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Abstract

Background: The natural history of human papillomavirus (HPV)-induced cervical cancer (CC) is not directly observable, yet
the age of HPV acquisition and duration of preclinical disease (dwell time) influences the effectiveness of alternative
preventive policies. We performed a Cancer Intervention and Surveillance Modeling Network (CISNET) comparative modeling
analysis to characterize the age of acquisition of cancer-causing HPV infections and implied dwell times for distinct phases of
cervical carcinogenesis.
Methods: Using four CISNET-cervical models with varying underlying structures but fit to common US epidemiological data,
we estimated the age of acquisition of causal HPV infections and dwell times associated with three phases of cancer develop-
ment: HPV, high-grade precancer, and cancer sojourn time. We stratified these estimates by HPV genotype under both natural
history and CC screening scenarios, because screening prevents cancer development that affects the mix of detected cancers.
Results: The median time from HPV acquisition to cancer detection ranged from 17.5 to 26.0 years across the four models.
Three models projected that 50% of unscreened women acquired their causal HPV infection between ages 19 and 23 years,
whereas one model projected these infections occurred later (age 34 years). In the context of imperfect compliance with US
screening guidelines, the median age of causal infection was 4.4–15.9 years later compared with model projections in the ab-
sence of screening.
Conclusions: These validated CISNET-CC models, which reflect some uncertainty in the development of CC, elucidate impor-
tant drivers of HPV vaccination and CC screening policies and emphasize the value of comparative modeling when evaluating
public health policies.

Despite intensive cervical cancer (CC) control efforts in the
United States, an estimated 13 240 women developed CC and
more than 4170 died from CC in 2018 (1). Ongoing evaluations of
alternative screening modalities [eg, primary human papilloma-
virus [HPV]-based screening (2)] and expanded use of HPV vacci-
nation (eg, up to age 45 years as recently evaluated by the US
Advisory Committee on Immunization Practices) examine new
opportunities to further reduce the burden of CC; however, the
optimal combination and use of these interventions has not
reached consensus in the United States (2).

Understanding the natural history pathway of HPV to CC can
provide guidance in HPV vaccination and screening policies (3);
however, much of this pathway is unobservable. For example,
the age at which women acquire their “causal” HPV infection—

the HPV infection that develops into invasive CC—is an impor-
tant determinant of vaccine impact at different ages. Currently
available HPV vaccines, which are prophylactic, would have di-
minished population-level impact if administered to women af-
ter the peak age of causal infections (4). Similarly, the length of
time between HPV acquisition and cancer development is criti-
cal in determining the optimal frequency and target ages of pre-
ventive screening interventions.

Clinical studies can neither differentiate causal infections
nor follow a cohort for the decades required to observe the pro-
gression to invasive cancer; they do, however, provide indirect
information on these processes. This information can inform
mathematical simulation models, which are increasingly being
used to capture the complex natural history process and project
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the health benefits and economic consequences of alternative
CC prevention approaches. Although numerous CC models
have been developed worldwide (5), direct comparisons be-
tween model structures and projections are limited, particularly
comparisons that have standardized the epidemiological set-
ting and common inputs. Because model-based analyses are in-
creasingly being used for US policy guidance (6) and model
complexity increases, a more comprehensive understanding of
model structures and assumptions is imperative to improve
model transparency and provide decision makers with confi-
dence in model-based results (7). Model comparisons can also
generate insights on unobservable epidemiological phases of
the carcinogenic process.

The CC working group of the Cancer Intervention and
Surveillance Modeling Network (CISNET-cervical) comprises
four independently developed microsimulation models of HPV
infection and cervical carcinogenesis and one model of HPV-
HIV coinfection. These models can be used to conduct standard-
ized, comparative analyses to enhance model transparency and
help guide public health research and priorities (https://cisnet.
cancer.gov/). We leveraged multiple models to gain insights on
the natural history of CC and the impact of screening interven-
tions using four independent CC models. In this analysis, we
compared the underlying natural history of CC by estimating

the dwell times for preclinical phases of cervical disease and
characterizing the age of acquisition of causal HPV infections
among women who develop clinical CC. Second, we describe
how CC screening may, by selection, influence the timing of
these key events.

Methods

Analytic Overview

Four CISNET-cervical microsimulation models (Harvard,
Microsimulation Screening Analysis [MISCAN]-Cervix [Erasmus
Medical Center], Policy1-Cervix [Cancer Council NSW], and
University of Minnesota-HPV Cancer [UMN-HPV CA]) were used
to project outcomes for a hypothetical cohort of individual
women. All models applied common inputs from the US popu-
lation and were fit to match common, standardized observed
data in the United States but varied in their underlying structure
and assumptions of the carcinogenic process (Table 1;
Supplementary Table 1, available online). For women diagnosed
with CC in the absence of screening or vaccination, the models
estimated the age of acquisition of the causal HPV infection and
dwell times associated with phases of cancer development,

Table 1. Key attributes of the four microsimulation models of the CISNET-cervical working group: Harvard, MISCAN-Cervix, Policy1-Cervix, and
UMN-HPV CA

Key attribute

Microsimulation model

Harvard MISCAN-Cervix Policy1-Cervix UMN-HPV CA

Model structure
Dynamic (interactive)

or static
(noninteractive)*

Static Static Static Static

Mode of analysis, sim-
ulating life histories

Individual based Individual based Individual based Individual based

Cycle length Monthly Continuous time 6- or 12-monthly Annual
HPV infection

HPV types included HPV16, HPV18, HPV31,
HPV33, HPV45, HPV52,
HPV58, pooled other
high-risk HPV, pooled
other low-risk HPV

HPV16; HPV18; pooled
31, 33, 45, 52, 58; and
pooled high-risk
genotypes

HPV16; HPV18; pooled
31, 33, 45, 52, 58; and
pooled high-risk
genotypes

HPV16; HPV18; pooled
31, 33, 45, 52, 58; and
pooled other high-risk
types

Natural immunity Reduced probability of
future type-specific
infection

Reduced probability of
future infection
linked from dynamic
model

Reduced probability of
future type-specific
infection from dy-
namic model

Reduced probability of
future type-specific
infection

Cervical carcinogenesis
Health states included Healthy, HPV, CIN2,

CIN3, cancer (stage
specific)

Healthy, HPV, CIN1,
CIN2, CIN3, cancer
(stage specific)

Healthy, HPV, CIN1,
CIN2, CIN3, cancer
(stage specific)

Healthy, HPV, CIN1,
CIN2, CIN3, cancer
(stage specific)

Progression and re-
gression transitions

Age-specific, HPV and
lesion persistence

Age- and type-specific Age- and type-specific Age- and type-specific

Model calibration
Calibrated parameters HPV incidence, HPV and

CIN progression; HPV
natural immunity;
cancer symptom de-
tection; progression
of undetected asymp-
tomatic cancer by
stage

HPV and CIN progres-
sion and regression;
duration of CIN3; can-
cer stages; cancer
symptom detection;
cytology test
characteristics

HPV and CIN progres-
sion and regression
rates; undetected
asymptomatic cancer
by stage

HPV incidence; CIN pro-
gression and regres-
sion rates; HPV
natural immunity,
cancer symptom
detection

*All modeling groups have a companion dynamic transmission model. CIN ¼ cervical intraepithelial neoplasia; CISNET ¼ Cancer Intervention and Surveillance

Modeling Network; HPV ¼ human papillomavirus; MISCAN ¼Microsimulation Screening Analysis; UMN-HPV CA ¼ University of Minnesota-HPV Cancer.
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including “HPV/CIN1 dwell time,” defined as the time from acquisi-
tion of an HPV infection to development of a high-grade precancer
(cervical intraepithelial neoplasia grade 2 [CIN2] and/or grade 3
[CIN3]); “high-grade precancer dwell time,” defined as the time
from development of a high-grade precancer (CIN2 and/or CIN3) to
asymptomatic cancer development; cancer “sojourn time,” defined
as the time from asymptomatic cancer development to clinical de-
tection; and “total dwell time,” defined as the time from HPV acqui-
sition to cancer detection (Figure 1). Conditioned on developing
cancer, we stratified these estimates by high-risk HPV, HPV16, and
non-HPV16 genotypes. For each model, we calculated the median
age of causal HPV infection and dwell times but also reported the
interquartile ranges (IQR) and means.

Because dwell times and the age of causal infections are likely
altered in the presence and intensity of screening (eg, because of
screening’s preferential detection of precancers with longer dwell
time during screening ages [ie, ages 21–65 years]) and to facilitate
comparability with existing studies, we also projected these esti-
mates in the context of imperfect compliance to US screening
guidelines and full compliance to US screening guidelines.
Screening scenarios involved triennial cytology-based screening
with reflex HPV testing for women with atypical cells of undeter-
mined significance and direct referral to diagnostic colposcopy for
women with low-grade cytology results or worse.

Microsimulation Models

Each of the four CISNET-cervical models simulates the underly-
ing natural history of HPV-induced CC (Figure 1) but differs
structurally with respect to the type and number of health
states, HPV genotype categorizations, cycle length, and data
sources used to parameterize the baseline model before model
fitting to the US setting (Table 1).

Brief model descriptions summary of key differences are
available in the Supplementary Methods (available online), and
standardized profiles of each model’s structure and underlying
model parameters and assumptions, with additional references,
are available at http://cisnet.cancer.gov/profiles/.

Calibration and Validation

The CISNET-cervical working group identified US calibration
targets from epidemiological studies, including age- and

genotype-specific HPV prevalence (8); HPV genotype distribu-
tion in CIN1, CIN2, and CIN3 (9); and age-specific HPV geno-
type distribution in invasive CC from seven US population-
based cancer registries (10). To standardize each model to the
US- specific HPV and cervical disease burden, selected param-
eters from each model (see Supplementary Table 1, available
online) were adjusted to fit these standardized common data
sources (ie, calibration targets). In general, all four models
showed good fit to the standardized common calibration tar-
gets (Supplementary Figures 1–3, available online). In a valida-
tion exercise, model outputs were generally consistent with
age-specific cancer incidence from the Connecticut Tumor
Registry (11) before widespread cytology-based screening
(1950–1969) as well as the cumulative proportion of detected
cancers by age (Supplementary Figures 4 and 5, available
online).

Results

Dwell Times

In the absence of primary (ie, HPV vaccination) or secondary (ie,
screening) prevention, there were important similarities and
differences among the natural history models with respect to
the duration of preclinical disease and their variation by HPV
genotype (Figure 2, left panels). The total median dwell time
from acquisition of a high-risk HPV infection to cancer detection
was shortest for MISCAN-Cervix (17.5 years, IQR ¼ 12.2–
25.0 years), followed by UMN-HPV CA (25.0 years, IQR ¼ 16.0–
38.0 years), Harvard (25.7 years, IQR ¼ 16.7–39.6 years), and
Policy1-Cervix (26.0 years, IQR ¼ 17.0–37.0 years) (Figure 2A;
Supplementary Table 3, available online). When we stratified by
HPV genotype, the Harvard model projected a shorter median
total dwell time for HPV16-related cancers compared with non-
HPV16-related cancers (ie, 22.0 vs 33.7 years), whereas Policy1-
Cervix and UMN-HPV CA projected total median dwell times
that were 2–6 years longer for HPV16-related cancers compared
with non-HPV16-related cancers. MISCAN-Cervix did not project
differences in median dwell times for HPV16-related vs non-
HPV16-related cancers. For all models, the mean dwell times
were generally longer than the median dwell times (19.8–
28.8 years), but the overall trends across models and HPV geno-
types remained consistent (Supplementary Table 3, available
online).

Figure 1. General schematic of the natural history pathway of cervical cancer for distinct preclinical dwell times. For models that allow regression from a high-grade

precancer to human papillomavirus (HPV) infection and progression back to high-grade precancer before progressing to invasive cancer, we assumed the time spent in

each health state, regardless of sequential progression, contributed to the respective dwell times. The analysis stratified HPV-16, HPV-18, and other non-HPV16 or -

HPV18 types. The Harvard model does not include an explicit CIN1 health state because it is interpreted as a microscopic manifestation of acute HPV infection and is

therefore incorporated into the HPV-infected state. The Harvard model allows for nonsequential progression from HPV to cervical intraepithelial neoplasia grades 2

(CIN2) or 3 (CIN3). The natural history state of CIN at any grade is not the same as what is observed in the real world because of screening detection limitations.

A
R

T
IC

LE

E. A. Burger et al. | 957

https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz227#supplementary-data
http://cisnet.cancer.gov/profiles/
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz227#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz227#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz227#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz227#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz227#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz227#supplementary-data


When we stratified dwell times by preclinical phases, we
found that the median dwell time of HPV and CIN1 for any
high-risk HPV infections ranged from 2.2 years (MISCAN-Cervix)
to 8.0 years (Harvard) (Figure 2C). For high-grade precancers, the
median dwell times for any high-risk HPV infections were the
shortest for MISCAN-Cervix (8.2 years) and longest for UMN-
HPV CA (17.0 years) (Figure 2E), with a mean ranging from 11.0
to 20.0 years (Supplementary Table 3 available online). When
we stratified by HPV genotype, the Harvard model projected a
median high-grade precancer dwell time that was 4.4 years
shorter for HPV16-related precancers compared with cancers re-
lated to non-HPV16 infections (ie, HPV16-related lesions pro-
gressed more quickly). Conversely, both Policy1-Cervix and
UMN-HPV CA projected median dwell times that were 4 years
longer for HPV16-related high-grade precancers compared with
non-HPV16-related precancers. All four models projected com-
parable median cancer sojourn times, ranging from 2.3 to
5.3 years (Figure 2G).

In the context of cytology-based screening, total median
dwell times were shorter in all models, and there was less varia-
tion across the four models (Figure 2, right panels), ranging
from 12.0 years (MISCAN-Cervix) to 18.0 years (Policy1-Cervix)
in the context of imperfect compliance to screening guidelines.
Under assumptions of perfect compliance to guidelines, median
dwell times were even shorter, ranging from 10.0 years (UMN-
HPV CA) to 14.5 years (Harvard) (Supplementary Table 5, avail-
able online). Mean dwell time for all models was longer than
median dwell times, reflecting a right-skewed distribution
across all models (Supplementary Tables 4 and 5, available
online).

Cumulative Incidence of Causal HPV Infections

Three models projected that 50% of the women diagnosed with
cancer acquired their causal high-risk HPV infection between

Figure 2. Median dwell times for women who developed cervical cancer for preclinical phases of cancer development for four Cancer Intervention and Surveillance

Modeling Network (CISNET) modeling groups. Estimates are provided under natural history assumptions (left panels) and in the context of imperfect compliance to US

screening guidelines (right panels); stratified by any high-risk (HR) human papillomavirus (HPV) infection, HPV16 infections, and non-HPV16 (Non16) infections for the

Harvard (red), Microsimulation Screening Analysis (MISCAN)-Cervix (light blue), Policy1-Cervix (dark blue), and University of Minnesota-HPV Cancer (UMN-HPV CA)

(yellow) simulation models. Error bars reflect the interquartile ranges across the individual-level simulations in each model. For the imperfect compliance scenario, we

assumed 70% compliance with primary testing and 90% compliance with follow-up management as recommended, including diagnostic colposcopy or biopsy and

treatment to remove high-grade lesions. The Harvard model does not explicitly capture cervical intraepithelial neoplasia grade 1 (CIN1) because it is interpreted as a

microscopic manifestation of acute HPV infection and is therefore incorporated into the HPV-infected state.
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ages 19 and 23 years (Harvard, Policy1-Cervix, and UMN-HPV
CA), and one model projected that 50% of the women acquired
their causal infection by age 34 years (MISCAN-Cervix)
(Figure 3A). The same three models projected that 75% of causal
HPV infections occurred before age 35 years, whereas MISCAN-

Cervix projected that 75% of causal HPV infections occurred
17 years later (ie, by age 52 years). When we stratified by HPV ge-
notype, all four models projected that causal HPV16 infections
occurred between 0.1 and 6.0 years earlier compared with non-
HPV16 infections (Figure 3, B and C).

Figure 3. Cumulative age of human papillomavirus (HPV) acquisition by HPV genotype for four Cancer Intervention and Surveillance Modeling Network modeling

groups. Estimates are stratified by HPV type: A) any high-risk HPV infections, B) HPV16 infections, and C) non-HPV16 infections for the Harvard (red), Microsimulation

Screening Analysis (MISCAN)-Cervix (light blue), Policy1-Cervix (dark blue), and University of Minnesota-HPV Cancer (UMN-HPV) CA (yellow) simulation models.

Shaded area for the Harvard model represents the upper and lower bounds across the 50 good-fitting natural history parameter sets.
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In the context of triennial cytology-based screening assum-
ing imperfect compliance with US guidelines, the median age of
the causal infection occurred between 4.4 years (Harvard) and
15.9 years (MISCAN-Cervix) later compared with the model pro-
jections in the absence of a screening program (Figure 4).
Screening reduced the absolute risk of cancer between 60% and
80% in all models and delayed the median age of acquiring the
causal high-risk infection associated with the remaining can-
cers to ages 25.1, 25.4, 27.9, and 49.9 years for the UMN-HPV CA,
Harvard, Policy1-Cervix, and MISCAN-Cervix models,

respectively. Under assumptions of perfect compliance with
guidelines, the median age of causal infection was further
delayed between 15 and 29 years compared with no screening
(Supplementary Figure 8; Supplementary Table 2, available
online).

Discussion

Although all four of the CISNET-cervical natural history models
are generally consistent with observed empirical data in the

Figure 4. Cumulative age of human papillomavirus (HPV) acquisition in the context of imperfect compliance to US screening guidelines and natural history for four

Cancer Intervention and Surveillance Modeling Network modeling groups. Projections of the casual age of infection under assumptions of imperfect screening (blue)

are compared with natural history (red) for A) Harvard, B) Microsimulation Screening Analysis (MISCAN)-Cervix, C) Policy1-Cervix, and D) University of Minnesota-HPV

Cancer (UMN-HPV CA). For the imperfect compliance scenario, we assumed 70% compliance with primary testing and 90% compliance with follow-up management as

recommended, including diagnostic colposcopy or biopsy and treatment to remove high-grade lesions. Shaded area for the Harvard model represents the upper and

lower bounds across the 50 good-fitting natural history parameter sets.
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United States, this comparative analysis highlights important
similarities and differences in the duration of preclinical disease
that is targeted by screening, the inferred age of acquiring
cancer-causing HPV infections targeted by vaccines, the role of
HPV genotypes, and the potential impact of screening on these
outcomes. To our knowledge, this is the first such comparative
analysis. Due to ethical reasons and feasibility constraints of
empirical studies (eg, observation period, treatment of high-
grade lesions), we are unlikely to ever have direct observations
of the acquisition age of the causal infection or dwell times
among women who progress to CC.

Consistent with the well-established understanding of cervi-
cal carcinogenesis (12), all four models projected that the natu-
ral history from acquisition of an HPV infection to clinical
cancer generally required 18–26 years, although MISCAN-Cervix
had a shorter median total dwell time compared with the other
models. The differences in total dwell time were primarily
driven by the length of time spent with HPV and CIN1, followed
by length of time with a high-grade lesion. For the Harvard
model, transition probabilities following acquisition of HPV are
a function of duration of infection or lesion, not age, based on
longitudinal data that suggests that viral persistence is a func-
tion of duration of the infection or lesion, irrespective of a wom-
an’s age (13–15). This assumption contributed to a longer HPV
and CIN1 dwell time among women who developed cancer
compared with the other models, an outcome for which data
are not available. In contrast, in two models (Policy1-Cervix and
UMN-HPV CA), progression (regression) probabilities increase
(decrease) with age, consistent with the literature (16–20); fi-
nally, in MISCAN-Cervix, progression potential but not dwell
time is modified by age. Age may act at least in part as a proxy
for duration; therefore, age-based transitions could potentially
overestimate the oncogenic potential for infections acquired
later in life, resulting in a shorter dwell time and an overestima-
tion of the age of causal infection (and overestimation of the im-
pact of vaccination at older ages). The magnitude and impact of
these structural differences may become more apparent as we
begin to evaluate HPV vaccination policies or as we consider
more nuanced screening strategies. For example, in all four
models, there would generally be at least two full screening
rounds (assuming a 3-year screening interval) to detect a CIN2
or CIN3 lesion before cancer development. In contrast, when
evaluating extended primary HPV-based screening intervals (eg,
5 years), MISCAN-Cervix, which had the shortest median high-
grade precancer dwell time (8.2 years), would be expected to fa-
vor strategies with shorter intervals compared with other
models.

There is considerable variability in the several efforts to esti-
mate high-grade precancer dwell times in different settings.
Vink et al. (21) projected a median dwell time of 23.5 years,
which is longer than the median high-grade precancer dwell
times projected by the CISNET-cervical models, under either as-
sumption of natural history or screening. Several additional
studies demonstrate similar variability, reporting mean high-
grade dwell times ranging between 11.8 and 24.3 years (22–25).
The mean natural history high-grade precancer dwell times
reported across the CISNET-cervical models varied from 11 to
20 years; however, under assumptions of imperfect compliance
to US cytology-based screening, the CISNET models projected
mean high-grade precancer dwell times that were substantially
shorter and more consistent, ranging between 7 and 12 years.
However, there are complex interactions with the specifics of
screening being conducted (eg, test, interval, age range,

compliance) that make comparisons difficult between the afore-
mentioned studies and our model projections.

We found that in the absence of screening, the projected me-
dian age of acquisition of the causal HPV infection was between
ages 19 and 23 years for three models but was much later (age
34 years) for MISCAN-Cervix. The age of causal infection is a func-
tion of 1) the age at which women develop clinical cancer, and 2)
the length of time required to develop clinical cancer (ie, total dwell
time). Because the age distribution of the background cancer inci-
dence in all models is similar, the differences and similarities in
median age of causal infection stem from total dwell time. In par-
ticular, the later age of causal infection in MISCAN-Cervix is
explained by shorter dwell time (described above), and the total
median dwell time in the other models is similar. Under assump-
tions of imperfect compliance with screening, the relatively small
number of remaining cancers compared with no screening occur
among women: after age 65 years (screening end age), with shorter
dwell times (cancer developed between screening intervals), with a
false negative screen(s), or did not attend screening. Both the first
and second reasons, by selection, are expected to result in a later
age of infection. Indeed, all four models projected that the causal
infection among the cancers occurring because of these underlying
causes was delayed. These findings have important implications
for prevention policies in the United States and internationally. For
example, the proportion of vaccine-preventable cancers decreases
with age, and therefore the added value of HPV vaccination policies
that extend to mid-adult individuals diminishes [eg, HPV-FASTER
(26) or US Advisory Committee on Immunization Practices (27)] in
all of the models but is less pronounced in MISCAN-Cervix. Even
though the median age of the causal infection is delayed with
screening, vaccinating mid-adult women has been found to be ei-
ther inefficient or associated with very high cost-effectiveness ra-
tios in a recent comparative modeling analysis (27).

In the context of screening, HPV16 infections, which are re-
sponsible for only 20% of HPV infections but more than 50% of
CCs, are considered the most carcinogenic HPV genotype be-
cause these infections are less likely to clear and more likely to
progress to precancer and cancer (12). HPV16-related cancers
contribute to a larger proportion of cancers that develop among
younger women (before age 50 years) compared with cancers
that occur after age 50 years (10,28). A study by Wheeler et al.
(29) also supports an earlier age of occurrence for HPV16-
positive cancers compared with non-HPV16 cancers, although
type attribution studies for cancer can be subject to biases (30).
Conditioned on developing cancer, the Harvard model projected
shorter median HPV and CIN1, high-grade precancer, and total
dwell times for cancers related to HPV16 infections compared
with non-HPV16 infections, whereas the Policy1-Cervix and
UMN-HPV CA models projected longer total dwell times for
HPV16 infections. A study by Wentzensen et al. (31) that evalu-
ated patients with Loop electrosurgical excision procedure con-
firmed CIN2 or CIN3 cases to estimate the time from sexual
activity onset to development of CIN2 or CIN3 found that
HPV16-related CIN2 and CIN3s grew more rapidly than lesions
related to other HPV genotypes, with a progression time that
was on average 30% shorter for HPV16-related CIN3s. However,
these estimates were not isolated to precancers that ultimately
progressed to cancer. In contrast, the statistical model by Vink
et al. (21) compared dwell times between HPV16- and non-
HPV16-related lesions and did not find differences in the me-
dian high-grade lesion dwell times by HPV genotype, though
that study did find a larger proportion of HPV16 CIN2 or CIN3s
that progressed within the first 10 years. However, higher
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probability to progress does not rule out equal median dwell
time. Observable information on the genotype specificity is
fraught with complex interactions between age effects of
HPV16, the differential accuracy of screening in detecting
HPV16-related lesions, and the impact of screening on cancer
prevention. The impact of different genotype-specific model
assumptions will be relatively more important for screening
strategies that involve genotyping for HPV16 and HPV18 infec-
tions or for screening among women vaccinated against HPV16
and HPV18 infections. Analyses from the Harvard model would
be expected to differentially favor more intensive screening
strategies for HPV16 infections compared with the Policy-Cervix
and UMN-HPV CA models.

The differences by HPV genotype may in part stem from two
of the models assuming age-specific transition probabilities,
whereas the Harvard model assumes transitions that are dura-
tion based. The age-specific transition models that capture non-
HPV16 infections occurring at older ages compared with HPV16
infections will necessarily have faster transitions (and shorter
dwell times) associated with non-HPV16 infections because
they occur at older ages and face increasing probabilities of pro-
gression. In contrast, the Harvard model transitions are a func-
tion of time and assume HPV16 infections are more likely to
persist, and therefore progress, irrespective of age.

There are several notable limitations to this study. First, we
report results from only four models, but there may be alterna-
tive plausible model structures that could fit the observed em-
pirical data. Our imperfect screening compliance scenario was
not intended to mimic current practice, and direct comparison
with empirical data requires more refined model assumptions;
however, simulating screening provides projections for the im-
pact of screening on the age of causal infection. Generalizing
these findings to other populations may be limited in that they
are based on US patterns of HPV acquisition, benign hysterec-
tomy utilization, and background mortality, all of which can af-
fect age patterns in CC.

Ongoing analyses performed by the CISNET-cervical working
group involve reevaluation of CC strategies outlined by the US
Preventive Services Task Force (2). Despite structural differences
in the natural history of the models reported in this study, pre-
liminary analyses evaluating US Preventive Services Task Force
strategies indicate similar policy findings across the models
(32), strengthening the validity of policy conclusions. Using
multiple models will serve as an important approach to under-
standing the drivers of potential model disagreements in identi-
fying optimal cancer control policies. In addition, using
multiple, independently developed models for policy analyses
is the most robust approach to undertake sensitivity analysis
on underlying model structure and on the “deep” unobservable
model parameters, in line with good modeling practice (7).

This comparative analysis highlights important similarities
and differences, in part because of evidence gaps, among four
validated CISNET CC natural history models. Our findings eluci-
date important drivers of HPV prevention and CC screening pol-
icies and emphasize the value of comparative modeling when
evaluating optimal public health policies.
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