5419-5450. (Ph.D. Work)
4) Cassidy, T. and Humphries, A.R., (2019) A Mathematical Model Of Viral Oncology As An Immuno-
Oncology Instigator, Mathematical Medicine and Biology: A Journal of the IMA, 37: 117-151. (Ph.D.
Work)
5) De Souza, D.C, Craig, M., Cassidy, T., Li, J., Nekka, F., Humphries, A.R. (2018) Transit and lifespan
in neutrophil production: implications for drug intervention, Journal of Pharmacokinetics and Pharma-
codynamics, 45: 59-77. (Ph.D. Work)
6) Cassidy, T., Gaudreau, P. and Safouhi, H. (2017) On the Computation of Eigenvalues of the Anhar-
monic Coulombic Potential, Journal of Mathematical Chemistry, 56: 477-492. (B.Sc work)
b) Articles submitted to peer-reviewed journals
1) Cassidy, T., Distributed Delay Differential Equation Representations of Cyclic Differential Equations,
SIAM Journal on Applied Mathematics, Submitted: July 9th, 2020, Submission ID: M135160, 19 pp.
(Postdoctoral Work)
2) Jenner, A.L., Cassidy, T., Belaid, K., Bourgeois-Daigneault, M.C., and Craig, M. In silico trials
predict that combination strategies for enhancing vesicular stomatisis oncolytic virus are determined by
tumour aggressivity, Journal of ImmunoTherapy for Cancer, Submitted: July 7th, 2020, Submission ID:
jitc-2020-001387, 33 pp. (Postdoctoral Work)
d) Non-peer-reviewed contributions
1) Cassidy, T.,∗, Transit compartmental representations of functional differential equations, Los Alamos
National Laboratory Theoretical Biology and Biophysics Seminar, National institutional oral presentation,
2020 (Postdoctoral work)
2) Cassidy, T.,∗, Nichol, D., Robertson-Tessi, M., Craig, M. and Anderson, A.R.A., Insights from
phenotype and age structured equations to avoid chemotherapeutic drug resistance, SIAM/CAIMS Joint
Annual Meeting, International conference oral presentation, 2020, (Postdoctoral work)
3) Cassidy, T.,∗, Nichol, D., Robertson-Tessi, M., Craig, M. and Anderson, A.R.A., Using Structured
Equations to Control Tumour Evolution and Avoid Chemotherapeutic Resistance, York University Lab-
oratory of Industrial and Applied Mathematics Seminar, International institutional oral presentation, 2020,
(Postdoctoral work)
4) Cassidy, T∗, Humphries, A.R., Craig, M. and Mackey, M.C., Innate Immune System Regulation in
Health and Disease, Society for Mathematical Biology Annual Meeting, International conference oral
presentation, 2019, (Ph.D. work)
5) Cassidy, T∗, Craig, M. and Humphries, A.R., The Linear Chain Trick in Modelling Drug Effects on
Neutrophil Response, CAIMS Annual Meeting, International conference oral presentation, 2019, (Ph.D.
work)
6) Cassidy, T∗, Craig, M. and Humphries, A.R., A Recipe for State Dependent Distributed Delay Dif-
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ferential Equations, SIAM Meeting on Dynamical Systems, International conference oral presentation,
2019, (Ph.D. work)
7) Cassidy, T∗, Craig, M. and Humphries, A.R., Understanding and Exploiting Immune Support of
Cancer Virotherapy, Pfizer Inc. Quantitative Systems Pharmacology in Early Clinical Development
Seminar, International institutional oral presentation, 2019, (Ph.D. work)
8) Cassidy, T∗, Craig, M. and Humphries, A.R., Modelling and Optimizing Immune Support of Cancer
Virotherapy, Helmholtz Center for Infection Research Systems Immunology Seminar, International
institutional oral presentation, 2019, (Ph.D. work)
9) Cassidy, T∗ and Humphries, A.R., A Mathematical Model of Viral Oncology, 10th Swedish Meeting
on Mathematics in Biology, International conference oral presentation, 2018, (Ph.D. work)
10) Cassidy, T∗ and Humphries, A.R., Viruses as Instigators of Cancer Immunotherapy, SIAM Life
Sciences Meeting, International conference oral presentation, 2018, (Ph.D. work)
11) Cassidy, T.,∗, Humphries, A.R. and Mackey, M.C, Mathematical Modelling of Cyclic Neutropenia,
CAMBAM Seminar National institutional oral presentation, 2017 (M.Sc work)
12) Cassidy, T.,∗, Humphries, A.R. and Mackey, M.C, Understanding, Treating and Avoiding Hema-
tological Disease: Better Medicine Through Mathematics, SIAM Life Sciences Meeting, International
conference oral presentation, 2016 (Ph.D. Work)
f) Contributions resulting from your participation in industrially relevant RD activities
1) Cassidy,T.,∗, Rieger, T. and Baraldi, R., Modelling Lipoprotein Dynamics during PCSK-9 Inhibi-
tion, Pfizer Internal Medicine Research Unit Quantitative Research Group Seminar (Institutional oral
presentation and technical report), 2017.
II Most significant contributions to research and development
1) A significant portion of my research has involved the development and analysis of mathematical
models of hematopoiesis during immunosuppressive chemotherapy. In 2018, we compared three different
mathematical models of granulopoiesis and showed that the “gold standard” Quartino model misspecifies
the neutrophil precursor maturation stage as an additional proliferative stage1 and published this work in
the official journal of the International Society of Pharmacometrics. I showed that such misspecifications
can be avoided by explicitly modelling the proliferative stage as a physiologically-structured partial
differential equation. I established the equivalence between the common transit compartment ordinary
differential equation models of hematopoiesis that include pharmacological interventions and a system
of delay differential equations where the delay is both state dependent and distributed2. This equivalence
links the three major classes of physiologically based mathematical models of hematopoiesis and was
published in a special issue dedicated to Advances in Mathematical Population Dynamics. I derived and
validated a novel physiologically-structured model of monocytopoiesis to characterize the relationship
between monocytopenia and neutropenia during chemotherapy. Our results suggest using monocyte
concentrations as a early warning sign for chemotherapy induced neutropenia3. We published this work
in the official journal of the Society of Mathematical Biology.
2) I developed a physiologically based mathematical model of tumour growth and oncolytic viral
therapy4. Using a system of distributed delay differential equations, I explicitly incorporated intra-tumour
heterogeneity in a model of tumour growth. I demonstrated that intra-tumour heterogeneity acts to
destabilize the disease-free state and characterized the importance of immune recruitment in cancer

1de Souza et al. Journal of Pharmacokinetics and Pharmacodynamics (2018)
2Cassidy, Craig, and Humphries, Mathematical Biosciences and Engineering (2019)
3Cassidy, Humphries, Craig, and Mackey, Bulletin of Mathematical Biology (2020)
4Cassidy and Humphries, Mathematical Medicine and Biology: A Journal of the IMA (2019)
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progression. I extended the model to include oncolytic viral therapy and showed that the resulting immune
involvement is critical for determining treatment outcome. By parametrizing the mathematical model
to late stage melanoma and performing an in silico clinical trial, I showed the mathematical model
can replicate the population-level results of the OPTiM clinical trial that led to FDA approval of the
first oncolytic viral therapy5. I then investigated the synergy between standard immunotherapies and
an oncolytic virus and thus tailored therapeutic strategies for our virtual population. I leveraged these
individualized schedules to propose a clinically actionable combination therapy schedule that significantly
improves virtual prognosis while minimizing treatment burden in a paper published in a special issue
on Targeted Anticancer Therapies and Precision Medicine in Cancer. We recently extended this model
to study combination oncolytic virus treatment6. We worked closely with an experimental collaborator to
identify optimal combination strategies that exploit the different immunological characteristics of candidate
oncolytic viruses. This work illustrates the use of computational techniques in pre-clinical development
and contains broad results that are of interest to clinical researchers. We therefore submitted this work
to the official journal of the Society of Immunotherapy for Cancer where it is currently under review.
3) Structured population models allow for the explicit study of intra- and inter-patient heterogeneity. How-
ever, their implementation has been limited due to difficulties in analysis and simulation. I have addressed
these difficulties by establishing the mathematical equivalence between these physiologically-structured
models and simpler differential equation models. This work has broad implications in model development
as researchers can use the model formulation best suited to their needs2. It is common to use compart-
mental models to mimic time delays arising naturally in structured population models. I have recently
formalized this relationship by establishing the equivalence between general compartmental models and
functional differential equations. Using techniques from infinite dimensional dynamical systems and
functional analysis, I developed new tools to simplify the study of these compartmental models7. Given
the ubiquity of compartmental models throughout applied mathematics, I submitted this work to the
founding journal of the Society of Industrial and Applied Mathematics where it is currently under review.
Part III Applicant’s statement
Research experience: My academic career began with a NSERC-USRA funded summer research
project at the University of Alberta. My undergraduate research involved the development of novel
numerical techniques for Sturm-Liouville problems that arise in quantum mechanics. This work led to
my first publication.
I then moved to McGill University for my doctoral training in applied mathematics. Broadly speaking, my
research focused on using mathematics to address problems in medicine. My doctoral work, supported by
a NSERC PGS-D award, was primarily centered on the development of physiologically-based structured
population models to study the role of intra- and inter-patient heterogeneity in disease progression and
therapeutic scheduling. This work led to five publications.
During my Ph.D., I spent 4 months working in the quantitative systems pharmacology group at Pfizer
Inc. where I extended a mechanistic model of circulating lipoprotein dynamics to include the effects of a
novel monoclonal antibody in monotherapy and in combination with statin treatment. We used the model
to elucidate the mechanism leading to their synergistic function and impact on familial cholesteroalaemia.
At Pfizer, I learned to effectively translate mathematical insights into actionable results through my collab-
oration with experimentalists and clinicians. This experience confirmed the importance of mathematical

5Cassidy and Craig, PLOS Computational Biology (2020)
6Jenner et al. Journal of ImmunoTherapy for Cancer, Submitted: July 7th, 2020
7Cassidy, SIAM Journal on Applied Mathematics, Submitted: July 9th, 2020



Applicants Statement 439027 Tyler Cassidy 4

modelling for understanding disease progression and pre-clinical treatment development.
In the final year of my Ph.D., I was awarded a postdoctoral fellowship (now called junior fellowships) to
attend the thematic semester in mathematical biology at the Institut Mittag-Leffler in Stockholm, Sweden.
There, I began a collaboration with scientists from the Institute for Cancer Research in the UK and the
Moffitt Cancer Center in the USA that has deepened my interest in non-genetic mechanisms of cancer
drug resistance, and further entrenched my belief that mathematical modelling is critical in revealing
important insights into disease progression and treatment resistance.
My postdoctoral work with Alan Perelson at the Los Alamos National Laboratory has involved the
development of mathematical models to understand the evolution of treatment resistance in HIV. In
particular, I have worked in close collaboration with clinical scientists to illuminate the dynamic pathways
leading to HIV resistance against a broadly neutralizing antibody in a recently completed phase I clinical
trial. I have also used mathematical modelling to identify the immunological mechanisms underlying
post-treatment control of HIV infection. This work will submitted in the near future.
Relevant activities
Teaching: I was the teaching assistant for Calcul élémentaire I (2013), Calcul élémentaire (2013, 2014),
Calcul élémentaire II (2013, 2014), Algebre linéaire I (2012, 2013, 2014) and Statistiques I (2012) at the
University of Alberta–Campus Saint Jean. These tutorials were given in French. At McGill University,
I was the teaching assistant for Calculus for Management (2016) and Calculus II (2017, 2018). I was
awarded the departmental teaching assistant award in 2017 and 2018.
In 2020, I organized a day-long workshop titled Problems and solutions in lifting individual behaviour
to population level dynamics during the Centre de Recherches Mathématiques-Center for Applied Math-
ematics in Biology and Medicine Workshop Series in Mathematical Biology. I developed the syllabus
and lectured half of the workshop. The workshop had approximately 60 attendees and we covered the
use of structured equations in the context of graduate-level mathematical biology.
Supervision and Mentorship:
Supervision: I supervised two undergraduate final projects at McGill, and the summer research of two
undergraduate researchers. In all cases, I defined the research question, organized and guided their
research and participated in writing manuscripts.
Mentorship: During my doctoral studies, I was an active mentor to the other graduate students in our
research group by leading group discussions and student driven presentations. I was elected to the McGill
mathematics graduate student government in 2017.
Activities Related to the Dissemination of Results:
Seminar organization: I organized a series of undergraduate research seminars at the University of Alberta–
Campus Saint Jean. Undergraduate researchers presented their work to a multi-disciplinary audience
during lunch. The seminar series included professional development presentations and social activities
to promote interdisciplinary communication. I also organized a Montreal-wide student computational
biology seminar during my time at McGill. The seminar involved presentations from student researchers
in a variety of quantitative biology sub-fields.
Session organization: I organized a session titled Quantitative approaches to unravel immune function
and immunity at the Society for Mathematical Biology’s 2019 annual meeting.
Peer review: I am currently a reviewer for five journals.
Awards: I was awarded the best poster prize at the McGill Physiology Department Research Day in 2018
and at the 2019 Fields Institute Workshop on Mathematical Ecology. I received travel awards to attend
the SIAM Life Sciences meeting (2018), SIAM Dynamical Systems meeting (2019), CAIMS Annual
Meeting (2019), and the Fields Institute Workshop on Mathematical Ecology.
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