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Motivation & backgrouna



Mathematical models have well-established
roles in HPV / cervical cancer

Cost-effectiveness: HPV
vaccination is among the most
studied interventions in public
health economics

Elimination modeling:
including target-setting

Evaluating and incorporating
new technologies into
guidelines and health policies

Adjusted Mean ICER
(2017 USS/DALY averted)

4500 to 6300
6300 to 9950
>9950

of girls fully vaccinated
with HPV vaccine by
age 15 years.

of women are screened
with a high-performance
test by 35 years of age and

of women identified with cervical
disease receive treatment

(90% of women with precancer

Rosettie et al (2021), Plos One



IDM: an embedded research group in BMGF

— Provides internal support
— Conducts independent scientific research
— Develops open-source modeling tools

Reproductive Vaccine
health development
technologies & surveillance

Gender
equality

IDM cross-cutting support: expertise & modeling
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Vision for HPVsim

HPVsim belongs to Starsim: IDM’s next-generation agent-based

Starsim includes: Covasim, FPsim, HPVsim,...

To durably promote quantitative decision making...
We seek to build inclusive, collaborative, and open modeling communities...
Via tools that encourage innovation, scientific curiosity, and rapid exploration.

We therefore take a user-centric approach to software design:

All aspects should be simple, intuitive, and accessible — easier for ourselves and others

Software should get out of the way of science, with simple solutions preferred —
facilitates creativity and boldness in which scientific/policy questions to tackle

Embrace a diversity of users, from novice to elite — all levels of technical expertise
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Model framework overview



HPVsim overview

- Agent-based modeling framework

Health status
M Susceptible
B Episomal HPV infection
M Cellular transformation
M Invasive cervical cancer

B Dead

Relationship type
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ﬂ Casual
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ﬂ Long-term
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HPVsim overview

- Agent-based modeling framework

— captures HPV transmission

10 | © 2022 Bill & Melinda Gates Foundation. All rights reserved.

ARrweniir
| 2 ‘m oo W | 0n W o ]
Vol IR

pair formation
|

transmission

l mean peak clinical severity
®ve
(3 —

Antibody response it

O&?\ O \‘ " dysplasia duration
h
O o

232 :

between-host transmission within-host dynamics

0"
"",‘.,\J'-E INSTITUTE FOR
’;‘ 4 DISEASE MODELING



HPVsim overview

- Agent-based modeling framework

— captures HPV transmission
— simulates progression

A HPV16
0.25 —— HPV18
—— HRHPV
0.20
20.15
172
[ =
5]
a
0.10
0.05
0.00
0 10 20 30 40

Duration of infection (years)

11 | © 2022 Bill & Melinda Gates Foundation. All rights reserved.

/
y
4
/..

°®

)

)
J \

/ ' N\
BELG —GRARALLEERES

Cervical dysplasia

—M a0
B0 0%
. Healthy cell . HPV-infected cell . HPV-transformed cell

I D M INSTITUTE FOR
DISEASE MODELING

\
N
N
\

.Invasive cervical

Susceptible

HPV 16, 18,
other high risk

cancer

5",
R

Wt



HPVsim overview

- Agent-based modeling framework
— captures HPV transmission
— simulates progression

. Software details:
— Implemented in pure Python
—  Open source (MIT license)
— FEasy to use
Online tutorials
Documentation
—  Fast (aim: <1 min/simulation)
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Example use case



Vaccination effect

# Define a baseline simulation HPV incidence
sim = hpv.Sim() 0.051

# Define the vaccine intervention
vx = hpv.routine_vx(prob=0.6, start_year=2015, 0.04/
age_range=[9, 10], product='bivalent")

# Create scenarios with and without vaccination 0.037
scenarios = {
'baseline’: {'name': 'Baseline’, 5.5

"pars’: {}}, '
'vax' {'name': 'With vaccination’,

'pars': {'interventions': vx}},
) 0.01- _

= h S . S . . —— Baseline
scens = hpv.Scenarios(sim=sim, scenarios=scenarios) it VaGcination
0.00

# Run and plot 2020 2022 2024 2026 2028 2030
scens.run()

scens.plot() https://docs.idmod.org/projects/hpvsim/

en/latest/tutorials/tut interventions.html
#Prophylactic-vaccination
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https://docs.idmod.org/projects/hpvsim/en/latest/tutorials/tut_interventions.html#Prophylactic-vaccination
https://docs.idmod.org/projects/hpvsim/en/latest/tutorials/tut_interventions.html#Prophylactic-vaccination
https://docs.idmod.org/projects/hpvsim/en/latest/tutorials/tut_interventions.html#Prophylactic-vaccination

Access and info



Access and info

Code is open source: hpvsim.org

Manuscript under review, also on medrxiv:

— Stuart RM, Cohen JA, et al. HPVsim: An agent-based model of HPV
transmission and cervical disease

Interested in HPVsim?

— Low barrier to entry: easy installation with documentation & tutorials

— High levels of support available

— Especially interested in research studies & collaborations with policy
implications
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http://hpvsim.org/

Limitations and discussion

- Have not spoken about calibration or validation, critical components of
turning a modeling framework into a model

- HPVsim has built-in calibration methods, but the proof is in the
pudding
« HPVsim is still very much in development, please give us feedback and
we welcome any and all collaboration!
- Underlying philosophy drove practical user-centric design decisions

- Next phases: applications, ongoing refinement
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Thank you

HPVsim model development has been led by Jamie Cohen, Robyn Stuart, Romesh Abeysuriya, and Cliff Kerr. This
project is sponsored by Hao Hu and Daniel Klein.

We thank our expert advisers for their frequent and helpful consultations on model conceptualization and development.
These include but are not limited to Sharon Achilles, Maike Scharp, Celina Schocken, Peter Dull, John Schiller, Chris
Karp, and Holger Kanzler. Mark Jit, David Wilson, Sherrie Kelly, Jasmina Panovska-Griffiths, Andrew Shattock, Edinah
Mudimu, Michelle O’Brien, Richard Gray, Helen Olsen, and Greer Fowler provided editing and informal review. Erin Ingle
provided valuable literature review support to inform model parameters. Tremendous gratitude to Mandy Izzo for her
graphical content and editing support.

IDM is part of the Global Health division of the Bill and Melinda Gates Foundation.



