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METHODS 
 
Baseline model descriptions and inputs 
 
The Harvard model is an individual-based (i.e., microsimulation) model of cervical 
carcinogenesis that tracks a birth cohort of individual women through a series of monthly 
transitions beginning at age 9 years over their lifetimes (1). Each month, a woman may 
acquire or clear an HPV infection, progress or regress to/from CIN2 or CIN3 and progress to 
invasive cervical cancer. In contrast to the other CISNET-cervix models, CIN2 and CIN3 are 
modeled as non-sequential precancerous health states with distinct probabilities of 
progression to cancer, whereas CIN1 is interpreted as a microscopic manifestation of acute 
HPV infection and is therefore incorporated into the HPV-infected state. Preclinical cancer 
may be detected through symptoms or may progress to a more advance clinical stage. Each 
month, all women are subjected to all-cause mortality and hysterectomy; women with 
cervical cancer additionally face excess mortality from cervical cancer. Transitions can be a 
function of age (i.e., HPV incidence), time spent in a health state (i.e., HPV clearance, 
precancer progression/regression), HPV genotype (HPV16, HPV18, HPV31, HPV33, HPV45, 
HPV52, HPV58, pooled other high-risk types, and pooled low-risk types), and history of HPV 
infection (natural immunity). Initial model parameterization of HPV incidence and clearance, 
progression and regression from CIN2 or CIN3 involved a multi-disciplinary approach 
requiring analysis of primary empirical data (2, 3), and supplemented by data from published 
literature (4, 5) and expert opinion. Finally, for parameters with high uncertainty, we relied on 
a multi-parameter calibration process (1, 6) to maximize correspondence between model-
projected outcomes and empirical targets (Supplementary Table 1). To capture uncertainty 
in the natural history process, all Harvard model outputs are reported as the mean, minimum 
and maximum across the 50 top-fitting natural history parameter sets.    
 
The MISCAN-cervix model is a microsimulation model originally developed to evaluate 
screening of disease. Individuals are simulated successively and independently of each 
other. The model produces output on the effects of screening procedures, morbidity and 
mortality, which can be used to explain and predict trends in cancer incidence and mortality, 
and to quantify the effects of primary and secondary prevention. The model consists of three 
parts: 1) demography, 2) natural history, and 3) screening. In the demography module, a 
large population of women from the age of 9 years until age of 100 years with individual life 
histories is simulated based on demographic and hysterectomy data. These women can 
acquire a high-risk HPV infection (HPV16, HPV18, pooled HPV31, HPV33, HPV45, HPV52, 
HPV58, and pooled other HR) that is either transient or leads to the development of CIN in 
the natural history module. Transitions are based on age- and HPV genotype specific 
probabilities that assign women to different natural history pathways that divide cervical 
disease into seven sequential stages: HPV infection; three precancerous stages (i.e., CIN 1, 
CIN 2, and CIN 3); and four invasive cancer stages (micro-invasive, local, regional, distant). 
Following transition to health state, the mean dwell times for HPV, CIN1, CIN2 and CIN3 do 
not vary by HPV genotype or age. The assumptions of the natural history of cervical cancer 
are based on literature, expert opinion and SEER-data. For example, HPV dwell time 
(mean=1 year; Weibull shape=1), CIN1 (mean=1.5 years; Weibull shape=1), and CIN2 
(mean=2 years; Weibull shape=1) are based on the literature (7-10). Similar to the other 
models, not all parameters can be obtained directly from data; therefore, these baseline input 
parameters, including HPV incidence and CIN3 dwell time and progression to cancer, were 
calibrated to fit the CISNET-defined empirical data from the US (Supplementary Table 1). 
To calibrate, we used a built-in optimization method, which is an adaptation of the Nelder-
Mead Simplex Method to optimize these and other parameters. 
 
Policy1-Cervix is a comprehensive model of HPV transmission, HPV vaccination, cervical 
precancer, cancer survival, screening, diagnosis and treatment. The platform has been used 
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to perform policy evaluations across a range of countries including Australia, England, New 
Zealand, USA and China (11-17). The model simulates HPV infection which can persist 
and/or progress to CIN1, CIN2, or CIN3; CIN 3 can then progress to invasive cervical cancer. 
Progression and regression rates depend on the underlying HPV types present (HPV16, 
HPV18, pooled HPV31, HPV33, HPV45, HPV52, HPV58, and pooled other high-risk types), 
and can also vary by age, generally being more aggressive in older women. This structure is 
consistent with estimates in the literature at the time of the model structure development (18-
22). Unique to Policy1-Cervix, the model incorporates more aggressive post-treatment 
natural history to capture increased risk of cervical precancer and cancer in women 
previously treated for precancer. Finally, in addition to the model inputs (e.g., background 
mortality) and calibration targets standardized across the CISNET models, Policy1-Cervix 
incorporates data reflecting improved survival for women with screen-detected cervical 
cancer compared to clinically-detected cervical cancer (e.g., via symptoms), based on 
published studies (23-25). The Policy1-Cervix model has been extensively validated against 
data from a range of settings (11, 15, 21, 26) including rates of HPV infection, high-grade 
disease and cervical cancer. 
 
The UMN-HPV CA model is a recently developed microsimulation model of the natural 
history of HPV infection, cervical pre-cancer, cancer, cancer survival, screening, follow up, 
diagnosis and treatment. Individual women cycle through the model from the age of 9 until 
death or age 100 years. During this time they can acquire a type-specific HPV infection 
(HPV16, HPV18, pooled HPV31, HPV33, HPV45, HPV52, HPV58, and pooled other high-
risk types) that can either clear or progress sequentially or non-sequentially through CIN 
grades 1, 2, and 3 to invasive cervical cancer. Transitions are a function of age and 
genotype, with other types generally being more aggressive with increasing age and severity 
of lesion. In the absence of screening, women can have their cancer (Stages I through IV) 
detected through symptoms or progress to a more advanced stage. Cancer survival is age 
and stage-specific. The model also accounts for background mortality and benign 
hysterectomy. Uncertain parameters (See Appendix Table 1) including HPV type-specific 
incidence and clearance, as well as CIN progression and regression are calibrated to 
CISNET-defined empirical data using a stochastic optimization algorithm (i.e., simulated 
annealing) and manual fine-tuning (Supplementary Table 1). Transition probabilities have 
been validated to multiple outcomes, including prospective data from a Canadian 
randomized controlled trial (27).  
 
All models applied common inputs from the U.S. population, including 2009 hysterectomy 
rates from the National Hospital Discharge Survey (28), all-cause mortality from the Berkeley 
Mortality Database (29), and conditional 5-year stage-specific cervical cancer survival from 
the Surveillance, Epidemiology, and End Results (SEER) program (30). 
 
For the imperfect compliance scenario, we assumed 70% compliance with primary testing 
and 90% compliance with follow-up management as recommended, including diagnostic 
colposcopy/biopsy and treatment to remove high-grade lesions. All models reflected test 
sensitivity and specificity of cytology for the presence (absence) of CIN2+ (72.7% and 91.9%, 
respectively), which were based on 18 studies identified in a systematic review (31). 
 
Key structural differences 
 

A direct comparison of model input values without taking into account differences in 
structure, underlying mechanism and functional forms used to model cervical cancer risk is 
not meaningful (32). Structurally, for three of the models, dwell times are estimated as a 
function of various transition probabilities between different disease states, whereas in the 
MISCAN-Cervix model, dwell time is used as a direct input into the model. MISCAN-cervix 
inputs and outputs are not identical due to other competing risks (such as background 
mortality or background hysterectomy). In general, the models can be grouped into three 
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categories according to what governs dwell times: transitions probabilities (Harvard, Policy1-
Cervix, UMN-HPV CA) or input dwell time (MISCAN-Cervix). For two models (Policy1-Cervix 
and UMN-HPV CA), transition probabilities (and therefore output dwell times) are a function 
of HPV genotype and age; for one model (Harvard), transition probabilities (and therefore 
output dwell times) are a function of HPV genotype and the duration of an infection or lesion, 
but not age; finally, in MISCAN-Cervix, dwell time inputs are invariant to HPV genotype, 
duration of infection or lesion, and age.  

 
Another key difference is that while all models calibrate multiple ‘uncertain’ parameters, the 
specifications of probabilities can differ between models. In three of the models, the 
calibration affects the probability of progressing or regressing at each discrete time step, 
which ultimately impacts the model output dwell time. In contrast, the calibration approach in 
the MISCAN-Cervix model, involves varying the states that individuals can transition to by 
age and HPV genotype, while the dwell time inputs for HPV, CIN1 and CIN2 are fixed. Such 
structural and parameter decisions were made independently by each team.  
 
Model fit to empirical data following model calibration 
 
The natural history models were fit to match common, standardized observed U.S. data on 
age-specific HPV prevalence and HPV genotype distribution in high-grade precancer (i.e., 
cervical intraepithelial neoplasia grades 2 (CIN2) or 3 (CIN3))), and age-specific genotype 
distribution in invasive cervical cancer from seven U.S. population-based cancer registries. 
The calibration process for MISCAN-Cervix, which differs from the other three models that 
predominately calibrate in the absence of screening, involves model fitting in the context of 
current screening behavior (33) based on screening attendance in New Mexico (34); 
therefore, a few additional calibration targets (i.e., 2007-2009 SEER cancer incidence rates, 
2007-209 SEER cancer stage distribution, CIN and cancer detection rates by age (35)) for 
MISCAN were agreed upon in working-group consensus meetings. The UMN-HPV CA model 
also used additional calibration targets for model fitting including historical cancer incidence 
from multiple tumor registries prior to widespread cytology-based screening, which is similar 
to the calibration approach described for another analysis (27). 
 
In a validation exercise following model calibration, we compared model outputs to age-
specific cancer incidence from the Connecticut Tumor Registry (36) prior to widespread 
cytology-based screening (1950-1969), as well as compared the cumulative proportion of 
detected cancers by age (Supplementary Figures 4 and 5). For the Harvard, MISCAN-
Cervix and Policy1-Cervix models, these data were not used directly in model 
parameterization or calibration but used to assess predictive validity for underlying cervical 
cancer risk (Supplementary Figure 4). 
 
 

ADDITIONAL RESULTS 
 
Additional results are provided in Supplementary Tables 2-5 and Supplementary Figures 8 
and 9.  
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Supplementary Table 1. Baseline model assumptions, parameters and sources 
 

  Microsimulation Model 

  Harvard MISCAN-Cervix Policy1-Cervix UMN-HPV CA 

  
Model transition 

assumption 
Parameter 
Calibrated 

Empirical 
data (ref) 

Model 
transition 

assumption 

Parameter 
Calibrated 

Empirical 
data (ref) 

Model 
transition 

assumption 

Parameter 
Calibrated 

Empirical 
data (ref) 

Model 
transition 

assumption 

Parameter 
Calibrated 

Empirical 
data (ref) 

Progression 

HPV 
incidence 

Age- and 
genotype-specific 

Yes (3) 
Age and 

genotype-
specific 

Yes 
See 

Footnotes* 

Age- and 
genotype-
specific 

Yes (37, 38) 
Age- and 
genotype-

specific 
Yes 

Footnote Refs 
1-7 

HPV to CIN1 N/A N/A N/A 

Age and 
genotype-
specific 
(fixed 

duration 
mean 1 year) 

Yes 
See 

Footnotes* 

Age- and 
genotype-
specific 

Yes Footnotes* 

Age and 
Genotype-

specific. HPV 
16 has higher 
progression 
rates by age. 

Yes 
Footnote Refs 

1,5,8-24 

HPV to CIN2 

Duration and 
genotype-specific 
(increases with 

persistence; 
HPV16 has 

highest 
carcinogenicity) 

Yes 
(only after 

year 5) 
(2) N/A N/A N/A 

Age- and 
genotype-
specific 

Yes Footnotes* 

Age and 
Genotype-

specific. HPV 
16 has higher 
progression 
rates by age 

Yes   

HPV to CIN3 

Duration and 
genotype-specific 
(increases with 

persistence; 
HPV16 has 

highest 
carcinogenicity) 

Yes; only 
after year 5 

(2) N/A N/A N/A N/A N/A N/A 

Age and 
Genotype-

specific. HPV 
16 has higher 
progression 
rates by age 

Yes   

CIN1 to 
CIN2 

N/A N/A N/A 

Age and 
genotype-
specific  
(fixed 

duration 
mean 1.5 

years) 

Yes 
See 

Footnotes* 

Age- and 
genotype-
specific 

Yes Footnotes* 

Age- and 
genotype-

specific. HPV 
16 has higher 
progression 
rates by age 

than other types 

Yes   
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  Microsimulation Model 

  Harvard MISCAN-Cervix Policy1-Cervix UMN-HPV CA 

  
Model transition 

assumption 
Parameter 
Calibrated 

Empirical 
data (ref) 

Model 
transition 

assumption 

Parameter 
Calibrated 

Empirical 
data (ref) 

Model 
transition 

assumption 

Parameter 
Calibrated 

Empirical 
data (ref) 

Model 
transition 

assumption 

Parameter 
Calibrated 

Empirical 
data (ref) 

CIN2 to 
CIN3 

N/A N/A N/A 

Age and 
genotype-
specific  
(fixed 

duration 
mean 2 
years) 

Yes 
See 

Footnotes* 

Age- and 
genotype-
specific 

Yes Footnotes* 

Age- and 
genotype-

specific. HPV 
16 has higher 
progression 
rates by age 

than other types 

Yes   

CIN2 to 
Cancer 

Duration and 
genotype-specific 
(increasing with 

persistence; 
HPV16 has 

highest 
carcinogenicity) 

Yes (5) N/A N/A N/A N/A N/A N/A N/A N/A N/A 

CIN3 to 
Cancer 

Duration and 
genotype-specific 
(increases with 

persistence; 
HPV16 has 

highest 
carcinogenicity) 

Yes (5) 

Genotype 
specific. 

Technically, 
progression 
chances are 
independent 
of duration. 

Yes 
See 

Footnotes* 

Age- and 
genotype-
specific 

Yes  (5) 

Age- and 
genotype-
specific; 

increases with 
increasing age. 
Other high risk 

types have 
higher 

progression 
rates at older 

ages 

Yes   

Cancer 
detection 

Exponential, 
stage-specific 

Yes (39) 
Age and 

stage-specific 
Yes   

Age- and 
stage-specific 

Yes 
See 

Footnotes* 
Exponential, 

stage-specific 
No (39) 

Cancer 
progression 

Exponential, 
stage-specific 

Yes (39) 
Age and 

stage-specific 
Yes   

Age- and 
stage-specific 

Yes 
See 

Footnotes* 
Exponential, 

stage-specific 
No (39) 

Regression 

HPV 
clearance 

Duration- and 
genotype-specific 
(decreasing with 

persistence; 
HPV16 less likely 

to clear) 

No 
Primary 
data (2) 

Age and 
genotype -

specific 
Yes 

See 
Footnotes* 

Age- and 
genotype-
specific 

Yes 
See 

Footnotes* 

Age- and 
genotype-
specific; 

decreases with 
increasing age. 

HPV16 less 
likely to clear 

Yes   

CIN1 to 
Normal 

N/A  N/A 
Genotype -

specific 
Yes 

See 
Footnotes* 

Age- and 
genotype-
specific 

Yes 
See 

Footnotes* 

 
Age- and 
genotype-
specific; 

Yes   
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  Microsimulation Model 

  Harvard MISCAN-Cervix Policy1-Cervix UMN-HPV CA 

  
Model transition 

assumption 
Parameter 
Calibrated 

Empirical 
data (ref) 

Model 
transition 

assumption 

Parameter 
Calibrated 

Empirical 
data (ref) 

Model 
transition 

assumption 

Parameter 
Calibrated 

Empirical 
data (ref) 

Model 
transition 

assumption 

Parameter 
Calibrated 

Empirical 
data (ref) 

decreases with 
increasing age. 

HPV16 less 
likely to clear. 

CIN2 to 
Normal 

Duration- and 
genotype-specific 
(decreasing with 

persistence; 
HPV16 less likely 

to clear) 

No (4) 
Genotype -

specific 
Yes 

See 
Footnotes* 

Age- and 
genotype-
specific 

Yes 
See 

Footnotes* 

 
Age- and 
genotype-
specific; 

decreases with 
increasing age. 

HPV16 less 
likely to clear. 

Yes   

CIN3 to 
Normal 

Duration- and 
genotype-specific 
(decreasing with 

persistence; 
HPV16 less likely 

to clear) 

No (4) 
Genotype -

specific 
Yes 

See 
Footnotes* 

N/A N/A N/A 

 
Age- and 
genotype-
specific; 

decreases with 
increasing age. 

HPV16 less 
likely to clear. 

Yes   

CIN3 to 
CIN2 

N/A N/A N/A N/A N/A N/A 
Age- and 
genotype-
specific 

Yes 
See 

Footnotes* 

 
Age- and 
genotype-
specific; 

decreases with 
increasing age. 

HPV16 less 
likely to clear.   

Yes   

CIN2 to 
CIN1 

N/A N/A N/A N/A N/A N/A 
Age- and 
genotype-
specific 

Yes 
See 

Footnotes* 

Age- and 
genotype-
specific; 

decreases with 
increasing age. 

HPV16 less 
likely to clear. 

Yes   

Footnotes 
(MISCAN-
Cervix) 

*The parameters above were calibrated grouped together in a three- steps calibration approach in the context of screening (33) (see main manuscript Methods for additional calibration targets).  
**As in the MISCAN model, following the input dwell time in a given health state, we calibrate the progression and regression rates within the context of screening, our screening assumptions might 
influence the natural history of the disease. HPV dwell time (mean=1 year; Weibull shape=1), CIN1 (mean=1.5 years; Weibull shape=1), and CIN2 (mean=2 years; Weibull shape=1) are based on the 
literature [7-10]. 
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  Microsimulation Model 

  Harvard MISCAN-Cervix Policy1-Cervix UMN-HPV CA 

  
Model transition 

assumption 
Parameter 
Calibrated 

Empirical 
data (ref) 

Model 
transition 

assumption 

Parameter 
Calibrated 

Empirical 
data (ref) 

Model 
transition 

assumption 

Parameter 
Calibrated 

Empirical 
data (ref) 

Model 
transition 

assumption 

Parameter 
Calibrated 

Empirical 
data (ref) 

Footnotes 
(Policy1-
Cervix) 

Policy1-Cervix: *These parameters were all calibrated together as part of a large calibration exercise using the following targets: 
- Incidence of HPV 16, HPV18 and oncogenic HPV types other than HPV16/18, pre-vaccination (37) and (38) 
- Cervical cancer incidence by stage and age; Data obtained from ACIM (Australian Cancer Incidence and Mortality) Books (40) 
- Cervical cancer mortality by stage and age; Data obtained from ACIM (Australian Cancer Incidence and Mortality) Books (40) 
- High grade histology rate in women screened 20-69 years; Data obtained from Cervical screening in Australia 2010-2011 (41) 
- Low-grade cytology abnormalities detected in women 20-69 years; Data obtained from Cervical screening in Australia 2010-2011 (41) 
- High-grade cytology abnormalities detected in women 20-69 years; Data obtained from Cervical screening in Australia 2010-2011 (41) 
- Age-standardized annual progression rate from CIN3 to asymptomatic localized cancer (5) 

Footnotes  
(UMN-HPV 
CA) 
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Supplementary Table 2.  Summary of the median age (years) of causal high-risk human 
papillomavirus (HPV) infection under assumptions of no screening (i.e., natural history), 
imperfect compliance to triennial cytology-based screening (HPV triage for atypical cells of 
undetermined significance (ASCUS)), and perfect compliance to triennial cytology-based 
screening.  
 
  

  Microsimulation Model 

  Harvard MISCAN-Cervix Policy1-Cervix UMN HPV-CA 

Natural 
History 20.8 34.0 22.8 19.1 

Imperfect 
Screening 
Compliance* 25.4 49.9 27.9 25.1 

Perfect 
Screening 
Compliance 35.6 56.2 45.2 47.8 

*Screening assumes 70% compliance triennial cytology-based testing between ages 
21 and 65 years and 90% compliance to follow-up, colposcopy and treatment 
recommendations. 
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Supplementary Table 3. Mean, median and interquartile range (IQR) dwell times (years) for 
women that developed invasive cervical cancer across preclinical phases of cancer 
development, stratified by any high-risk (hr) human papillomavirus (HPV) infection, HPV16 
infections, and non-HPV16 infections.*  

 

Dwell time stage 

Microsimulation Model 

Policy1-
Cervix 

MISCAN-
Cervix Harvard 

UMN-
HPV CA 

HPV/CIN1 dwell time         
Mean: Any hrHPV 5.2 2.6 9.9 (8.8-11.2) 4.7 

Median: Any hrHPV 4.0 2.2 8.0 (7.2-9) 4.0 
Interquartile range: Any 

hrHPV 2-7 1.2-3.5 
5.5-13.9 

2-6 

Mean: HPV16 5.7 2.6 6.9 (6.3-7.9) 4.2 
Median: HPV16 5.0 2.2 6.7 (6.3-7.4) 3.0 

Interquartile range: HPV16 2-8 1.2-3.5 5.1-10.2 1-6 

Mean: non-HPV16 4.8 2.6 13.6 (12.1-15.6) 5.4 
Median: non-HPV16 4.0 2.2 11.7 (9.8-13.7) 4.0 

IQR range: non-HPV16 2-6 1.2-3.5 6.4-21.5 2-7 

CIN2/3 dwell time     
 

  
Mean: Any hrHPV 19.0 11.0 15.8 (14.3-16.6) 20.0 

Median: Any hrHPV 16.0 8.2 13.3 (11.8-14.2) 17.0 
Interquartile range: Any 

hrHPV 8-27 4.2-15.0 
6.5-23.6 

8-29 

Mean: HPV16 20.9 11.0 13.9 (12.7-14.5) 21.5 
Median: HPV16 18.0 8.2 11.7 (10.5-12.4) 18.0 

Interquartile range: HPV16 10-30 4.2-15.0 5.91-20.8 10-30 

Mean: non-HPV16 17.1 11.1 18.2 (16.4-19.4) 17.7 
Median: non-HPV16 14.0 8.3 16.1 (14-17.8) 14.0 

IQR range: non-HPV16 7-24 4.2-15.0 6.8-28.1 6-27 

Sojourn dwell time     
 

  
Mean: Any hrHPV 4.1 6.1 3.1 (3-3.1) 3.6 

Median: Any hrHPV 3.0 5.3 2.3 (2.3-2.3) 3.0 
Interquartile range: Any 

hrHPV 2-5 3.1-8.2 
 1.0-4.6 

2-5 

Mean: HPV16 4.2 6.1 3.1 (3.0-3.1) 3.6 
Median: HPV16 3.0 5.3 2.3 (2.3-2.4) 3.0 

Interquartile range: HPV16 2-5 3.1-8.2 1.1-4.3 2-5 

Mean: non-HPV16 4.0 6.1 3.0 (3.0-3.1) 3.5 
Median: non-HPV16 3.0 5.3 2.3 (2.2-2.3) 3.0 

IQR range: non-HPV16 2-5 3.1-8.3 1.0-4.3 2-5 

Total dwell time     
 

  
Mean: Any hrHPV 28.3 19.8 28.8 (27.6-29.9) 28.3 

Median: Any hrHPV 26.0 17.5 25.7 (24.5-26.6) 25.0 
IQR range: Any hrHPV 17-37 12.2-25.0 16.7-39.6 16-38 

Mean: HPV16 30.7 19.7 23.9 (23.2-24.6) 29.3 
Median: HPV16 29.0 17.5 22.0 (21.3-22.8) 26.0 

IQR range: HPV16 20-40 12.2-24.9 15.3-31.1 17-38 

Mean: non-HPV16 25.9 19.8 34.8 (33-36.3) 26.7 
Median: non-HPV16 23.0 17.6 33.7 (31.2-35.8) 24.0 

IQR range: non-HPV16 16-34 12.3-25.0 19.3-47.9 14.5-37.0 

*For the Harvard model, error bars reflect the min and max IQR values across the 50 
good-fitting parameter sets. Cervical intraepithelial neoplasia (CIN). 
 

 
 



12 
 

Supplementary Table 4. Mean, median and interquartile range (IQR) dwell times (years) for 
women that developed invasive cervical cancer assuming imperfect compliance to screening 
guidelines stratified by any high-risk (hr) human papillomavirus (HPV) infection, HPV16 
infections, and non-HPV16 infections. 
 

Dwell time stage 

Microsimulation Model 

Policy1-
Cervix 

MISCAN-
Cervix Harvard 

UMN-
HPV CA 

HPV/CIN1 dwell time         
Mean: Any hrHPV 8.4 2.5 9.2 (8.3-1) 4.5 

Median: Any hrHPV 5.0 2.1 7.7 (7.1-8.6) 3.0 
Interquartile range: Any hrHPV 2-9 1.2-3.4 5.4-12.1 2-7 

Mean: HPV16 8.8 2.5 6.9 (6.5-7.8) 3.8 
Median: HPV16 5.0 2.1 6.8 (6.4-7.5) 3.0 

Interquartile range: HPV16 3-10 1.2-3.4 5.12-10.2 1-6 

Mean: non-HPV16 8.0 2.5 12.7 (11.1-16.3) 5.4 
Median: non-HPV16 4.0 2.1 10.0 (8.8-11.2) 4.0 

Interquartile range: non-HPV16 2-8 1.2-3.3 6.3-22.5 2-7 

CIN2/3 dwell time         
Mean: Any hrHPV 11.7 7.2 6.9 (6.5-7.1) 10.9 

Median: Any hrHPV 8.0 5.0 5.5 (5.1-5.8) 6.0 
Interquartile range: Any hrHPV 4-16 2.5-9.5 2.5-9.3 2-14 

Mean: HPV16 13.2 7.1 6.8 (6.3-7.1) 13.1 
Median: HPV16 9.0 5.0 5.6 (5.3-5.8) 8.0 

Interquartile range: HPV16 4-18 2.5-9.5 2.8-9.3 4-18 

Mean: non-HPV16 10.5 7.2 7 (6.8-7.4) 8.2 
Median: non-HPV16 7.0 5.0 5.2 (4.8-5.6) 4.0 

Interquartile range: non-HPV16 4-14 2.6-9.5 2.1-9.8 2-9 

Sojourn dwell time         
Mean: Any hrHPV 3.0 4.1 2.1 (2.1-2.1) 2.7 

Median: Any hrHPV 2.0 3.2 1.5 (1.5-1.6) 2.0 
Interquartile range: Any hrHPV 1-4 1.6-5.8 0.7-3.0 1-4 

Mean: HPV16 3.1 4.1 2.1 (2.1-2.1) 2.8 
Median: HPV16 2.0 3.2 1.5 (1.5-1.6) 2.0 

Interquartile range: HPV16 1-4 1.5-5.7 0.7-3.0 1-4 

Mean: non-HPV16 2.9 4.1 2.1 (2-2.1) 2.5 
Median: non-HPV16 2.0 3.2 1.5 (1.5-1.6) 2.0 

Interquartile range: non-HPV16 1-4 1.6-5.8 0.7-3.0 1-4 

Total dwell time         
Mean: Any hrHPV 23.0 13.8 18.2 (17.3-19.6) 18.1 

Median: Any hrHPV 18.0 12.0 15.3 (14.9-15.8) 14.0 
Interquartile range: Any hrHPV 12-31 7.9-17.7 12.4-22.6 8-23.5 

Mean: HPV16 25.1 13.8 15.8 (15.4-16.2) 19.7 
Median: HPV16 21.0 12.0 14.5 (14.3-14.9) 15.0 

Interquartile range: HPV16 13-34 7.9-17.7 12.0-19.1 9-25 

Mean: non-HPV16 21.4 13.8 21.8 (20.2-25.2) 16.1 
Median: non-HPV16 17.0 12.0 17.6 (16.6-19.5) 12.0 

Interquartile range: non-HPV16 11-28 7.9-17.8 13.0-34.3 8-20 

*Screening involved HPV triage for atypical cells of undetermined significance (ASCUS). 
Imperfect compliance assumes 70% compliance to primary screening and 90% 
compliance to follow-up management, including colposcopy/biopsy and precancer 
treatment. The Harvard values reflect the mean, min and max across the 50 good-fitting 
natural history parameter sets. Cervical intraepithelial neoplasia (CIN) 
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Supplementary Table 5. Mean, median and interquartile range (IQR) dwell times (years) for 
women that developed invasive cervical cancer assuming perfect compliance to screening 
guidelines.*  
 

Dwell time stage 

Microsimulation Model 

Policy1-
Cervix 

MISCAN-
Cervix Harvard 

UMN-
HPV CA 

HPV/CIN1 dwell time         
Mean: Any hrHPV 12.2 2.5 9.8 (8.2-12.1) 4.4 

Median: Any hrHPV 6.0 2.1 8.0 (7.1-9.3) 3.0 
Interquartile range: Any hrHPV 3-14 1.2-3.4 5.4-13.3 1-6 

Mean: HPV16 13.6 2.5 6.98 (6.3-8) 3.3 
Median: HPV16 7.0 2.1 7.0 (6.3-8) 2.0 

Interquartile range: HPV16 3-17 1.2-3.4 5.1-10.3 1-4 

Mean: non-HPV16 11.2 2.5 13.5 (11.2-17.8) 5.6 
Median: non-HPV16 5.0 2.1 10.5 (8.8-13.2) 4.0 

Interquartile range: non-HPV16 2-12 1.2-3.4 6.3-24.4 2-8 

CIN2/3 dwell time         
Mean: Any hrHPV 5.7 7.4 5.9 (5.3-6.2) 4.3 

Median: Any hrHPV 4.0 5.2 4.2 (3.6-4.7) 3.0 
Interquartile range: Any hrHPV 2-8 2.4-10.2 1.5-8.3 2-6 

Mean: HPV16 5.8 7.4 5.8 (5-6.3) 5.2 
Median: HPV16 5.0 5.2 4.4 (3.6-5) 4.0 

Interquartile range: HPV16 2-8 2.4-10.2 1.7-8.4 2-7 

Mean: non-HPV16 5.7 7.4 6 (5.5-6.5) 3.3 
Median: non-HPV16 4.0 5.2 3.9 (3.3-4.5) 2.0 

Interquartile range: non-HPV16 2-8 2.4-10.1 1.3-8.9 1-4 

Sojourn dwell time         
Mean: Any hrHPV 2.1 3.8 1.9 (1.8-2) 2.1 

Median: Any hrHPV 2.0 2.6 1.3715 (1.3-1.4) 2.0 
Interquartile range: Any hrHPV 1-3 1.2-5.4 0.6-2.7 1-3 

Mean: HPV16 2.1 3.8 1.9 (1.8-2) 2.1 
Median: HPV16 2.0 2.6 1.4 (1.3-1.5) 1.0 

Interquartile range: HPV16 1-3 1.2-5.4 0.6-2.6 (0.5-2.8) 1-3 

Mean: non-HPV16 2.1 3.8 1.9 (1.8-2.1) 2.1 
Median: non-HPV16 2.0 2.7 1.3 (1.3-1.4) 2.0 

Interquartile range: non-HPV16 1-3 1.21-5.4 0.5-2.8 1-3 

Total dwell time         
Mean: Any hrHPV 20.0 13.7 17.6 (16.3-19.9) 10.8 

Median: Any hrHPV 13.0 12.1 14.5 (13.9-15.3) 10.0 
Interquartile range: Any hrHPV 8-24 7.4-18.2 11.5-23.8 7-14 

Mean: HPV16 21.5 13.8 14.7 (14.1-15.2) 10.6 
Median: HPV16 15.0 12.2 13.5 (13.2-14.0) 9.0 

Interquartile range: HPV16 9.0-26.0 7.4-18.2 11.0-17.9 7.0-13.0 

Mean: non-HPV16 19.0 13.6 21.4 (18.7-26.0) 10.9 
Median: non-HPV16 13.0 12.1 16.9 (15.1-21.7) 10.0 

Interquartile range: non-HPV16 8.0-22.0 7.4-18.1 12.1-35.8 7.0-14.0 

* Screening involved HPV triage for atypical cells of undetermined significance (ASCUS). 
The Harvard values reflect the mean, min and max across the 50 good-fitting natural 
history parameter sets. Cervical intraepithelial neoplasia (CIN). 
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FIGURES
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Supplementary Figure 1. Age- and genotype-specific human papillomavirus (HPV) 
prevalence. Empirical calibration targets (black lines), derived from the New Mexico HPV 
Pap Registry (42) (updated via personal communication), and model fit to empirical data from 
each CISNET model cite (colored lines). Note that in MISCAN-Cervix HPV prevalence 
represents the prevalence of progressive HPV lesions that will lead to cancer, which reflect 
only a proportion of the total HPV prevalence in the population.  
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Supplementary Figure 2. Genotype-specific frequency among human papillomavirus 
(HPV)-positive cervical intraepithelial neoplasia (CIN) grades 1, 2 and 3. Empirical calibration 
targets (black and grey bars), derived from (43), and model fit to empirical data for each 
CISNET model (colored dots). Models that include low-risk HPV types (i.e., Harvard) fit to 
target data corrected for any HPV+ (i.e., removal of HPV-negatives), while models that 
include only high-risk HPV fit to target data corrected for hrHPV+ (i.e., removal of HPV-
negatives and low-risk HPVs).  
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Supplementary Figure 3. Age- and genotype-specific frequency among human 
papillomavirus (HPV)-positive cervical cancers. Empirical calibration targets (black or grey 
bars), derived from (44), and model fit to empirical data for each CISNET model (colored 
lines). Models that reflect squamous cell carcinoma (SCC) (i.e., Harvard) fit to the ‘SCC 
target’ data (black), while models that reflect all cervical cancer histologies fit to the ‘Total 
target’ data (grey). 
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Supplementary Figure 4. Model validation to age-specific cervical cancer incidence prior to 
cytology-based screening, derived from the Connecticut Tumor Registry (CTR) 1950-1969 
(black lines) (36), and model fit (colored lines). Model outputs adjust for hysterectomy rates 
projected for a 2009 birth cohort, which may be lower than historical rates. Note that UMN-
HPV CA used cancer incidence from Cancer in 5 Countries (45, 46) as a formal calibration 
target. 
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Supplementary Figure 5. Cumulative proportion of detected (i.e., clinical) cancers by age 
(years) in the absence of screening or human papillomavirus (HPV) vaccination (i.e., natural 
history) policies.  
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Supplementary Figure 6. Age-specific cervical cancer incidence in the context of triennial 
cytology-based screening assuming imperfect compliance to screening guidelines (screening 
compliance assumes 70% compliance to primary screening and 90% compliance to follow-
up, colposcopy and treatment recommendations). Model output (colored lines). 
 

 
 
 
Supplementary Figure 7. Age-specific cervical cancer incidence in the context of triennial 
cytology-based screening assuming perfect compliance to screening. Model output (colored 
lines). 
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Supplementary Figure 8. Cumulative proportion of the causal high-risk human 
papillomavirus (HPV) infection by age for the natural history and in the context of triennial 
cytology-based screening (HPV triage for atypical-cells of undetermined significance 
(ASCUS)) assuming perfect screening compliance to guidelines.   
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Supplementary Figure 9. Median dwell times (years) for women that developed invasive 
cervical cancer in the context of triennial cytology-based screening (human papillomavirus 
(HPV) triage for atypical-cells of undetermined significance (ASCUS)) assuming perfect 
screening compliance to guidelines.  
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