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ABSTRACT

Background InCanada, discussion about changing from cytology to human papillomavirus (1pPv) DNA testing for
primary screening in cervical cancer is ongoing. However, the Canadian Task Force on Preventive Health Care has
not yet made a recommendation, concluding that the evidence is insufficient.

Methods We used the cervical cancer and Hpv transmission models of the Cancer Risk Management Model to study
the health and economic outcomes of primary cytology compared with HPv DNA testing in 14 screening scenarios
with varying screening modalities and intervals. Projected cervical cancer cases, deaths, colposcopies, screens,
costs, and incremental cost-effectiveness were evaluated. We performed sensitivity analyses for HPv DNA test costs.

Results Compared with triennial cytology from age 25, 5-yearly HpPv DNa screening alone from age 30 resulted in
equivalent incident cases and deaths, but 55% (82,000) fewer colposcopies and 43% (1,195,000) fewer screens. At HPV
DNA screening intervals of 3 years, whether alone or in an age-based sequence with cytology, screening costs are
greater, but at intervals of more than 5 years, they are lower. Scenarios on the cost-effectiveness frontier were Hpv
DNA testing alone every 10, 7.5, 5, or 3 years, and triennial cytology starting at age 21 or 25 when combined with Hpv
DNA testing every 3 years.

Conclusions Changing from cytology to HPV DNA testing as the primary screening test for cervical cancer would
be an acceptable strategy in Canada with respect to incidence, mortality, screening and diagnostic test volumes.
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INTRODUCTION

Since the introduction of cervical cancer (cc) screening by
Pap smear cytology the 1950s, Canada has experienced a
decline in cc mortality, achieving one of the lowest rates
in the world"2.

In Canada and around the world, discussion about
changing from cytology to human papillomavirus (apv)

DNA testing as the primary screening modality for cc is
ongoing®. Compared with cytology, the HPV DNA test has
demonstrated greater sensitivity in the detection of high-
grade cc precursor lesions and cervical intraepithelial
neoplasia, leading some groups to recommend its use as a
primary screening modality in conjunction with cytology
(co-testing) or with secondary cytology triage*-6. A recent
meta-analysis of four large randomized controlled trials
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concluded that primary HPV DNA testing is superior to cy-
tology in lowering the incidence of cc’. The Netherlands
and Australia were among the first countries to announce
a switch to primary HPV DNA testing for cc screening?®, and
several others (England, Scotland, Italy) are in the process
of conducting pilot studies®!%2, Canadian provinces and
territories do not currently fund primary HPV DNA testing
for cc screening, and only a few fund the HPV DNA test as
secondary triage for results indicating atypical squamous
cells of undetermined significance?.

In addition to the discussion about primary screen-
ing modality, organized screening programs worldwide
show variability with respect to initiation age, stop age,
and screening interval. In Europe, several countries start
cc screening at later ages and use longer intervals than
Canada does. For example, in Finland and the Nether-
lands, whose ccrates are comparable to those in Canada,
cytology screening has been offered at 5-year intervals
to women beginning at age 30''-13. In 2013, the Canadian
Task Force on Preventive Health Care (CTFPHC) recom-
mended routine screening for women 30-69 years of age,
with weaker recommendations to routinely screen women
25-29yearsofage. The crrpHC did notrecommend routine
screening of women less than 25 years of age or more than
70 years of agel. As health care practitioners transition
to those relatively recent recommendations, screening is
currently offered from age 21 in most Canadian provinces
and territories®. The crrpHC did not make a recommenda-
tion on HPV testing, concluding that the evidence at the
time was insufficient?.

As the provinces and territories move to incorporate
the evolving standards and new technologies for cc screen-
ing, we used the Cancer Risk Management Model (CRmM)
to evaluate, in the Canadian context, the clinical and cost
effectiveness of various strategies of primary cytology and
HPV DNA testing.

METHODS

The crmM is a Web-based microsimulation tool used to in-
form cancer control decision-makingin Canada. The model
draws on multiple data sources and expert opinion for stan-
dard disease-specific diagnostic and treatment practices,
health care costs and utilities, expected personal income,
and tax revenue!*-'%, The model performs simulations at
the individual level over a specified lifespan and provides
projections for national and provincial cancer control in-
terventions. The ccand HpPvV transmission submodels were
developed by a multidisciplinary team led by the Canadian
Partnership Against Cancer in collaboration with Statistics
Canada. The submodels are described in detail by Miller
and colleagues'!, with calibration and evaluation results
additionally provided by Miller and colleagues'! and by
Evans and colleagues®.

We used the crmM to determine the health and eco-
nomic effects of switching from cytology to HPV DNA testing

@ For the United Kingdom, see http://www.cancerscreening.nhs.uk/
cervical/hpv-primary-screening.html and http://www.nhs.uk/
Conditions/Cervical-screening-test/Pages/Results.aspx.

in various cc screening strategies for the years 2016-2046.
Against a background of a pan-Canadian vaccination
program, variations in the age of screening onset, the
screening interval, and the primary screening modality
are assessed against a reference scenario based on recom-
mended practice: triennial cytology screening from age 25
to age 65. We project results for the year 2046, in which the
Canadian population is estimated to be 41 million, with
slightly more than half being women and girls.

Here, we report selected outcomes—cc incidence,
mortality, and number of colposcopies and cc screens—
forasetofscreening scenarios involving various age-relat-
ed patterns of cytology and HPV DNA screening tests. The
number of cc screens includes cytology samples taken and
read, or HPV DNA tests sampled and interpreted, or both,
as appropriate. We also report screening and treatment
costs, health-related quality-adjusted life-years (QALYS)
and incremental cost effectiveness ratios (1cErs). Costs
reported for the year 2046 are expressed as an average of
the costsinyears 2044-2048 and are undiscounted. Costs
and QarLys used for the estimation of icERs are discounted
at 3%. All costs are expressed in 2008 Canadian dollars.

The 1CER is a ratio of the change in total cost to the
change in QaLys between two scenarios (calculated here
over the lifetime of the simulated population). For ease
of interpretation, the IcERs were calculated relative to the
least costly scenario and also sequentially. Sequential
ICERs indicate the incremental cost per QaLy for adopting
the next-more-expensive non-dominated scenario. Be-
cause the cost of HPV DNA testing is uncertain, sensitivity
analyses were used to explore the effects of varying the
kitacquisition and the interpretation and laboratory cost
components of the testing cost.

Underlying Assumptions

We assumed that HPV vaccination would underlie all sce-
narios, with vaccination for 12-year-old girls beginning
in 2008. A 3-dose schedule of quadrivalent vaccine was
used, at an assumed cost of $500. It was assumed that the
program would vaccinate 70% of the target population
and that vaccine efficacy would be 100%, not waning over
time. The assumed cytology cost was $59.49, comprising
provider consultation, tray, and lab interpretation fees cost-
ing $33.70, $10.99, and $14.80 respectively. We used $87.70
as the cost of HPV DNA testing, which included consultation,
tray, and kit with lab interpretation fees costing $33.70,
$10.99, and $43.10 respectively (Table 1).

Scenario Assumptions
We examined 14 scenarios, varying the primary screening
modality and intervals:

Cytology only—2 scenarios from age 21 or 25 until
age 65

HPV DNA testing only—4 scenarios from age 30 to age
65 atintervals of 3, 5, 7.5, and 10 years

Combined cytology and HPV DNA testing [in an age-
based sequence (aBs)]—8 scenarios with cytology for
women less than 30 years of age starting at age 21 or
25, and HPV DNA testing for women from age 30 to age
65 at intervals of 3, 5, 7.5, and 10 years (Table 11)
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TABLE 1 Parameters and assumptions, 2008 Canadian dollars?

TABLE Il  Scenarios modelled

Parameter Assumption
Model baseline
Cases simulated (n) 32,000,000
HPV vaccination coverage (% girls and women) 70
HPV vaccine cost per 3-dose course (2008 CA$) 500
Cytology cost (2008 CA$)
Consultation fee 33.70
Tray fee 10.99
Lab interpretation fee 14.80
TOTAL 59.49
HPV DNA cost (2008 CA$)
Consultation fee 33.70
Tray fee 10.99
Kit and lab interpretation fee 43.10
TOTAL 87.79
Additional cost assumptions
Cytology screen®
Regular cytology screen as follow-up for 59.49
normal results
Cytology for reassessment of abnormal results 59.49
Colposcopy
Initial colposcopy (without biopsy) 955.71
Reassessment colposcopy within 6 months 724.00
(without biopsy)
Reassessment colposcopy not within 6 months 656.23
(without biopsy)
Biopsy 102.71

HPV DNA test©

When recent (<6 months) liquid sample already 87.79
exists (after liquid-based cytology)

When recent (<6 months) liquid sample 87.79
does not exist (after conventional cytology)

Observation (do nothing) 0

Cold knife 1851.23
Loop electrosurgical excision procedure (LEEP) 1887.19
Cryosurgeryd 1887.19
Laser® 1887.19
Hysterectomy 3068.01
Wart removal 190.00

2 Sources: Ontario, British Columbia, Manitoba, and Newfoundland
and Labrador fee guides and expert opinion. All costs presented in
2008 Canadian dollars.

b Costs are assumed to be the same for the conventional or the liquid-
based method (no information to vary cost by method).

¢ One of the two costs is chosen depending on the cytology method
used (liquid versus conventional).

4 Simplifying assumption: assumed same cost as LEEP.

¢ Simplifying assumption: assumed same cost as LEEP.

HPV = human papillomavirus.

For our modelled screening programs, women were
recruited beginning in 2016. Historical screening pro-
gram outcomes (1955-2015) were captured in the model.
Depending on the scenario, women between 21 years of

Primary Age (years) Interval Scenario
screening test ——————————  (years) name
Start End
Cytology 21 65 3 Cytology (21x3)
Cytology 25 65 3 Cytology (25x3)
HPV DNA 30 65 3 HPV (30x3)
HPV DNA 30 65 5 HPV (30x5)
HPV DNA 30 65 7.5 HPV (30x7.5)
HPV DNA 30 65 10 HPV (30x10)
Cytology 21 29 3 ABS (21x3; 30%x3)
HPV DNA 30 65 3
Cytology 21 29 3 ABS (21x3; 30x5)
HPV DNA 30 65 5
Cytology 21 29 3 ABS (21x3; 30%7.5)
HPV DNA 30 65 7.5
Cytology 21 29 3 ABS (21x3; 30x10)
HPV DNA 30 65 10
Cytology 25 29 3 ABS (25x3; 30x3)
HPV DNA 30 65 3
Cytology 25 29 3 ABS (25%3; 30x5)
HPV DNA 30 65 5
Cytology 25 29 3 ABS (25x3; 30x7.5)
HPV DNA 30 65 7.5
Cytology 25 29 3 ABS (25x3; 30x10)
HPV DNA 30 65 10

HPV = human papillomavirus; ABS = age-based sequential screening.

age and 65 years of age were eligible for screening. The
eligible age for cytology screening was set at either 21-65
or 25-65 in the cytology-only scenarios and either 21-29
or 25-29 in the cytology portion of ABs screening. We as-
sumed 3-year intervals for cytology screening regardless
of scenario. For scenarios that included HPV DNA screen-
ing, women 30-65 years of age were eligible for screen-
ing, and intervals were varied (3, 5, 7.5, or 10 years). The
screening participation and rescreen rates were 90% and
80% respectively for all scenarios. The follow-up protocol
depended on the primary screening modality. The follow-
up protocol for the cytology test was based on current
practice, without secondary Hpv DNA use for triage or
otherwise?; the follow-up protocol for the HPV DNA test was
based on the Ontario guideline as described by Murphy
and colleagues!’. Because triennial cytology for women
25-65 years of age reflects recommended practice!, we
used that scenario as the reference against which other
modelled scenarios were compared.

b crmM version 2.2 at http://www.cancerview.ca/cancerrisk

management.
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Sensitivity Analyses

We chose to examine the effect of cost variations in the
HPV DNA test for 2 ABs scenarios that allow for cytology
screening of women less than 30 years of age (the practice
in Canada), recognizing that HPv DNA testing in this group
results in high rates of Hpv positivity because of transient
infections and is thus not used'®19. The cost variations were
based on lab costs being

the same as cytology (a total cost of $59.49).
25% of retail-price testing ($66.24).

50% of retail-price testing ($87.79).

100% of retail-price testing ($130.88).

The default cost of the analysis was $87.79.

RESULTS

Health Outcomes, Resource Utilization, and Costs
Compared with the reference scenario (triennial cytology
starting at age 25), HPV DNA screening every 3 years from
age 30, alone orin ABs with cytology starting at age 21 or 25,
lowered the number of incident cases and deaths in 2046
(Table 111). Increasing the interval to 5 years in those cases
generated an equivalent number of incident cases and
deaths. However, increasing the screening interval beyond
5years resulted in increased incidence and mortality.
Comparing the scenarios that used HPvV DNA testing
alone, incident ccs rose by 23% in 2046 (n = 330) when a
10-year rather than a 5-year interval was used. Likewise,
comparing the ABs screening scenarios, incident cancer
casesrose by 20% (n=290) and 21% (n=300) when a 10-year

TABLE 111

rather thana5-yearinterval was used (cytologystartatage
21 and age 25 respectively). The change in the number of
cc deaths with alengthened screening interval followed a
similar pattern. Thus, compared with cytology only, Hpv
DNA testing alone or combined with cytology is better or
equivalent with respect to the foregoing health outcomes,
provided that the length of the screening interval does not
exceed 5 years.

By contrast, HPv DNA testing generally resulted in
health care resource utilization savings (Table 111). Com-
pared with thereference scenario, 5-yearly Hpv DNA screen-
ing alone from age 30 resulted in 55% fewer colposcopies
(n=82,000) and 43% fewer screens (n=1,195,000). In addi-
tion, ABs screening startingatage 21, with 5-yearly Hpv DNA
testing, resulted in 30% fewer colposcopies (1 =45,000) and
28% fewer screens (n=771,000). In the scenarios using Hpv
DNA testing only, absolute colposcopy and screen counts
declined as the screening interval increased. Compared
with the reference scenario, scenarios involving length-
ened intervals produced increasingly larger differences in
colposcopy and screen counts. The patterns were similar
in the ABs scenarios.

The foregoing scenarios also led to a reduction in
total undiscounted costs. Compared with the reference
scenario, 5-yearly HPvV DNA testing reduced costs by 24%
($106 million), and ABs starting at age 21 with 5-yearly Hpv
DNA testing reduced costs by 10% ($42 million). As screen-
ingintervals for HpPv DNA testingincreased, cost reductions
relative to the reference scenario concomitantly increased.
With 10-yearly intervals for HPv DNA testing, cost reductions
were 42% for HPV DNA alone, 27% for ABs with cytology at
age 21, and 33% for aBs with cytology at age 25.

Health and resource utilization outcomes? projected for 2046 using the Cancer Risk Management Model

Scenario

Difference compared with reference scenario [n (%)]

Incident Deaths Colposcopies Screens
Cytology (25%3) Reference
Cytology (21x3) =10 (1) =10 (1) 15,000 (10) 163,000 (6)
HPV (30x3) -180 (12) -70 (14) -56,000 (37) —-194,000 (7)
HPV (30x5) 1 (0) =10 (1) —-82,000 (55) -1,195,000 (43)
HPV (30x7.5) 180 (13) 50 (10) -96,000 (64) -1,619,000 (58)
HPV (30x10) 330 (23) 100 (20) —-110,000 (74) -1,819,000 (65)
ABS (21x3; 30x3) -210 (14) -80 (16) -19,000 (13) 217,000 (8)
ABS (21x3; 30x5) -20(2) -10 (3) —45,000 (30) 771,000 (28)
ABS (21x3; 30x7.5) 140 (10) 30 (6) -59,000 (39) -1,196,000 (43)
ABS (21x3; 30x10) 290 (20) 80 (17) —72,000 (48) -1,388,000 (50)
ABS (25x3; 30x3) -200 (14) -80 (15) —-35,000 (23) 52,000 (2)
ABS (25x3; 30x5) =20 (1) -10 (2) —61,000 (41) -927,000 (33)
ABS (25x3; 30x7.5) 160 (11) 40 (7) -74,000 (49) -1,343,000 (50)
ABS (25x3; 30x10) 300 (21) 100 (17) —-87,000 (58) -1,542,000 (55)

@ All figures in table are rounded.

b Incident cases, 1400; deaths, 500; colposcopies, 50,000; screens, 2,801,000.

HPV = human papillomavirus; ABS = age-based sequential screening.
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Figure 1 shows the changes in the cost composition of
the scenarios (vaccination costs were notincluded because
they were invariable). At HPV DNA screening intervals of 3
years, whether alone or in an ABs scenario with cytology,
screening costs are greater than they are in the reference
scenario. Atintervals greater than 5 years, screening costs
arelower than theyarein the reference scenario; however,
cancer treatment costs are higher.

Incremental Cost-Effectiveness

Compared with the base case (the lowest-cost scenario:
HPV DNA testing at 10-year intervals), the ICERs ranged from
$49,000 per QALY to $202,000 per QaLy (Table 1v). When
5-yearly HPV DNA testing starting at age 30 was combined
with triennial cytology screening at either age 21 or 25,
the cost savings and QaLys increased relative to the refer-
ence scenario (triennial screening from age 25). Scenarios
found on the frontier were HPV DNA testing alone every 10,
7.5,5,and 3 years, and triennial cytology starting at age 21
or 25 when combined with HPV DNA testing every 3 years
(Figure 2).

Sensitivity Analyses

The effect of varying the cost of the HPV DNA testing in 2
of the ABs scenarios (cytology starting at either age 21 or
25 combined with 5-yearly HPV DNA testing starting at age
30) is also plotted in Figure 2. If the kit and interpretation
fees for HPV DNA testing were to match the fees for cytol-
ogy testing ($59.49 compared with the base case cost of
$87.79), ABs screening could potentially result in a total
discounted cost more than $1 billion less than the recom-
mended practice scenario over the lifetime of the simulated
population. Conversely, costs based on full-retail-price kit
and interpretation values could potentially increase total
costs by up to almost $2 billion compared with the base-
case cost assumption.

Provided that HPvV DNA testing costs less than $106.00,
the ABs strategy starting at age 21, with 5-yearly HpPv DNA
testing, dominates the reference strategy of triennial cytol-
ogystarting atage 25, in the sense that the former costs less
and results in more QaLys than the latter. The ABs strategy
starting at age 25, with 5-yearly Hpv DNA testing, dominates
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FIGURE 1 Cost components of screening and treatment, by screen-
ing strategy in 2046. Costs are calculated as a 5-year average of the
2044-2048 costs and are undiscounted. HPV = human papillomavirus;
ABS = age-based sequential screening.

the default strategy provided that Hpv DNA testing costs less
than $122.00. At higher costs, preference for the reference
strategy or the pNa alternative would depend on the will-
ingness to pay for the additional QaLys resulting from aABs
screening. Note that similar increases or decreases for the
HPV DNA lab costsin the other scenarios, including Hpv DNA
testing alone, would shift the point estimates in Figure 2
right and left respectively.

DISCUSSION

In the era of expanding HPV vaccination, ccincidence and
mortality rates are expected to decline?’, and the utility
of Pap smear cytology as the primary screening test is
being questioned. As the prevalence of cc and precur-
sor lesions declines, the positive and negative predictive
values of cytology decrease?!. Testing for HPV DNA, which
has greater sensitivity than cytology and detects the caus-
ative agent for cc, has thus become an important tool in
the armamentarium of cc screening and is becoming an
alternative to cytology for primary screening. The transi-
tion to, and implementation of, new screening algorithms
must be approached using the best evidence available,
and modelling that incorporates the relevant information
allows decision-makers to understand the various options
alongdifferent time horizons. Our study shows the complex
trade-offs between costand clinical benefitin the screening
scenarios presented.

Firstly, compared with screening starting at age 30,
cytology screening of women less than 30 years of age did
notresultin an improvement in cc incidence or mortality,
but did contribute to increased costs. Women less than 30
years of age have a verylowincidence of and mortality from
cc??, but high incidences of transient Hpv infection and
cervical abnormalities??, most of which resolve with time
but require ongoing colposcopy visits and investigations.
Delaying screening until age 30 allows for transient lesions
toregress and more problematic ones to persist until alater
first screen®+25, Given the prolonged natural history for
Hpv infection to develop into cancer?, delaying screening
until age 30 does not significantly affect cc incidence or
mortality??. Similarly, within the Canadian context, the
HPV Focal trial in British Columbia showed that primary
HPV testing starting at age 25 resulted in high rates of Hpv
positivity and cytologic abnormalities requiring follow-
up in women less than 30 years of age'®. As the vaccinated
cohort of women starts screening, HPV positivity rates and
cytologic abnormalities will decline?”28, making a delay in
screening more acceptable.

Aslongasthe willingness to pay for an additional QaLy
isless than $166,700, any ABs screeningincorporating trien-
nial cytologyin women less than 30 years of age would not
be cost-effective relative to its pure HpPv testing counterpart.
With Table 1v showing that scenarios involving cytology
alone are dominated, model projections suggest that pure
HPV testing strategies are the most attractive. Which of
those strategies will be the most appealing will depend on
willingness to pay.

Secondly, prior data from cervical cytology population
screening show thatascreening frequency greater than tri-
ennial does notsignificantlyimprove the ccincidence, but
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TABLE IV Incremental cost-effectiveness

Scenario Incremental ...2 ICER

Cost (CA$ millions) QALYs Relative to lowest cost Sequentialb
HPV (30x10) — — NA NA
HPV (30x7.5) 855 17,300 49,400 49,400
ABS (25%3; 30x10) 1,225 7,300 166,700 Dominated
ABS (21x3; 30x10) 1,893 9,300 202,500 Dominated
ABS (25x3; 30x7.5) 2,066 22,800 90,600 Dominated®
HPV (30x5) 2,311 39,100 59,100 66,900
ABS (21x3; 30x7.5) 2,741 24,700 110,800 Dominated
ABS (25x3; 30x5) 3,455 43,800 78,900 Dominated®
ABS (21x3; 30x5) 4,159 45,600 91,200 Dominated®
Cytology (25x3) 4,966 42,100 117,800 Dominated
HPV (30x3) 5,347 64,700 82,600 118,300
Cytology (21x3) 5,684 42,800 132,800 Dominated
ABS (25x3; 30x3) 6,377 67,400 94,600 381,900
ABS (21x3; 30x3) 7,139 68,700 103,900 611,600

3 Discounted at 3%.
b

¢ By extended dominance.

Calculated as the change in cost and QALYs from the previous non-dominated strategy.

QALY = quality-adjusted life—year; ICER = incremental cost effectiveness ratio; NA = not applicable; HPV = human papillomavirus; ABS = age-

based sequential screening.
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FIGURE 2 Efficiency frontier: plot of incremental cost and quality-
adjusted life-years (QALYs) relative to lowest-cost scenario. HPV =
human papillomavirus; ABS = age-based sequential screening.

doesincrease the number of lifetime screens and costs?9.
However, increasing the screening interval beyond 5
years resulted in higher rates of cancer. Reducing the
HPVDNA screening interval to 3 years improves incidence
and mortality outcomes and increases the number of
life-years gained, but at substantial additional cost. The
lowest-cost scenario of HPV DNA testing every 10 years
results in the least screens and colposcopies among all
scenarios, but compared with the reference of triennial

cytology beginning at age 25, achieves those savings at
a clinical cost of a 30% increase in incident cases.
PrimaryHpv DNA testing performed at intervals of less
than 3yearsis more likely to detect transient Hpv infections
ofinconsequential risk, when it is persistent infection that
isassociated with an increased risk of precursor lesion and
cancer development. Furthermore, compared with cytol-
ogy, anegative HPV DNA testresult has superior negative pre-
dictive value. A negative HPV DNA test is associated with an
0.27% cumulative incidence rate of cervical intraepithelial
neoplasia grade 3 or worse after 6 years; the rate for women
with a negative cytology resultis 0.97%3°. Thus, screening
intervals more frequent than 5 years are notrecommended
for primary HPv DNA testing®!3. According to our model,
moving from 5-yearly to triennial HPV DNA testing would
cost more than $100,000 per additional QaLy gained.
Ourresults are consistent with findings in other stud-
ies. A study by Berkhof and colleagues? in the Netherlands
used screeningintervals from 5 to 10 years to examine the
health and economic effects of HPV DNA testing compared
with cytologytesting. The standard of care in that country
iscytologyscreening every 5 years in women from age 30 to
age 60. They found that changing from cytology to primary
HPV DNA testing with cytology triage resulted in a 23% re-
duction in cc cases. A reduction in cc cases was also seen
when the HPV DNA screening interval was extended to 7.5
years. The authors concluded that 5-yearly cytology with
HPV DNA triage and 5- and 7.5-yearly HPV DNA testing with
cytology triage were cost-effective for their base case of
settings. However, their cost values were less than those in
the Canadian environment, for a Dutch willingness-to-pay
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threshold 1cer of 20,000 per QaLy. The costs attributed to
screening tests and diagnostic colposcopy were less than
those in Canada and likely reflect different values for hu-
man resources and test kits.

Because thereislittle enthusiasm and some scepticism
for screening intervals beyond 3 years among Canadian
provincial and territorial screening programs3!, a scenario
of cytology every 5 years was not included in our analysis.
Canadian provinces and territories have also chosen not
to adopt the cTrpHC guidelines for a screening start age of
30 (strong recommendation) or 25 years (weak recommen-
dation) and still offer screening from age 21 to 70. Conse-
quently, our analysis included younger women from 21 or 25
years of age to 65 years of age, and considered scenarios with
ABs screening that best reflects the Canadian experience.

Similarly, a systematic review by Nahivjou and col-
leagues!3 of cc screening strategies from an economic
standpoint suggested that HPvV DNA testing—starting at age
30 or older, with screeningintervals of 5 years or more—was
the most cost-effective strategy. They also found that, in
some countries, national guidelines did not match sce-
narios emerging from cost-effectiveness studies. Their
review aligned with prior reviews of cost-effectiveness in
post-vaccination high-resource settings with established
screening programs. Such analyses recommend the intro-
duction of HPV DNA primary screeningin high-resource set-
tings; however, discrepancies between practice guidelines
and theoretical study recommendations are observed!8
Our study adds further support to the cost-effectiveness
and health utilization benefits of a switch from cytology to
primary HPV DNA testing for cc screening in the Canadian
context. It also illuminates the implementation consider-
ations associated with interval lengths.

Limitations
There are some limitations to our study to consider.

In Canada, HPvV DNA testing has notbeen implemented,
and thus, uncertainty related to its effectiveness in the
Canadian context remains. A degree of parameter uncer-
tainty is also present, because few empirical data about
sexual behaviour, long-term vaccine efficacy, infection,
and progression of vaccine and non-vaccine Hpv types into
cancer are available. Moreover, because of an expectedly
reduced incidence of cc and its precursor lesions after
vaccination, with an associated lower volume of positive
smears, uncertainty surrounds the future performance of
cytologywith respect to detection of such lesions, whether
cytologyisused as a primary or secondary test. Our analy-
sis is thus limited because the uncertainty surrounding
the model outcomes is not reported. The model generates
a combined uncertainty from parameter uncertainty and
Monte Carlo error.

Our scenarios used age 65 as the stop age for screen-
ing; however, women are living longer, well into their 80s,
and the benefit of screening beyond age 65 or 70 is contro-
versial®233, The Ontario primary HPV DNA test protocol for
screening was used, but other algorithms—such as that
used in the HPV Focal study—mightyield different results
in costs and clinical outcomes.

For our scenarios, vaccination costs were kept constant
at the full retail price for 3 doses, with a vaccine efficacy

of 100% for the full duration. A change in price, variation
in dosing (2 vs. 3 doses), and waning efficacy or efficacy
duration could affect total screening and treatment costs.
A change in vaccine efficacy duration and effectiveness
would affect screening outcomes, as would altering the
proportion of women vaccinated.

Lastly, the ckmM submodel does not yet take into
account the potential effects of health-related quality of
life from screening and subsequent diagnostic tests—for
example, the physical and psychological harms from
false-positive results and follow-up of innocuous lesions,
or the reproductive effects after cc precursor treatments34.
There is also a concern that if screening is delayed to age
30, women might not avail themselves of other beneficial
gynecologic care traditionally associated with screening,
such as contraceptive and sexual health counselling.

CONCLUSIONS

According to projections from the ckmM, changing from
cytology to HPV DNA testing as the primary screening test
for cc could be an acceptable strategy with respect to
incidence, mortality, and screening and diagnostic test
volumes. Compared with cytology every 3 years for women
21-65years of age, HPV DNA testing every 5 years for women
30-65 years of age is at least as effective with respect to
clinical incidence and mortality outcomes, resource uti-
lization, and costs. Screening strategies incorporating Hpv
DNA testing for primary screening were found to be more
efficient than cytology-only screening strategies.
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