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SCREENING MODELLING

» Used for evaluating both the effectiveness and economic impact of
cancer screening.

* They can complement randomized screening trials by fulfilling the
gaps in understanding of population-level screening effects that
cannot be obtained from trial data.
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Cohort-level model (Markov chain model)

Individual-level model (Markov chain model - microsimulation)

Regression models

Mixed-effects models

Differential equations models
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Figure 1. lllustration of Markov Chain Monte Carlo method



Simulation WITHOUT Screening
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Simulation WITH Screening
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to symptoms

Death due to
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METHODOLOGICAL KEY STEPS

v/

VALIDATION OF THE RESULTS SENSITIVITY ANALYSIS TO EVALUATE
MODEL UNCERTAINTIES OR
ROBUSTNESS




Uno screening t\ LS ‘_ %
g|S gg mdfn"gg I3 ) N Brescia | 9-11novembre 2022
B Y Centro Paolo VI oy
d i : della mammella: i % 2
rg;}r:@rf)g(l}tar\aaf?ccgscreemng nuove sfide O\s@f’i& . \'v,%\
’ enuove <z % @5 S b
opportunita ’.. C v S

MODELLI PIU” DIFFUSI

* MISCAN (The Netherlands)

* CISNET (USA)

* Oncosim model (Canada)

* Policyl-Breast microsimulation model (Australia)
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Fig. 1 - Transitions in the MISCAN model.
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CISNET

Common outputs of the CISNET breast cancer models.
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Counts

Benefits

Harms

» Proportion of women alive

* Number of DCIS and invasive cancers

s Stage

* Number of breast cancer deaths!

* Number of distant recurrences

*» Number of mammograms

* Number of survivors with adverse

effects

* Surgery

» Number of secondary cancers

* Costs

* Cancer deaths averted

* 04 reduction in mortality

» Life year gains

* Quality-adjusted life year gains
+ Distant recurrences avoided
+ Distant recurrence-free
survival

* Breast cancer survival

* Quality-adjusted survival

» Interval cancers

* Advanced staged
diagnoses?

* Overdiagnosis
« False positives®

+ Biopsies after false positives

* Secondary cancers

+ Adverse treatment effects




Models

I C | S N ET VS I\/l |SCAN ( 1) Attribute CISNET-DFCI (Dana-Farber) MISCAN-Fadia (Erasmus)

Breast Yes Yes
Approach
Primary Purpose
Screening evaluation Yes Yes
Epidemislogical analysis Yes
Policy evaluation Yes
Population trends Yes Yes
Features
Intervention
Prevention Yes
Screening Yes Yes
Treatment Yes Yes

Matural History

Metastases Yes Yes

Tumor Growth Yes

Biomarker Yes



I CISNET vs MISCAN (2)

Attribute
Outputs
Cost

Tumaor size

Disease
Stage Distribution

Pravalence

Disease
Treatment

Precancer
Screening

Test Performance
Tumor Attributes
Risk Factor

Demography

CISNET-DFCI (Dana-Farber)

Yes

MISCAN-Fadia (Erasmus)

Yes

Yes

Yes

Yes

Yes

Yes



Uno screening
SuU misura

g IS oer il tumore L Brescia | 9-11 novg:mbr% 2?23
Ma A della mammella: % enreFecte
gruppoitalianoscreening nuove sfide 3
mammografico e nuove ogég

opportunita
CISNET vs MISCAN (3)

Attribute CISNET-DFCI (Dana-Farber) MISCAN-Fadia (Erasmus)
Survival Yes Yes
Life years Yes Yes
QALY Yes Yes
Cause-specific Mortality Yes fes
All-cause Mortality Yes Yes
Screening

False Positives Yes Yes
True Positives Yes Yes
False Negatives Yes
True Negatives Yes
Biopsies Performed Yes Yes
Unnecessary Biopsies Yes Yes
QOverdiagnoses Yes Yes
History Yes Yes
Treatment

Overtreatment Yes Yes




Oncosim

Demography Natural history Cancer detection Po—
Canadian population 5Llrucl:ure Tumour onset Clinical detection R —
fage, sex, province/territory) Tumour growth Stage at detection (AJCC) {years, age, etc)
All-cause mortality by age, sex Spread to lymph nodes Turmnour hiclogy Participation and retention
and other organs - hormone receptor status
Health-related quality of life by age, sex 4 - HER2 status Madality
Breast cancer risk factors - grade {e.g. digital mammography}
- Family history of breast cancer Follow-up protocol
BRCA1/2 gene mutation after abnormal screens
- Use of hormane replacement therapy Costs of screening and
fallow-up procedures
Disease progression Breast cancer costs Impact of breast cancer on
Dhsease free First 18 manths care health-related quality of life
local & distant recurrence Continuing care Disease stage
Breast cancer mortality End-of-life cane Treatments
Qutputs
Incidence and mortality Screening Costs Cost-effectiveness analysis
- Age-standardized rates - number eligible for screening - Lifetime costs by stage - Life-years
- Cases by geography, age group - numbser of screens = Cost by resource type + Quality-adjusted life-years
- Stape distribution - uumber of follew-up tests £.g. screening, surgery - Total healthcare costs
- overdetection - Cost by year




POLICY1 breast

Demographics
sMain time loop
«Population adjustment

) Breast Density
=Tu mlxrgﬁns :lll"bmtnl: BreastScreen Screeni ng sMenopause
«Growth model s5creening history | «MHT

Maortality Detection Screening outside

eBreast cancer mortality . the program
sOther-cause mortality *Screening detection test sScreaning history

Figure 1: Policyl-Breast schematic diagraom demonstrating the relotionship between sub-models. “Screening outside the
program” describes opportunistic ond risk-based screening which is not part of the notional screening program.
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PERSONALIZZAZIONE SU
STORIA FAMILIARE E RISCHIO
POLIGENICO (CISNET)

Trentham-Dietz A, Alagoz O, Chapman C,
Huang X, Jayasekera J, van Ravesteyn NT, Lee
SJ, Schechter CB, Yeh JM, Plevritis SK,
Mandelblatt JS; Breast Working Group of the
Cancer Intervention and Surveillance
Modeling Network (CISNET). Reflecting on 20
years of breast cancer modeling in CISNET:
Recommendations for future cancer systems
modeling efforts. PLoS Comput Biol. 2021 Jun
17;17(6):€1009020.

Risk-based screening strategies based on breast cancer family history; polygenic risk score, and family

history combined with polygenic risk.

Screening Screening Number of Lifeyears Breast cancer Overdiagnoses False
guideline® strategy screens gained? deaths positives
averted?
USPSTF Biennial 50-74 11,182 118 6.7 14.5 920
Risk based Family history 11,840 125 6.9 14.9 1,000
Risk based Polygenic risk 12,990 141 7.4 16.0 1,156
Risk based Family history 13,089 154 7.9 16.6 1,169
and polygenic
risk
American Cancer Annual 45-54, 17,984 151 7.7 16.5 1,666
Society Biennial 55-74
American College Annual 40-74 31,083 192 9.6 21.5 2,910

of Radiology




MODELLIZZAZIONE SU
INTERVALLI (MISCAN)

van Ravesteyn NT, Schechter CB,
Hampton JM, et al. Trade-Offs Between
Harms and Benefits of Different Breast
Cancer Screening Intervals Among Low-
Risk Women. J Natl Cancer Inst.
2021;113(8):1017-1026.
doi:10.1093/jnci/djaa218

Harm /benefit ratios

Screening strategy

Average-risk women (range across models)

Biennial Annual Biennial Annual 40-49,

50-74 50-74 40-74 Biennial 50-74

Number of mammograms 2,240 5,974 5412 7,446
per averted breast cancer (1,608- (5,056- (4,473- (6,164-8,728)
death 2,871) 6,893) 6,350)
Number of mammograms 122 308 173 234
per life year gained (99-146) (278- (149-197) (204-263)

339)
Number of false positives 190 459 676 890
per averted breast cancer (120-260) (381- (518-833) (712-1,068)
death 537}
Number of false positives 10 24 22 28
per life year gained (7-13) (21-26) (17-26) (24-32)
Number of benign biopsies 27 g1 85 116
per averted breast cancer (17-36) (53-108) (67-108) (93-139)



300

MODELLIZZAZIONE SU o .
@ 250 - L4
] F >
DENSITA »E
E E 200 A L |i'| If °
22 104 g a -
$ g 4 A @
Trentham-Dietz A, Kerlikowske K, Stout =3 100 1
NK, et al. Tailoring Breast Cancer & ﬁ 55 Screening Frequency
Screening Intervals by Breast Density and b ‘E ® Annual OBiennial 4 Triennial
Risk for Women Aged 50 Years or Older: & ] 0
Collaborative Modeling of Screening <
& & & & &
Outcomes. Ann Intern Med. 50 » Qq,‘\‘ & @
2016;165(10):700-712. doi:10.7326/M16- \@‘\ @@Q B N ,\,\é“
0476 & & & & &
. < N & & A
0‘7 Q;b qgf %2 o Bb
& & & & &
£ c?{. Qé %
< <
Age 50-74

Age and Breast Density



Uno screening

gl S gg mﬁnbgrz N Brescia | 9-11 novembre 2022
a._ (L : %
gruppoﬁahanoscreemng de @ r%aor\rl]en’;%l(ljae Oy
mammografico enuove ¢ X
opportunita

5
<8 e
/ oS
< =x
< L
@ 4
2 Centro Paolo VI 4
s
o 0
o '”-{'),Q
= _ @ 7 N'ﬂ,\
- A\ 2, o i
. .- () .2 =, AN 2
e LY i e ii»”é

RIFLESSIONI E CONCLUSIONI

* | modelli danno indicazioni di (costo)efficacia con una flessibilita non
paragonabile con quella dei RCT

* Qualita dell’evidenza considerata inferiore nei percorsi strutturati di
revisione e decision-making

* Necessari nella lettura e interpretazione del dato espliciti elementi di
contesto (fattibilita, accettabilita, valutazione dell'importanza degli
outcomes)
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