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Background



Basic motivating question

Typhoid model (Bilcke et al 2019)
« Main drivers of differences in

epidemics/disease outcomes: Vax

— Demographic differences

— differences

— Behavioral/environmental differences

— Natural history differences? —> Sus [ Inf = Carrier

« How much do we expect the
natural history of a disease to vary SUS s asymp Immune
from country to country?
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How has this question been approached in
the past?

- Three options for estimating

natural history parameters:

a. Unconstrained: parameters
can vary from setting to setting
depending on what best fits the
data

b. Constrained: parameters are
fixed & identical from setting to
setting

c. Semi-constrained: some
parameters are pooled, other
free to vary

One-off models, data-driven applications

Common approach with HPV models

Balances flexibility & tractability
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« >50% of infections are undetectable
within 6—-12 months, >90% clear in
1-2y 0 1 2 3

. . . Years since infection with carcinogenic HPV

- Persistent infection =+ precancerous

. . £ 100 =
A primer in HPV | \
& Persistence
>
- Very common STI, most people* get s
infected soon after sexual debut g
8 Clearance
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lesions on the cervix
. Invasion
« Precancerous lesions can clear on

their own or progress to invasive

cervical cancer 20
CIN3 persistence '
or regression

* in absence of vaccination C1 Corvionl Cancon. Joumal of o Natlonel Gancer Ittt 103, 366083 . . . 0
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HPV at a population level

- Incident HPV infections peak shortly after sexual debut
- High-grade precancerous lesions peak “10-15 years later
- Invasive cancers peak ??? years after that

HPV
infection

Precancer —/&

Cancer

Population prevalence (not to scale)

9 vears 15 vears 30 years 45 years 60 vears
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Age distribution of cervical cancer cases

TANZANIA: cancers peak at 55-59

Annual number of new cases
of cervical cancer
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UGANDA: cancers peak at 40-44
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Llfe expectancy 63
Births/woman: 4.7

HIV prevalence F15-49: 6.6% (UNAIDS)
Median age of debut: 16.9 (2016 DHS)
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Life expectancy: 66
Births/woman: 4.8
HIV prevalence F15-49: 5.7% (UNAIDS)

Median age of debut: 17.2 (2016 DHS)
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Goal of this work

- Objective: determine whether the differences in the age
distribution of cervical cancers across SSA can be explained
without varying natural history parameters

- Study design: simulation study using an agent-based HPV model

« Setting: 30 SSA countries [insert pic of pop size/burden]
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Methods
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Modeling framework: HPVsim

- Agent-based model

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

B Dead

Relationship type

@
ﬂ Casual

[ ]
ﬂ Long-term

—e Relationship duration

HPV16
HPV18
HR-HPV
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Modeling framework: HPVsim

- Agent-based model f‘ ‘m M o - i i
— captures HPV transmission nelo" ‘m ﬂ cccccccccc M o P

mean peak clinical severity
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Modeling framework: HPVsim

- Agent-based model
captures HPV transmission
simulates progression
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Modeling framework: HPVsim

- Agent-based model

captures HPV transmission
simulates progression

- Software details:

Implemented in pure Python
Open source (MIT license)
Easy to use

Online tutorials
Documentation

Fast (aim: <1 min/simulation)
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Account for demographic, behavioral, and

programmatic differences
Demography (WPP):
match pop distributions

Kenya Madagascar Malawi
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Programmatic: assume
no significant differences
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Behavior (DHS):

age of debut
partner age
differences
proportion of
women with >1
casual partner
proportion of
women married
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Calibration

1. Immuno-varying
— Natural histories do not change, but each population has a “rel_sev”

parameter that scales their immune response
e.g., say an HPV16 infection will, on average, progress to level X with 6 years;
with rel_sev = 1.2 an individual would reach this level in 5 years

2. Unconstrained NH:
— calibrate all 30 countries individually, all natural histories free to vary

3. Constrained NH:
— calibrate 30 countries simultaneously, all natural histories the same, no
variation in responses

For all 3, we match to cancers by age in 2020, age-standardized rate of
cancer incidence, and the type distribution in cancers
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Results
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Calibrations - constrained vs unconstrained

Angola Benin Burkina faso Burundi Cameroon Angola Benin Burkina faso Burundi Cameroon
200 ¥ 200 4 F " 200 4 N 200 0 500 ] ¥
400 » $ - 500 . ] ‘ 100 .
* 200 o$LiTe = fﬁ* ‘ ¢ ‘
u 100 100 100 - 100 ]
200 5 . 250 1 2004 ‘ 50 9 +§ .!i * 250
t]
0 " ii':k 0 sh 0 *. ‘iﬁ 0 s ;Sﬁ 0 .. i!"g 0+ -i "'C 0 * 01 i& 0 1 =l.‘ 0 .! !,h
Chad Congo Cote divoire Drc Ethiopia Chad Congo Cote divoire Drc Ethiopia
H -
400 " " e .. . e ,.- 2004 % ﬁ 007 1000 !& 1000 - iﬁ‘
b ] 500 . N 500 ] o ! * ‘
200 100 200 n *
h o e " f Ak &5 4
0 i3 0 0 ‘g 0 kL 0 -l ;h 0 L |
Ghana Guinea Kenya Madagascar Malawi Ghana Guinea Kenya Madagascar Malawi
o iy 400 4 ™ 500 ) ¥ i h
L L} 4
500 oﬂ‘ 0 . o.- 500 ] ﬂﬂ. . 4 . . m * i&* 20 r 10001 § »0 Wl = "
Y oty - | | L e =) Yy ) 5oy $0 Y,
* u [
wntt_ Hm | at et ity L, o L L B " ol A

Mali Mozambique Niger Nigeria Rwanda Mali Mozambique Niger Nigeria Rwanda

400 ' Cs 400 N Lo L w0 ¢ 1000 H 2000
500 -. :3‘l o i = Ll 4 . 201 H
10001 [ 100 | 00
200 . !. 200 H ; L . n o7 % 00 ? L4 [ 500 .! ! 1000 L, =~ ﬁi
[3 . L] i h ny j

0 !’g 04 0 0 . *‘2&; 0 s 04 'I‘Qg 0 X "g 0 ‘i‘% 0 by o ng

200

Senegal Sierra leone Somalia South africa South sudan Senegal Sierra leone Somalia South africa South sudan
L™ 200 0‘ o L ¥ 200 4 ¥ 2000
200 ", m 200 1000 " 200 4 100 .
= efe O’Hi o ‘ L] » ] 100 " "I 1004 1000 10071
100 » i 50] m [ f zl 50 i& o ** .! f
% iy ﬁ n #I.. ' h 4 !;!
Tanzania Togo Uganda Zambia Zimbabwe Tanzania Togo Uganda Zambia Zimbabwe
-... 1000 + 2000 W e
[] 1 0
1000 . < -‘a;- s " i&; 100 1000 0 !‘& 0 ‘.'_-..
500 a oy i 1000 4 . L]
" 4 E
L}

t 2004 ¥ *
£l K|
gy T

I D M INSTITUTE FOR
DISEASE MODELING

4,
&

| .';h'ﬁi{.,',,

°

17 | © 2022 Bill & Melinda Gates Foundation. All rights reserved.



OOOOOOO

Calibration -
Immuno-varying

One size not not fit all,
but does fit most

2000
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Implied natural histories

Proportion clearing Probability of cancer Total dwelltime
within X years within X years from infection to cancer
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Immunocompromise levels
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Pitfalls of unconstrained approach

Proportion of clearance Probability of cancer Total dwelltime
within X years within X years from infection to cancer
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Conclusions
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What we found

- We were unable to explain the differences in the data on the age
distribution of cervical cancer cases via demographic and
behavioral differences alone.

- When we did not constrain the natural history parameters to be the
same across all countries, we were able to calibrate our model to
the data, but at the expense of having a reliable and consistent
understanding of the disease’s natural history.
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What this means

- Many possible interpretations:
— Insufficient data for calibrating to - justifies using estimates from HIC?

— Insufficient models - many factors that contribute to variations in natural
history that are NOT captured by models

- There’s a trade-off between a consistent understanding of how a
disease behaves, and designing a model that replicates the
particulars of a country’s epidemic

- Jamie’s talk (up next!) investigates how different models of HPV’s
natural history might influence modeled impact of interventions.
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