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SUMMARY

SOCIAL AND SYSTEM DEMOGRAPHICS

Clinical Condition

The human papillomavirus (HPV) infects skin and mucous membranes, and 
is one of the most common sexually transmitted diseases. More than 100 
HPV types have been identified, the majority of which are low-risk strains 
associated with benign epithelial cervical changes that resolve spontaneously 
over time. Thirteen HPV types (HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, 
-56, -58, -59, -68) are considered high-risk strains and are associated with 
cervical intraepithelial neoplasia (CIN), a precursor of cervical malignancy and 
invasive cervical cancer (ICC). HPV types -16, -18, and -45 are the types most 
frequently found in ICC.

Epidemiology and Risk Factors

In Canada, there are approximately 13.5 million women aged 15 years or older 
who are at risk of acquiring genital HPV infection and developing cervical 
cancer. Differences among Canadian provinces in data collection and cervical 
screening programs have made it difficult to obtain nationwide data on the 
burden of HPV infection. Data from the World Health Organization indicate 
that about 22% of Canadian women will harbour a cervical HPV infection at 
some point during their lifetime. The prevalence of oncogenic HPV types has 
been estimated at 9.6%, with the majority of ICC cases (71%) being attributed 
to HPV-16 and -18.

The likelihood of having an HPV infection increases with the severity of the 
lesion identified by cytology at screening, as follows:

—— 22% among women with normal cytology

—— 88% among women with low-grade lesions

—— 98% among women with high-grade lesions

The chance of contracting an HPV infection is highest following the onset of 
sexual activity and then decreases with age. Although young women have the 
highest rates of HPV infection, the incidence of cervical cancer among this 
age group is generally low. While cervical lesions and cancer are diagnosed 
across all age groups, some association between age and severity of disease 
has been reported.

During 2008, an estimated 1300 Canadian women were diagnosed with 
cervical cancer; 380 died from the disease, making cervical cancer the eleventh 
most frequent cancer in women. The probability of developing cervical cancer 
at any point in a woman’s life is 0.7%, while the probability of dying from 
cervical cancer is 0.2%.
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The prevalence of HPV infection is higher in women under 30 years of age; 
most of these infections resolve. The prevalence for women 30 years of age and 
older is lower, but is more frequently associated with CIN2, CIN3, or cancer.

While the incidence of cervical cancer in Alberta has remained stable over 
the last 15 years, the mortality rate for cervical cancer has declined. In 2004, 
the prevalence of cervical cancer in Alberta ranged from 0.38 per 100 for 
women aged 65 to 69 years to 0.01 per 100 for women aged 20 to 24 years. 
The majority of new cases were found in three age groups: (1) women aged 
30 to 34 years; (2) women aged 45 to 49 years; and (3) women aged 55 to 59 
years and up. In Alberta, there were 180 cases of cervical cancer in 2008, with 
40 deaths attributed to the disease. Mortality rates due to cervical cancer were 
higher among those 75 years of age or older.

Risk Factors

The strongest risk factor:

—— for acquiring an HPV infection is the sexual behaviour of women and  
their partners,

—— for developing cervical cancer is persistent infection with a high-risk 
HPV type.

Other important cofactors that can influence the progression of HPV infection 
to cancer include:

—— socioeconomic status,

—— number of sexual partners,

—— the behaviour of male partners,

—— sexual activity prior to age 18,

—— parity,

—— use of oral contraceptives,

—— smoking,

—— lack of attendance at screening programs,

—— ethnicity.

Detection and Treatment

The objective of cervical screening is to detect and treat precancerous lesions 
in order to reduce cervical cancer incidence and mortality. Until the recent 
introduction of new technologies such as liquid-based cervical cytology (LBC) 
and HPV molecular testing, conventional cervical cytology (Pap smear) was the 
only cervical screening test available in Canada.
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When abnormal cytological findings are detected, colposcopy and biopsy are 
used to confirm the diagnosis. About 20% to 45% of untreated CIN2 and CIN3 
lesions will progress to cervical cancer within the first years of persistent high-
risk HPV infection.

Management will depend on the clinical circumstances. Treatment options 
for precancerous cervical lesions may include conization, laser surgery, loop 
electrosurgical excision, and cryosurgery. Treatments recommended for ICC 
vary by the clinical stage of the disease and may include surgery (e.g., simple 
hysterectomy, radical hysterectomy and pelvic lymphadenectomy, or radical 
trachelectomy), external beam radiotherapy, and chemotherapy.

Although cancer screening policies differ by province, cervical cancer screening 
is available in Canada to all eligible women. Alberta has a partially organized 
screening program that includes annual screening for all sexually active women 
aged 18 to 69. The 2006 Canadian Community Health Survey data on cervical 
screening practices in Alberta show that among women 18 years or older, 
participation in screening programs has increased slightly, from 78.5% in 2004 
to 79.9% in 2006. This rate is similar to the national average. Among Albertan 
women who have ever had a Pap smear test, the majority have been screened 
between 6 months and 1 year ago (28%).

Barriers to the implementation of screening programs include:

—— socioeconomic characteristics,

—— inequities in access to healthcare services,

—— lack of knowledge of screening practices,

—— inability to assimilate new information and concepts,

—— culturally based beliefs and attitudes toward having an HPV infection.

Factors associated with access inequities include:

—— low socioeconomic status,

—— low literacy and language proficiency,

—— lack of cultural learning and adaptation,

—— ethnicity,

—— geographic area.

Participation in screening programs by aboriginal women and women living 
in remote areas is generally more irregular and infrequent than among 
other women. Low attendance may also be explained by fear of cancer and 
by culturally based embarrassment about disclosing information on sexual 
activities and undergoing a vaginal examination. For some women, HPV-
positive status may be associated with a stigma of infidelity and promiscuity.
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TECHNOLOGY EFFECTS AND EFFECTIVENESS
The HPV deoxyribonucleic acid (DNA) test is a molecular assay that is 
potentially useful for three clinical applications: 

1. as a primary screening test for detecting cervical cancer precursors, 
conducted alone or in combination with a cytology test (conventional 
cytology [Pap smear] or LBC);

2. as a triage test for women with borderline abnormalities to determine who 
should be referred for colposcopy and biopsy; and

3. as a follow-up test for treated high-grade intraepithelial lesions.

Only the first two clinical applications are reviewed in this report.

The two HPV DNA tests approved by Health Canada for detecting HPV in 
clinical specimens are based on two different technologies:

1. hybridization-based assays (Hybrid Capture® HC2),

2. polymerase chain reaction (PCR) based assays (AMPLICOR®).

The HC2 HPV DNA test is approved by the United States Food and Drug 
Administration for two uses:

1. as a stand alone test in the triage of women with Pap smear results 
showing atypical squamous cells of undetermined significance (ASCUS)  
to colposcopy,

2. in conjunction with the Pap test to screen women 30 years of age and 
older for the presence of high-risk HPV types.

The HC2 HPV DNA assay is not approved as a stand-alone primary screening 
test in the United States, whereas Health Canada does not specify its approved 
utilization status.

According to the 2007 Canadian Consensus Guidelines on HPV, the HPV 
DNA test has not been integrated into screening programs in Canada, but it is 
recommended for the triage of women over the age of 30 years with ASCUS 
cytology results. According to the manufacturer, the HC2 HPV DNA test is 
used in almost every Canadian province except Saskatchewan. Recently in 
Alberta, the Provincial Laboratory in Calgary has switched from Pap smear 
to LBC and has also initiated the use of the HC2 HPV DNA test. The HPV 
DNA test is funded by the provincial healthcare systems in Newfoundland and 
Labrador only when it is ordered by a gynaecologist or obstetrician. The test is 
considered optional in Ontario.

Both the HC2 HPV DNA and AMPLICOR® assays are able to identify 13 
high-risk types of HPV, including HPV-16, -18, and -45, but they cannot 
distinguish the type(s) of HPV present in the specimen. Detection of an 
HPV infection, however, is not an indicator of cytological or histological 
abnormalities, as most women infected with one or more high-risk HPV types 
do not develop grade 2/3 CIN or cancer.
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The laboratory technician training required to use the HC2 HPV DNA 
assay is considered to be less complex and demanding than that required for 
interpreting a Pap smear or LBC test. In contrast, the PCR-based technology, 
AMPLICOR®, requires additional skills in DNA processing, as well as facilities 
with safeguards for avoiding specimen contamination. The HC2 HPV DNA 
test can be taken directly from the LBC vial, although this increases technician 
workload. Both assays are considered more reliable and reproducible (with low 
inter- and intra-laboratory variation) than cytology (Pap smear or LBC), which 
requires interpretation by a pathologist.

Performance characteristics are usually measured in terms of a test’s 
sensitivity and specificity in comparison to a reference or gold standard—in 
this case, colposcopy. Sensitivity is the screening test’s capacity to correctly 
categorize women who have the preclinical disease. Specificity is the test’s 
capacity to correctly categorize women who do not have the preclinical 
disease. Acceptable levels of sensitivity and specificity are determined by 
weighing the consequences of leaving cases undetected (false negatives) 
against those of classifying healthy women as diseased (false positives). 
Increasing the ability of the screening test to avoid missing a true positive 
comes at the expense of increasing the number of women wrongly labelled as 
having the disease (false positives).

The positive predictive value (PPV) is a measure of the probability that a 
woman with a positive test result actually has the disease, whereas the negative 
predictive value (NPV) is a measure of the proportion of women with a 
negative test result who do not have the disease. PPV and NPV are influenced 
not only by the sensitivity and specificity of a test, but also by the prevalence 
of the preclinical disease. If the population is at low risk of having the disease, 
results that are positive will mostly be false positives. For a rare disease, such 
as cervical cancer, an increase in the specificity of a screening test will have a 
much greater effect on the PPV than an increase in sensitivity.

Review Findings

The Technology Section focuses on the performance characteristics and 
safety of the HPV DNA test in comparison with either Pap smear or LBC as a 
primary screen in asymptomatic women or a triage in women with cytological 
abnormalities. The data have been split into two age categories: 1) women 
younger than 30 years of age; and 2) women 30 years of age and older.

The HC2 HPV DNA  test was used consistently in all studies. Cytological 
changes noted on a Pap smear or LBC that indicate increased risk for cervical 
carcinoma are reported as ASCUS, low-grade squamous intraepithelial lesion 
(LSIL), and high-grade squamous intraepithelial lesion (HSIL). Histological 
diagnosis (colposcopy) is defined as CIN1 to CIN3 and carcinoma, which 
relate to LSIL, HSIL, and invasive cancer, respectively.
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Only the Canadian study took a random sample of women with negative 
test results and referred them to colposcopy for verification. As values for 
sensitivity can be overestimated when lesions are verified only in participants 
with positive results, the capacity of the tests to pinpoint women with 
preclinical disease or cancer may have been overestimated in all but one of 
the included studies.

Effectiveness

A. Primary screening with the HPV DNA test 

 A.1  Women 30 years of age and older

 HPV DNA test at any cut-off value (1 pg/mL to 2 pg/mL) compared with 
Pap smear or LBC (cut-off ASCUS) with a histological outcome of CIN2+ 
or CIN3+.

 Based on sensitivity alone, more women with preclinical disease or cancer 
were detected with the HPV DNA test than a Pap smear or LBC. The 
PPV varied while the NPVs were similar across all three tests. The PPV 
was higher for the Pap smear test than for the HPV DNA test, indicating 
fewer false positive results with the Pap smear test than with the HPV 
DNA test, thus exposing fewer women to unnecessary colposcopy. The 
LBC had a lower PPV than either the Pap or the HPV DNA tests.  
Co-testing (using combined Pap smear and HPV DNA tests) further 
increased the sensitivity and NPV for detecting high-grade CIN lesions, 
but at the expense of a considerable reduction in specificity and PPV. Thus, 
co-testing increased the number of unnecessary referrals, compared with 
either the HPV DNA test or the Pap smear test alone.

 A.2  Women younger than 30 years of age

 HPV DNA test at any cut-off value (1 pg/mL to 2 pg/mL) compared with 
Pap smear or LBC (cut-off ASCUS) with a histological outcome of CIN2+ 
or CIN3+.

 Based on sensitivity alone, more women with preclinical disease or 
cancer were detected with the HPV DNA test than with the Pap smear 
test. The PPV was higher for the Pap smear than for the HPV DNA test. 
The Pap smear test produced fewer false positive results at a 1 pg/mL 
cut-off. At 2pg/mL, there were no differences in effectiveness between 
the Pap smear test and the HPV DNA test. Performance characteristics 
for LBC were not provided.

B. Triage with the HPV DNA test

 B.1  Women 30 years of age and older

 HPV DNA test at 1 pg/mL compared with Pap smear or LBC (cut-off 
ASCUS) with a histological outcome of CIN2+ and CIN3+.
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 For women with ASCUS cytology, the HPV DNA test had the highest 
sensitivity, referring 19% fewer women for colposcopy than were referred 
by repeat LBC (e.g., in a population of 1000 women,the HPV DNA 
test would refer 312 women to colposcopy, whereas repeat LBC would 
refer 501 [a higher number of false positives]). No research evidence was 
available that compared the Pap smear with the HPV DNA test.

 B.2  Women younger than 30 years of age

 HPV DNA test at 1pg/mL compared with Pap smear or LBC (cut-off 
ASCUS) with a histological outcome of CIN2+ or CIN3+.

 For women with ASCUS cytology, the HPV DNA test had a higher 
sensitivity and was more effective than repeat LBC at detecting women 
who required referral, even though the proportion of women referred for 
colposcopy was similar for both tests. No research evidence was available 
that compared the Pap smear test with the HPV DNA test.

Safety

Safety issues or risks associated with sample collection of cervical cells for 
the HPV DNA tests were not evaluated in the available research literature. 
Although malfunctions or operator errors could be encountered, the HPV 
DNA assay does not appear to have any direct adverse effects on women’s 
health. A true HPV-positive result may be associated with psychosocial 
effects such as anxiety and distress, although the infection frequently clears up 
without progressing to more serious lesions. A false positive result may lead to 
unnecessary uncomfortable or invasive treatment, but this is also true for false 
positives from a Pap smear test and LBC test. A false negative result with any 
of the tests can have serious implications if a woman with preclinical disease is 
not referred for appropriate treatment in a timely manner.

Conclusion

Based on the research evidence, the HPV DNA test had a consistently higher 
sensitivity than cytology tests (Pap smear and LBC) for detecting preclinical 
CIN2+ lesions, although the high number of women incorrectly labelled as 
having preclinical disease is an issue. In terms of PPV, the Pap smear was 
superior, with a consistently higher specificity and lower number of false 
positives. Current research evidence, therefore, supports the use of the Pap 
smear test or the LBC test as a primary screen in any age group and the HPV 
DNA test as a triage tool for women in any age group with ASCUS cytology.

The Alberta Cervical Cancer Screening Working Group’s guideline, published 
in 2000 and updated in 2007, is currently under review. The value of HPV 
DNA testing in detecting high-grade lesions among women with an ASCUS 
cytology result is noted; however, its role in routine primary screening or triage 
has yet to be decided.
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An ongoing trial in British Columbia will provide more evidence on the role 
of the HPV DNA test as a primary screening tool followed by LBC triage of 
HPV-positive women, compared with cervical cytology (LBC) screening alone. 
The trial includes asymptomatic women over the age of 25 years and should be 
concluded by 2014.

It is anticipated that the recent introduction of the HPV vaccination as a 
primary prevention strategy will require a revisitation of cervical cancer 
screening tests to maximize cancer prevention strategies for Canadian women.

ECONOMIC EVALUATION

Summary of Cost Effectiveness Studies of HPV DNA TESTING in 
Cervical Cancer Screening

Objectives

The impacts of HPV DNA testing on health care costs and health outcomes 
relative to existing cervical cancer screening protocols in Alberta are unknown. 
The objective of this report is to review the current economic evidence related 
to HPV testing, to provide some indication of these potential impacts.

Methods

Selected databases were searched for economic information related to HPV 
testing. In this review, as is widely accepted in the literature, a screening 
strategy was considered cost-effective if its additional cost per additional 
life years saved (LYS) is less than $50,000. For each study reviewed, the 
screening strategy with the lowest cost per LYS was deemed to be the most 
costeffective tool.

Review Findings

HPV DNA testing as a Primary Screening Test

Three studies considered HPV DNA testing for primary screening. The 
evidence from two studies indicates that alternatives using cytology1 were more 
cost effective than HPV DNA testing. One study found that HPV testing on a 
quinquennial basis was more cost effective than conventional cytology on an 
annual basis. Longer screening intervals for cytology were not considered.

HPV DNA testing as a Triage Test

Eight studies considered HPV testing as a triage tool for cytological 
equivocal results. The evidence from six studies indicates that HPV testing for 
triaging would be the cost-effective strategy. Two studies found that repeat 
conventional cytology was more cost-effective than HPV DNA testing.

1 One study found conventional cytology to be the most cost-effective; the other, LBC.
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Applicability to the Alberta Context

The difference in results between studies may be attributed to variations 
in input parameters and structural assumptions. These include the age of 
the population being screened, coverage rates, the unit cost of tests, the 
natural progression rate to cervical cancer, the prevalence of HPV infection, 
compliance rates, screening intervals considered, and the assumed impact on 
life expectancies. Consequently, these factors also limit the relevancy of the 
findings to the Alberta context given the differences in Alberta epidemiology 
and the Alberta cervical cancer screening program. For instance, the prevalence 
of high risk HPV infection differ in Alberta (e.g., Canadian estimates of high 
risk HPV incidence is higher than estimated in the studies) and the coverage 
rate for cervical cancer screening is less than 100% (many of the studies 
assumed 100% coverage).

Therefore, due to the lack of generalizability to Alberta, the relative cost-
effectiveness of conventional cytology, LBC, and HPV testing in Alberta 
is unknown. Furthermore, with reference to the effect of HVP testing on 
compliance rates, none of the studies included in the review considered:

—— the infrastructure and training costs to set up and maintain widespread 
HPV testing and/or LBC screening,

—— the impact on wait-times for screening, diagnosis, and/or treatment,

—— the psychological impact of being tested for a sexually transmitted disease.

Conclusion

Overall, the evidence from the published economic literature suggests that for 
primary screening, alternatives using conventional cytology or LBC are more 
cost effective than alternatives employing HPV testing. For use as a triaging 
tool, the cost effectiveness of HPV testing is variable and is dependent on the 
alternatives considered.
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ECONOMIC ANALYSIS

Objective

This subsection is intended to evaluate the costs and health benefits 
associated with alternative screening/testing strategies for cervical cancer 
(CC) in Alberta. Building upon the evidence presented in the previous 
sections of this STEP report, the economic analysis will elucidate, from a 
payer’s perspective, the cost and health impacts of proposed alternative CC 
screening/testing strategies for Alberta.

Methods

Screening Alternatives

TABLE 1: SCREENING ALTERNATIVES

ALGORITHM
SCREENING 
TEST TRIAGE TEST

FOLLOW-UP (6-MONTH 
INTERVALS)

PAP+PAP (CURRENT) PAP No triage PAP

PAP+HPV+PAP PAP HPV PAP

PAP+HPV+PAP-age PAP HPV if ≥ 30 years old

No triage if < 30 years 
old

PAP

LBC+HPV+LBC LBC HPV LBC

LBC+HPV+LBC-age LBC HPV if ≥ 30 years old

No triage if < 30 years 
old

LBC

HPV+LBC+HPV/LBC HPV LBC HPV/LBC Simultaneously

HPV+LBC+HPV/
LBC-age

HPV if ≥ 30 
years old

LBC if < 30 
years old

LBC if ≥ 30 years old

No triage if < 30 years 
old

HPV/LBC if ≥ 30 years old

LBC if < 30 years old

Each alternative is evaluated at 1, 2, and 3 year screening intervals, thus 
evaluating a total of 21 screening/testing strategies. It is important to note that 
PAP+HPV+PAP-age and PAP+HPV+PAP were not included in the original 
analysis. After analyzing the results of the other alternatives, PAP+HPV+PAP-
age and PAP+HPV+PAP were identified as potentially providing a good 
balance in overall sensitivity (i.e., accuracy in detecting presence of condition) 
and specificity (i.e., accuracy in detecting absence of condition). 

Analysis

A cohort simulation model was used to determine costs and outcomes of 
each screening alternative for girls 12 years of age followed until 80 years of 
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age (i.e., modelled over their lifetime). Inputs for the model parameters were 
derived primarily from Alberta sources, including screening coverage rates, 
CC incidence rates, CC mortality rates, and costs. Inputs for which Alberta 
data was unavailable were supplemented with estimates obtained from 
published research.

Cost components included Alberta costs of tests and Alberta resource costs 
(physician, hospital, and outpatient services) associated with diagnosis (colposcopy 
and biopsy), treatment (conisation, hysterectomy, pelvic lymphadenectomy, 
chemotherapy, and radiation), and palliative care. The primary measure of health 
outcome was quality adjusted life years gained (QALYs).

Key Findings

Value for money

—— PAP+HPV+PAP-age at a 3 year screening interval emerged as the most 
cost effective algorithms among the algorithms considered.   
PAP+HPV+PAP-age at a 3 year screening interval is cost effective   
because it is less costly and more effective than 1 year PAP+PAP  
saving $16,078 per additional QALY gained (i.e., per additional year  
of life lived in perfect health). 

—— The remaining alternatives were considered not good value for money 
for the following reasons:

 • HPV+LBC+HPV/LBC at all screening intervals is more costly  
 and less effective than what is currently in Alberta. 

 • HPV+LBC+HPV/LBC-age at all screening intervals, with the  
 current Alberta algorithm extended to 2 and 3 year screening  
 intervals, would increase CC cases and deaths. 

 • LBC+HPV+LBC and LBC+HPV+LBC-age at all screening  
 intervals and PAP+HPV+PAP or PAP+HPV+PAP-age at 1 and 2  
 year screening intervals were more effective, but also more costly.  
 However the additional health gain would be considered too  
 expensive by most cost-effectiveness standards.

Resource implications

—— Identifying the resource implications to disparate health sectors is 
beyond the scope of the STEP analysis. However further analysis  
was conducted to provide deeper insight into the resource  
implications on the various health system sectors associated  
with cervical cancer screening.

—— The resource implications for PAP+HPV+PAP-age and 
LBC+HPV+LBC-age at 3 year screening intervals, compared to  
the current Alberta CC screening/testing algorithm of PAP+PAP at  
1 year screening intervals, are shown in Table 2.
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TABLE 2: PERCENT CHANGE IN SPECIFIC COST COMPONENTS IF SWITCHING  
THE CURRENT ALBERTA STRATEGY OF PAP+PAP AT A 1 YEAR SCREENING 
INTERVAL TO EITHER PAP+HPV+PAP-AGE OR LBC+HPV+LBC-AGE AT A 3 YEAR 
SCREENING INTERVAL

COST CATEGORY 3YR-PAP+HPV+PAP-AGE 3YR-LBC+HPV+LBC-AGE 

Testing 21% net decrease 20% net increase

Inpatient 1% net increase 1% net increase

Physician 16% net decrease 17% net decrease

Outpatient 28% net increase 28% net increase

Unnecessary 
Colposcopies/Biopsies

66% net increase 69% net increase

Total 0.2% decrease 1.9% increase

Conclusion

There are trade offs in costs and improved health outcomes associated with 
each CC screening/testing algorithm. Identifying the CC screening/testing 
algorithm that provides the best balance between costs and improved health 
outcomes for women in Alberta requires careful consideration of which test 
is used (PAP, LBC, or HPV), at what stage in the screening/testing process 
(e.g., primary, triage, or follow-up), while taking into account age, risk, and 
the natural progression or regression of pre-cancerous lesions. Among the 
21 algorithms considered in this analysis, PAP+HPV+PAP-age at a 3 year 
screening interval emerges as the algorithm that provides the best value (i.e., 
health improvement) for money.

PAP+HPV+PAP-age at a 3 year screening interval is cost effective because it 
is less costly and more effective than PAP+PAP at a 1 year interval. Economic 
evidence supports replacing the current Alberta CC screening/testing 
algorithm with PAP+HPV+PAP-age at a 3 year interval, provided that clear 
guidelines are developed and continuing education is provided for clinicians.

Additional effectiveness (i.e., further reduction of CC cases and deaths) can 
be achieved over PAP+HPV+PAP-age at a 3 year interval with algorithms 
employing LBC as the primary screening test. However their additional costs 
are considered too expensive and not good value for money.

Regardless of which algorithm (if any) replaces 1 year PAP+PAP, it is critical 
that decision-makers be cognizant of:

—— the differential resource implications for testing, physician service, 
inpatient service and outpatient services,

—— the increase in the number of unnecessary referrals to colposcopy/biopsy.
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SOCIAL AND SYSTEM DEMOGRAPHICS

SUMMARY

Clinical Condition

The human papillomavirus (HPV) infects skin and mucous membranes and 
is one of the most common sexually transmitted diseases. More than 100 
HPV types have been identified, the majority of which are low-risk strains 
associated with benign epithelial cervical changes that resolve spontaneously 
over time. Thirteen HPV types (HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, 
-56, -58, -59, -68) are considered high-risk strains and are associated with 
cervical intraepithelial neoplasia (CIN), a precursor of cervical malignancy and 
invasive cervical cancer (ICC). HPV types -16, -18, and -45 are the types most 
frequently found in ICC.

Epidemiology and Risk Factors

In Canada, there are approximately 13.5 million women aged 15 years or older 
who are at risk of acquiring genital HPV infection and developing cervical 
cancer. Differences among Canadian provinces in data collection and cervical 
screening programs have made it difficult to obtain nationwide data on the 
burden of HPV infection. Data from the World Health Organization indicate 
that about 22% of Canadian women will harbour a cervical HPV infection at 
some point during their lifetime. The prevalence of oncogenic HPV types has 
been estimated at 9.6%, with the majority of ICC cases (71%) being attributed 
to HPV-16 and -18.

The likelihood of having an HPV infection increases with the severity of the 
lesion identified by cytology at screening, as follows:

—— 22% among women with normal cytology

—— 88% among women with low-grade lesions

—— 98% among women with high-grade lesions

The chance of contracting an HPV infection is highest following the onset of 
sexual activity and then decreases with age. Although young women have the 
highest rates of HPV infection, the incidence of cervical cancer among this 
age group is generally low. While cervical lesions and cancer are diagnosed 
across all age groups, some association between age and severity of disease 
has been reported.

During 2008, an estimated 1300 Canadian women were diagnosed with 
cervical cancer; 380 died from the disease, making cervical cancer the eleventh 
most frequent cancer in women. The probability of developing cervical cancer 
at any point in a woman’s life is 0.7%, while the probability of dying from 
cervical cancer is 0.2%.
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The prevalence of HPV infection is higher in women under 30 years of age; 
most of these infections resolve. The prevalence for women 30 years of age and 
older is lower, but is more frequently associated with CIN2, CIN3, or cancer.

While the incidence of cervical cancer in Alberta has remained stable over 
the last 15 years, the mortality rate for cervical cancer has declined. In 2004, 
the prevalence of cervical cancer in Alberta ranged from 0.38 per 100 for 
women aged 65 to 69 years to 0.01 per 100 for women aged 20 to 24 years. 
The majority of new cases were found in three age groups: (1) women aged 
30 to 34 years; (2) women aged 45 to 49 years; and (3) women aged 55 to 59 
years and up. In Alberta, there were 180 cases of cervical cancer in 2008, with 
40 deaths attributed to the disease. Mortality rates due to cervical cancer were 
higher among those 75 years of age or older.

Risk Factors

The strongest risk factor:

—— for acquiring an HPV infection is the sexual behaviour of women 
and their partners

—— for developing cervical cancer is persistent infection with a high-risk 
HPV type

Other important cofactors that can influence the progression of HPV infection 
to cancer include:

—— socioeconomic status,

—— number of sexual partners,

—— the behaviour of male partners,

—— sexual activity prior to age 18,

—— parity,

—— use of oral contraceptives,

—— smoking,

—— lack of attendance at screening programs,

—— ethnicity.

Detection and Treatment

The objective of cervical screening is to detect and treat precancerous lesions 
in order to reduce cervical cancer incidence and mortality. Until the recent 
introduction of new technologies such as liquid-based cervical cytology (LBC) 
and HPV molecular testing, conventional cervical cytology (Pap smear) was 
the only cervical screening test available in Canada.

When abnormal cytological findings are detected, colposcopy and biopsy are 
used to confirm the diagnosis. About 20% to 45% of untreated CIN2 and CIN3 
lesions will progress to cervical cancer within the first years of persistent  
high-risk HPV infection.
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Management will depend on the clinical circumstances. Treatment options 
for precancerous cervical lesions may include conization, laser surgery, loop 
electrosurgical excision, and cryosurgery. Treatments recommended for ICC 
vary by the clinical stage of the disease and may include surgery (e.g., simple 
hysterectomy, radical hysterectomy and pelvic lymphadenectomy, or radical 
trachelectomy), external beam radiotherapy, and chemotherapy.

Although cancer screening policies differ by province, cervical cancer screening 
is available in Canada to all eligible women. Alberta has a partially organized 
screening program that includes annual screening for all sexually active women 
aged 18 to 69. The 2006 Canadian Community Health Survey data on cervical 
screening practices in Alberta show that among women 18 years or older, 
participation in screening programs has increased slightly, from 78.5% in 2004 
to 79.9% in 2006. This rate is similar to the national average. Among Albertan 
women who have ever had a Pap smear test, the majority have been screened 
between 6 months and 1 year ago (28%).

Barriers to the implementation of screening programs include:

—— socioeconomic characteristics,

—— inequities in access to healthcare services,

—— lack of knowledge of screening practices,

—— inability to assimilate new information and concepts,

—— culturally based beliefs and attitudes toward having an HPV infection.

Factors associated with access inequities include:

—— low socioeconomic status,

—— low literacy and language proficiency,

—— lack of cultural learning and adaptation,

—— ethnicity,

—— geographic area.

Participation in screening programs by aboriginal women and women living 
in remote areas is generally more irregular and infrequent than among 
other women. Low attendance may also be explained by fear of cancer and 
by culturally based embarrassment about disclosing information on sexual 
activities and undergoing a vaginal examination. For some women, HPV-
positive status may be associated with a stigma of infidelity and promiscuity.

INTRODUCTION
The social and system demographic analysis for the health technology review 
on human papillomavirus (HPV) testing summarizes key information on 
the provision of HPV testing. The analysis will describe the illness profile 
and natural history of HPV infection and cervical cancer, the burden of 

IHE_HPV-V4.indd   4 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta 5

HPV infection and cervical cancer, and the population dynamics of affected 
invididuals, as well as identifying patterns of care and potential inequities in 
the provision of screening programs. Potential barriers in implementing a 
screening program (e.g., cultural, psychological, economic, policy, and health 
resource values) and the complications of the introduction of HPV testing 
will also be discussed.

PROFILE OF ILLNESS AND NATURAL HISTORY OF 
HPV INFECTION AND CERVICAL CANCER
Genital infection with HPV is the most common sexually transmitted viral 
infection worldwide.1,2 HPV is a diverse group of small non-enveloped 
deoxyribonucleic acid (DNA) viruses having a circular genome of 
approximately 8000 base pairs and an icosohedral viral capsid composed of 
two proteins, L1 and L2.3,4

HPV infection is acquired predominantly from direct skin-to-skin contact and 
replicates on body surface tissues such as the skin or the mucosal surfaces 
of genitals, anus, and mouth. Of the more than 100 types of HPV that have 
been characterized molecularly, over 40 are thought to infect the mucosa 
and genital skin of the cervix, vagina, vulva, penis, and perianal areas.3 Genital 
HPV infections occur predominantly, although not exclusively, through sexual 
transmission, with or without intercourse.2,5

The genital HPV strains can be divided into three groups based on their 
oncogenic potential: high-risk strains or carcinogenic types (HPV-16, -18, -31, 
-33, -35, -39, -45, -51, -52, -56, -58, -59), low risk viruses associated with benign 
epithelial lesions affecting the anogenital areas (HPV-6, -11, -40, -42, -43, 
-44, -54, -61, -70, -72, -81, -89), and a group of six HPV strains (HPV-26, -53, 
-66, -68, -73, -82) considered probably oncogenic since there is limited data 
associating these HPV types with cervical cancer.3,6-9 Co-infection with more 
than one HPV type is possible.10 Other sexually transmitted diseases (STDs), 
such as herpes simplex and bacterial vaginosis, may facilitate cutaneous and 
mucosal entry of the virus.10

The vast majority of HPV infections are transient and produce no signs or 
symptoms or detrimental clinical effects.3,11,12 HPV in adolescents is frequently 
short lived and spontaneously regressive, whereas infection in older women 
tends to persist.2 The median infection duration is about 8 months for high-risk 
HPV types, compared with 4.8 months for the low-risk types.5 About 70% to 
90% of new infections resolve spontaneously within 1 to 2 years;2,10,12 however, 
some clinical manifestations of genital warts or early cervical dysplastic changes 
can develop in a small proportion of those infected (10% to 20%), depending 
on the HPV genotype and the host/virus interaction.4,13,14

If HPV infection of the cervical epithelium persists, cervical cancer can 
eventually develop over a period of approximately 12 to 15 years via a  
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multi-step process.2,5 Previous epidemiological and molecular studies have 
shown that persistent infection with high-risk types of HPV is a necessary (but 
not sufficient) factor in the development of cervical intraepithelial neoplasia 
(CIN), and a precursor of cervical malignancies and invasive cervical cancer 
(ICC).2,5,10,12-21 If left untreated, approximately one-fifth of lesions associated 
with HPV will ultimately develop into cervical cancer.2 Other cofactors may be 
implicated (e.g., number of sexual partners, long-term oral contraceptive use, 
high parity, presence of other sexually transmitted infections, and smoking) and 
certain molecular events must occur in order for neoplasia to develop.5,22 In the 
absence of HPV infection, it is uncertain whether these co-factors increase the 
risk of cervical cancer.23

Recent studies have shown that the proportion of cervical cancer attributable 
to high-risk HPV infection lies in the 90–95% range in all geographical 
populations.23 Results from a meta-analysis of 85 studies using polymerase 
chain reaction (PCR) have shown that eight HPV types (HPV-16, -18, -45, -31, 
-33, -58, -52, and -35) account for approximately 90% of cervical cancer cases 
in most countries.24 HPV types -16 and -18 account for approximately 70% of 
the cervical cancer cases in most countries, followed by HPV-45 (2% to 8%) 
and HPV-31 (2% to 7%) (HPV-5, -6, -10, -12, -15, -25).26

The long lapse of time between HPV infection and ICC means that cytologic 
screening programs can detect early tissue abnormalities and diminish the 
risk of their progression to malignancy. Different cytologic categories are used 
to classify abnormal screening tests. The 2001 Bethesda System (Figure 1) is 
used for reporting the results of cervical cytology. Abnormal tissue findings 
on screening can also be expressed in terms of dysplastic changes: mild, 
moderate, severe, and carcinoma in situ. In the Bethesda System, mild dysplasia 
is classified as LSIL and moderate or severe dysplasia and carcinoma in situ 
are combined into HSIL. The term cervical intraepithelial neoplasia (CIN) 
is also used to describe a series of histological stages that indicate abnormal 
tissue findings. CIN1, CIN2, and CIN3 are terms that describe the degree of 
abnormal growth of cells in the cervix.1,27
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FIGURE 1: THE BETHESDA SYSTEM, 2001

Having an infection with HPV, however, does not mean a woman is destined 
to develop CIN or cervical cancer. Infection with low-risk HPV types rarely 
become persistent and the probability of progression to CIN2-3 is very low.5 
Only women who develop persistent high-risk HPV infections are at risk of 
developing CIN2 or CIN3 and ICC.29,30 There is evidence that a substantial 
proportion (15–30%) of women with high-risk HPV without cytomorphologic 
abnormalities at first screening will develop CIN2/CIN3 within the following 
4 years. About 20–45% of the CIN2/CIN3 lesions will progress to cervical 
cancer when left untreated within the first years of persistence.8,27,31

In particular, persistent infection with certain oncogenic types (e.g., HPV-16 
and -18) can reduce the time required for progression from cervical tissue 
abnormalities to cervical cancer.8

Studies have shown HPV-16 to be the most common type in both low-grade 
squamous intraepithelial lesion (LSIL) and high-grade squamous intraepithelial 
lesion (HSIL).32,33 A 2004 meta-analysis of 53 studies showed that, among 
5910 HPV-positive LSIL, the most common type was HPV-16 (26%), followed 
by HPV-31 (12%), -51 (11%), -53 (10%) and -56 (10%). Numerous additional 
types were represented by less than 10% of cases, underscoring the broad 
heterogeneity of HPV types in LSIL.33 A similar meta-analysis examining 
HSIL cases found the most common HPV types, in order of decreasing 
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prevalence, to be: HPV-16, -31, -58, -18, -33, -52, -35, -51, -56, -45, -39, -66, and 
-6.24 Evidence has shown that HPV types -16, -18, and -45 are very prevalent 
in squamous cell carcinoma (SCC), suggesting that these HPV types have an 
increased potential to induce the development of malignancies.34

Cervical cancer appears earlier in life than other malignancies.35 Cervical cancer 
is often asymptomatic35 and when left untreated, cervical cancer can grow and 
metastasize into regional lymph nodes.36 Two-thirds of all cervical cancers 
are squamous cell carcinomas, while much of the remaining 33 percent are 
adenocarcinomas.37 Tumors are staged using the International Federation of 
Gynaecology (FIGO) system,38 (Table 1 ) which takes into consideration tumor 
grade, depth, width, and extent of invasion.

TABLE 1: FIGO STAGING OF CERVICAL CANCER

STAGE DESCRIPTION

Stage 0 Carcinoma in situ

Stage Ia1

Stage Ia2

Invasive carcinoma, confined to cervix, lesion ≤3 mm deep, ≤ 7 mm wide

Invasive carcinoma, confined to cervix, lesion >3 mm and ≤ 5 mm deep, ≤ 7 mm wide

Stage Ib1

Stage Ib2

Invasive carcinoma, confined to cervix, lesion ≤ 4 cm

Invasive carcinoma, confined to cervix, lesion > 4 cm

Stage IIa

Stage IIb

Tumor extended beyond cervix to vagina (but not lower third)

Tumor extended beyond cervix, parametrial invasion (but not to pelvic side wall or lower 
third of vagina)

Stage IIIa

Stage IIIb

Tumor extended to lower third of vagina (but not to pelvic side wall)

Tumor extended to pelvic side wall, interferes with kidney function

Stage IVa

Stage IVb

Tumor extended into bladder or rectum

Distant metastasis

POPULATION DYNAMICS OF AFFECTED PATIENTS

Trends in prevalence and incidence: HPV infection

It has been estimated that at least 50% of sexually active individuals in the 
general population would acquire a genital HPV infection at some point in 
their lives.3,39 Since HPV is currently not a reportable sexually transmitted 
infection, accurate surveillance data remain unavailable.40 However, estimates 
reported in the scientific literature suggest that, among asymptomatic women 
within the general population, prevalence of HPV infection ranges from 2% to 
40%.12 The lifetime risk for women of contracting HPV has been calculated at 
80%, resulting in genital warts in 5%, abnormal cervical scrapings in 35%, CIN 
in 25%, and ICC in less than 1%.41

Important geographical variations exist in the prevalence of HPV infection. 
A pooled analysis of survey data conducted by the International Agency for 
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Research on Cancer (IARC) examined the prevalence of HPV infection in 15 
regions across four continents.42 Age-standardized prevalence estimates ranged 
from less than 5% in some Southeast and Mediterranean countries to greater 
than 15% in Latin American and African populations.42

Age structure: HPV infection

The prevalence of HPV infection rapidly rises following the onset of sexual 
activity and decreases with age.10 The highest rates of HPV infection are 
observed in late adolescence and among young women (i.e., 20 to 24 years, 
44.8%) compared to 27.4% among women aged 25 to 29 years and 24.5% 
among women aged 14 to 19 years.12 Women in these age groups tend to have 
multiple partners within several years of the onset of sexual activity, thereby 
developing multiple sequential infections with various HPV types.21 Prevalence 
rates drop sharply in women around age 30 and subsequently decline in 
older age groups, as women generally have fewer sexual partners resulting in 
decreased risk of HPV infection.2,21 Some studies have found a second peak 
around age 45 or older; the rate of infection was significantly higher among 
women 45 to 49 years of age (13%) compared to those 40 to 44 years of age 
(3.3%).16 These post-menopausal increases in HPV prevalence are observed in 
the Americas, while the plateau during middle age is maintained in European 
countries.43 Regardless of age group, studies that include female sex workers, 
women who are attending STD clinics, or those who are incarcerated have 
reported the highest HPV prevalence rates, while studies on the general 
population have reported much lower age-specific rates.5

Trends in prevalence and incidence: cervical cancer

The annual incidence of cervical cancer is approximately 500,000 cases 
worldwide, making this disease the second most frequent cancer among 
women.2,44,45 The IARC has estimated the lifetime risk for developing cervical 
cancer to be 217 per 100,000 women.19 Estimates in the United States suggested 
that in 2006, approximately 9710 women will develop cervical cancer and 
3710 will die of it.21 Mortality rates for cervical cancer are substantially lower 
than incidence rates, where the global mortality-to-incidence ratio is 55%.46 
Approximately 83% of cervical cancer cases occur in developing countries, 
where this disease represents 15% of female cancers, with a cumulative risk 
of 1.5% prior to age 65.32 In contrast, cervical cancer accounts for 3.6% of 
new cancers in developed countries, with a risk of 0.8% before the age of 65.32 
Incidence rates are generally lowest in Europe, North America, and Japan, 
with less than 15 per 100,000 per year, while age-standardized incidence rates 
exceed 30 per 100,000 per year in countries of Latin America, the Caribbean, 
and sub-Saharan Africa.32 Survival rates vary by region, with fairly good 
prognoses in low-risk regions, including the United States (73% at 5 years)  
and Europe (63%).46,47
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Age structure: cervical cancer

While cervical dysplasia and cancer are diagnosed across all age groups, some 
age associations with severity of disease have been reported.48 Genital warts 
and low-grade dysplasia are most frequently diagnosed among patients aged 20 
to 29, while high-grade dysplasia is most frequently detected in those aged 30 
to 39. ICC is generally diagnosed between the ages of 40 and 49.48 Although 
young women have the highest rates of HPV infection, the incidence of 
cervical cancer is generally low among this age group.49

Ethnic/cultural mix: cervical cancer

Prevalence and mortality rates of cervical cancer vary by ethnicity in the United 
States.50 Studies have shown a 50% higher incidence rate and a 100% higher 
mortality rate of cervical cancer in African-American women compared with 
Caucasian women.51

RISK FACTORS FOR THE DEVELOPMENT OF HPV 
INFECTION AND CERVICAL CANCER

Risk factors for HPV

Epidemiological studies have repeatedly demonstrated that the sexual 
behaviour of individuals and their partners is the most important risk factor 
in the acquisition of HPV infection. Younger age at first sexual intercourse8,52 
and an increased number of lifetime sexual partners has been shown to be 
associated with a higher risk of HPV infection for both males and females.5,53 
Predictors of HPV infection include frequent changes in sexual partners,5 
the HPV risk status of partners based on their sexual behaviour patterns,8,53 
and a history of sexually transmitted infections (STIs) and alcohol and drug 
use related to sexual behaviours.2 The risk of HPV was shown to increase 
approximately 10-fold for each additional sexual partner reported in a 1-month 
interval.5 Evidence has shown that the likelihood of a women being an HPV 
carrier is related to the presence of HPV DNA on the penis or in the urethra 
of her husband or sexual partner.5 Therefore, the risk of infection is reduced 
with circumcision due to the decreased amount of noncornified epithelium 
present.8,5 In communities where female monogamy is predominant, the 
role of female sex workers plays an important role in the maintenance and 
transmission of HPV infections.5 Aside from sexual behaviour, other cofactors 
have been identified that increase the risk of HPV infection. These include 
never-married status, divorced or separated status, use of barrier contraceptives, 
and alcohol consumption.8,16 In addition, younger age, pregnancy, Hispanic 
or African American ethnicity, not being in school, nutritional factors, and 
impairment of cell-mediated immunity are also correlated with the risk of HPV 
infection.8,48 While some studies indicate that cigarette smoking and current use 
of oral contraceptives are also risk factors, there is conflicting evidence on the 
role of these factors.16,52,54
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Risk factors for cervical cancer

Persistence of infection with HPV is the most important risk factor for the 
development of cervical cancer.16,55 While HPV appears to be a necessary 
precursor of cervical cancer, additional cofactors play an important role in 
influencing the progression of HPV infection to cancer.56 One of the most 
important factors that determine the development of cervical cancer is 
women’s lack of attendance at screening programs, since regular pap tests are 
associated with decreased risk of cancer.57,58 Less access to early diagnosis or 
cytological screening not only increases the incidence of cancer, but is also 
more likely to result in higher mortality rates.57

Co-infection with other STDs, including chlamydia, gonorrhea, syphilis, or 
HIV, may act in conjunction with HPV to increase the risk of developing 
ICC.5,58 Infection with herpes simplex type 2 virus is similarly thought to 
increase the risk of cervical cancer in women with HPV.8 Hormonal factors, 
both exogenous (i.e., use of hormonal contraceptives) and endogenous (i.e., 
parity), are also cofactors in the pathogenesis of cervical cancer. Studies have 
found that the risk of cervical cancer doubles following 5 or more years of 
oral contraceptive use.52,59 A systematic review on the association between 
oral contraceptive use and cervical cancer has shown that current users of 
oral contraceptives have an elevated relative risk for cervical cancer, which 
decreases after use ceases.60 Parity is another factor associated with the 
development of cervical cancer in HPV-positive women, where a higher 
number of full-term pregnancies is related to the progression to HPV.2 HPV-
positive women who reported at least seven full-term pregnancies had a 
four-fold increase in the risk of developing cancer when compared to similar 
nulliparous HPV-positive women.61 It has been hypothesized that the decrease 
in mean number of births in developing countries may have contributed to a 
reduction in the incidence of cervical cancer; however, there is currently no 
evidence to support this speculation.5 Early menopause has also been reported 
as a significant risk factor for cervical cancer.8

Socioeconomic status and social class are also associated with the incidence 
of cervical cancer. Evidence from systematic reviews57,62 have shown an 
increased incidence of cervical cancer with numerous indicators of low social 
class, including level of education, occupation, and income level. Both active 
and passive cigarette smoking have been repeatedly associated with the 
development of cervical lesions and cervical cancer.2 Women who have ever 
smoked have a two-fold increased risk of developing cervical cancer, with 
a definite dose-response relationship.5 Some studies have found smoking to 
be associated with squamous cell carcinoma, but not adenocarcinoma.63,64 
Uncertainty remains regarding the mechanism by which cigarette smoke affects 
cervical cancer.5

Further cofactors of cervical cancer include number of sexual partners and the 
behaviour of male partners. The lifetime number of partners for men, along 
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with their having had prostitutes as sexual partners, are important factors in 
wives’ or female partners’ risk of contracting cervical cancer.5 In fact, studies 
have suggested that women’s risk of cervical cancer is as much contingent on 
the sexual behavior of their male partner as on their own sexual behaviour.5 
Sexual activity prior to the age of 18 has also been linked to cancer risk, as 
immature cells may be more likely to develop precancerous changes.58

Several additional factors have also been suggested as being linked to cervical 
cancer. Obesity appears to be a risk factor for adenocarcinoma, but not for 
squamous cell carcinoma.65 Weakness of the immune system is similarly 
thought to increase the risk of progression of HPV to cervical cancer.58 Finally, 
the incidence of cervical carcinoma is higher among African-American, 
Hispanic, and aboriginal women, suggesting that ethnicity also plays an 
important role.58

BURDEN OF THE DISEASE IN CANADA AND ALBERTA

HPV infection

Canada has a population of approximately 13.51 million women aged 15 years 
and older. Aggregate data produced by the World Health Organization (WHO) 
for Canada26 (Table 2) indicate that about 22% of Canadian women will 
harbour a cervical HPV infection at any given time in their lives. Data from 12 
epidemiological studies conducted worldwide has shown that the prevalence of 
oncogenic HPV types has been estimated at 9.6% in the general population,63 
with the majority of ICC cases (71%) attributed to HPV-16 and HPV-18.26

TABLE 2: ESTIMATES OF HPV INFECTION FOR CANADA

POPULATION

Women at risk of HPV infection—female population aged  
≥ 17 yrs (in millions)

13.5

BURDEN OF CERVICAL HPV INFECTION

HPV prevalence (%) in general population (in women with normal cytology) 21.7

Prevalence (%) of HPV-16 or HPV-18 in women with cervical cancer 71.0

Source: WHO/ICO, 2007
26

A systematic review of studies that assessed the prevalence of HPV infection 
across Canada66 has shown that HPV-16 was present in 44%, HPV-18 in 14%, 
HPV-51 in 10%, and HPV-33 in 8% of infected women/samples. The WHO 
has also provided aggregate data on the HPV prevalence and HPV type-
specific distribution in women that were cytologically tested in Canada.26 
Briefly, the prevalence of HPV infection in Canada is higher among woman 
with high-grade lesions identified by cytology (98%), followed by the 
prevalence among women with ICC that were cytologycally tested (84%) 
(Table 3). The prevalence of HPV in ICC is thought to be underestimated due 
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to limitation of study methodologies.26 Compared to other HPV strains, HPV-
16 is the most prevalent HPV type among Canadian women with precancerous 
cervical lesions and ICC that were identified cytologically (24% for low-grade 
lesions, 76% for high-grade lesions, and 48% for ICC) (Table 4). The second 
most prevalent HPV types, by cytological status, were HPV-56 for low-grade 
lesions, HPV-31 for high-grade lesions, and HPV-18 for ICC.26

TABLE 3: PREVALENCE OF HPV IN WOMEN THAT WERE CYTOLOGICALLY  
TESTED IN CANADA

NUMBER TESTED
HPV PREVALENCE
% (95% CI)

Normal cytology 2010 21.7 (19.9–23.6)

Low-grade lesions 170 87.6 (81.7–92.2)

High-grade lesions 58 98.3 (90.8–100)

ICC 172 83.7 (77.3–88.9)

Source: WHO/ICO, 2007
26

TABLE 4: TYPE-SPECIFIC HPV PREVALENCE IN WOMEN WITH PRECANCEROUS 
CERVICAL LESIONS AND INVASIVE CERVICAL CANCER IN CANADA

HPV TYPE LOW-GRADE LESIONS HIGH-GRADE LESIONS CERVICAL CANCER

NUMBER 
TESTED % 95%CI 95%CI

NUMBER 
TESTED %

NUMBER 
TESTED % 95%CI

6 170 4.1 1.7–8.3 58 17.2 8.6–
29.4

172 0.6 0.0–3.2

11 58 1.7 0.0–
9.2

122 0.0 0.0–3.0

16 170 23.5 17.4–
30.6

58 75.9 62.8–
86.1

172 47.7 40.0–
55.4

18 170 10.6 6.4–
16.2

58 8.6 2.9–
19.0

172 23.3 17.2–
30.3

31 170 7.1 3.7–
12.0

58 27.6 16.7–
40.9

172 1.7 0.4–5.0

33 170 2.9 1.0–6.7 58 5.2 1.1–
14.4

172 2.3 0.6–5.8
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35 170 0.6 0.0–3.2 58 0.0 0.0–
6.2

172 0.0 0.0–2.1

HPV TYPE LOW-GRADE LESIONS HIGH-GRADE LESIONS CERVICAL CANCER

NUMBER 
TESTED % 95%CI 95%CI

NUMBER 
TESTED %

NUMBER 
TESTED % 95%CI

39 170 6.5 2.9–
10.6

58 0.0 0.0–
6.2

96 1.0 0.0–5.7

45 170 4.7 0.0–3.2 58 0.0 0.0–
6.2

96 8.3 3.7–
15.8

51 170 8.8 3.3–
11.3

58 0.0 0.0–
6.2

96 0.0 0.0–3.8

52 170 12.9 2.1–9.1 58 0.0 0.0–
6.2

96 3.1 0.6–8.9

53 170 8.8 5.0–
14.1

56 170 12.9 8.3–
18.9

58 0.0 0.0–
6.2

96 2.1 0.3–7.3

58 170 5.3 2.4–9.8 58 0.0 0.0–
6.2

96 0.0 0.0–3.8

59 170 2.4 0.6–5.9 58 0.0 0.0–
6.2

96 0.0 0.0–3.8

66 124 8.9 4.5–
15.3

96 0.0 0.0–3.8

68 58 0.0 0.0–
6.2

96 1.0 0.0–5.7

70 50 0.0 0.0–7.1

73 96 1.0 0.0–5.7

82 96 0.0 0.0–3.8

Multiple 58 27.6 16.7–
40.9

76 2.6 0.3–9.2

Source: WHO/ICO, 2007
26

Note: Infection with more than one HPV type is possible

A systematic review of screening-based data on the prevalence of HPV 
infection in Canada66 has shown that high-risk oncogenic HPV prevalence is 
high in younger Canadian women, i.e., < 20 to 29 years (Table 5). Variations 
in prevalence estimates are wide due to several factors: studies included in the 
review were generally small and non-representative of the target populations, 
and prevalence estimates across studies were subjected to substantial 

TABLE 4: TYPE-SPECIFIC HPV PREVALENCE IN WOMEN WITH PRECANCEROUS 
CERVICAL LESIONS AND INVASIVE CERVICAL CANCER IN CANADA (CONTINUED)
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heterogeneity related to differences in disease status and methods to detect 
HPV infection.

TABLE 5: HIGH-RISK ONCOGENIC HPV PREVALENCE IN CANADA, BY AGE GROUP

APPROXIMATE AGE GROUPS (YEARS) ESTIMATED PREVALENCE (%)

< 20 14–21

20 to 29 8–22

30 to 39 7–14

40 to 49 2–13

50 to 59 3–10

≥ 60 1–18

Adapted from: Confortini et al.
66

Differences between Canadian provinces in data collection and cervical 
screening programs have meant difficulty collecting complete nationwide 
data regarding the burden of HPV infection. HPV infection is not provincially 
notifiable in Alberta and, therefore, estimates of the burden of HPV are difficult 
to compile for the province. Without surveillance data, researchers and policy 
makers would have to rely on incidental data such as laboratory testing results, 
research studies, and prevalence/incidence rates of cervical cancer to make 
inferences about HPV prevalence in Alberta.

Cervical cancer in Canada

The numbers of new cases and deaths due to cervical cancer are important 
measures of the burden of the disease on the Canadian and Albertan 
population and health care system (Table 6). According to the Canadian 
Cancer Statistics for 2008, produced by the National Cancer Institute of 
Canada, 1300 women were diagnosed with cervical cancer in Canada during 
2008 and 380 died from the disease.67 In 2008, cervical cancer was ranked 
eleventh among cancers in women in Canada, and it was the fifteenth most 
frequent cause of cancer mortality. Data from the WHO has shown that 
cervical cancer is the second most frequent cancer among Canadian women 
between 15 and 44 years of age.26 The aboriginal Canadian population seems 
to be particularly vulnerable, with higher rates of cervical cancer having been 
reported in Inuit women of Nunavut as compared to Canadian women in other 
provinces and territories.68
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TABLE 6: BURDEN OF CERVICAL CANCER IN CANADA:  
INCIDENCE AND MORTALITY, 2008

BURDEN OF CERVICAL CANCER

New cases of cervical cancer (n) 1300

Age-standardized incidence of cervical cancer rates (rate per 100,000) 7

Deaths due to cervical cancer (n) 380

Age-standardized mortality of cervical cancer rates (rate per 10,000) 2

Source: Canadian Cancer Statistics 2008
67

Trends in incidence and mortality of cervical cancer in Canada

Cervical cancer incidence and mortality rates in Canada have been declining 
for many decades, largely due to widespread regular use of Pap test screening 
whereby malignant as well as pre-malignant lesions can be detected early, 
and treated. Detailed depictions of the trends in annual rates for cervical 
cancers from the years between 1979 and 2009 are presented in Figures 2 and 
3. Statistically significant differences (decreases) of 2% or more per year have 
been observed in cervical cancer over the last 30 years. The average annual 
percentage changes in cancer-specific incidence and mortality rates between 
1995 and 2004 were -2.1 and -3.3, respectively.67

FIGURE 2: AGE-STANDARDIZED INCIDENCE RATES FOR CERVICAL CANCER IN 
CANADA, 1979–2008

ASIR = Age-standardized incidence rates. Rates are standardized to the age distribution of the 1991 

Canadian population.

* Estimated rates

Adapted from: Canadian Cancer Statistics 2008
67
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FIGURE 3: AGE-STANDARDIZED MORTALITY RATES FOR CERVICAL CANCER IN 
CANADA, 1979–2008

ASMR = Age-standardized mortality rates. Rates are standardized to the age distribution of the 1991 
Canadian population.

* Estimated rates

Adapted from: Canadian Cancer Statistics 2008
67

Table 7 describes the probability of developing or dying from cervical cancer 
along with the probability, by age, of developing cancer in Canada (2004 data). 
Briefly, the probability of developing cervical cancer at any point in life is 0.7%, 
whereas the probability of dying from cervical cancer is 0.2%.67 There are no 
age differences in the probability of developing cervical cancer in the next few 
years of life. Estimates from Statistics Canada for 2001–2003 indicate that the 
estimated 5-year relative survival ratio would be 74%  
(95%, confidence interval 73 to 76).67

TABLE 7: PROBABILITY OF DEVELOPING/DYING FROM CERVICAL CANCER  
IN CANADA, 2004

LIFETIME PROBABILITY (%) OF DEVELOPING  
CERVICAL CANCER 

0.7;  
ONE IN 149.7

Lifetime probability (%) of dying from cervical cancer 0.2; one in 422.6

Probability (%) of developing cervical cancer in next years of life by age

30–39 years 0.1

40–49 years 0.1

50–59 years 0.1

60–69 years 0.1

70–79 years 0.1

80–89 years 0.1
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Adapted from: Canadian Cancer Statistics 200867

Note: The probability of developing cervical cancer were calculated based on age- and sex-specific 
cervical cancer incidence and mortality rates for Canada in 2004 and on life tables based on 2002–2004 
all-cause mortality rates. The probability of dying from cervical cancer represents the proportion of persons 
dying from cervical cancer in a cohort subjected to the mortality conditions prevailing in the population at 
large in 2004.

Cervical cancer in Alberta

The numbers of new cases of cervical cancer and of deaths due to cervical 
cancer in Alberta are important measures of the burden of the disease on the 
Albertan population and health care system (Table 8). In 2008, there have been 
about 180 cases of cervical cancer in Alberta, with 40 Albertan women dying 
from the disease.67

TABLE 8: BURDEN OF CERVICAL CANCER IN ALBERTA: INCIDENCE AND 
MORTALITY, 2008

BURDEN OF CERVICAL CANCER 

New cases of cervical cancer (n) 180

Age-standardized incidence of cervical cancer rates (rate per 100,000) 10

Deaths due to cervical cancer (n) 40

Age-standardized mortality of cervical cancer rates (rate per 10,000) 2

Source: Canadian Cancer Statistics 2008
67

Data from 2004 on the burden of cervical cancer in Alberta is available by age 
group in the Alberta Cancer Registry, which was collected through a system 
of mandatory reporting. The Alberta Cancer Registry is a population-based 
registry of information for all patients diagnosed with cancer in the province 
of Alberta, and is part of the Division of Population Health and Information 
under the Alberta Cancer Board. The incidence, prevalence, and mortality rates 
presented in the registry are based on Statistics Canada population figures. 
Briefly, the prevalence rate of cervical cancer in Alberta for 2004 was 0.15 per 
100. Prevalence rates of cervical cancer in Alberta for 2004 ranged from 0.38 per 
100 among women aged 65 to 69 years, to 0.01 per 100 among women in the 
20 to 24 years age group. Prevalence rates of cervical cancer increase by age, 
with two peaks at 65 to 69 years of age and at 75 to 79 years of age (Figure 4).
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FIGURE 4: PREVALENCE RATE OF CERVICAL CANCER IN ALBERTA, BY AGE

Prevalence rate per 100

Adapted from: Alberta Cancer Board, 200869 Data for 2004.

Data by age agroup is also available in the Alberta Cancer Registry on the 
cervical cancer incidence and mortality rates for 2004 (Table 9). A multimodal 
distribution of incidence rates for 2004 has been reported among women 
between 20 and 79 years of age. For 2004, new cases of ICC were more 
frequent between the ages of 45 and 59 years. The majority of incidence cases 
were found in the groups of 30-34, 45-49, and 55-59 years of age (17.6 per 
100,000, each). Mortality rates due to cervical cancer were higher in the older 
age groups (e.g., 75 years and more).
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TABLE 9: INCIDENCE AND MORTALITY RATES OF CERVICAL CANCER  
IN ALBERTA, BY AGE

AGE GROUP NEW CASES

ICC 
INCIDENCE 
RATE*

DEATHS DUE 
TO CERVICAL 
CANCER

MORTALITY 
RATES (PER 
100,000)

20–24 1  0.9 0 0.0

25–29 15 13.2 0 0.0

30–34 20 17.6 3 2.6

35–39 16 13.3 0 0.0

40–44 18 13.2 6 4.4

45–49 22 17.6 5 4.0

50–54 16 16.0 3 3.0

55–59 14 17.6 4 5.0

60–64 4 6.9 1 1.7

65–69 2 4.1 1 2.1

70–74 3 6.9 2 4.6

75–79 9 24.9 3 8.3

80–84 5 18.0 4 14.4

85–89 2 12.7 4 25.3

*: World (Standardized) = 7.2; US, 2000 = 9.2; Canada, 1996 = 9.1; Canada, 1991 = 9.1

Source: Alberta Cancer Board, 2008. Data for 2004.

Trends in incidence and mortality of cervical cancer in Alberta

Since the years between 1988 and 2002, cervical cancer incidence in Alberta 
has remained more or less stable, with some variations between the years 
of 1994 and 1998 when a decline in the incidence was reported (Figure 5).58 
Mortality rates from cervical cancer have been declining in Alberta over the 
last 15 years (Figure 6).
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FIGURE 5: AGE-STANDARDIZED INCIDENCE RATES AND NEW CASES FOR 
CERVICAL CANCER IN ALBERTA, 1988–2002

ASIR = 
Age-

standardized incidence rates

Adapted from: Alberta Cancer Board
58

FIGURE 6: AGE-STANDARDIZED MORTALITY RATES AND NUMBER OF DEATHS FOR 
INVASIVE CERVICAL CANCER IN ALBERTA, 1988–2002

ASIR = 
Age-

standardized incidence rates

Adapted from: Alberta Cancer Board
58
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Table 10 summarizes the mortality rates for 2002 to 2006 by age group. Cases 
were extracted from the Alberta Cancer Registry databases based on Alberta 
residency at death. The data are linked with population databases provided by 
Alberta Health and Wellness to produce the rates  
(Alberta Cancer Board, personal communication).

TABLE 10: MORTALITY RATES OF CERVICAL CANCER, 2002–2006

RATES (PER 100,000)

AGE 
GROUP 2002 2003 2004 2005 2006

20–24 years N/A 0.88 N/A N/A N/A

25–29 years N/A 0.90 N/A N/A 1.65

30–34 years 1.76 2.62 2.6 1.73 2.55

35–39 years 2.37 0.82 0.0 1.70 2.49

40–44 years 4.38 2.89 4.4 3.64 3.70

45–49 years 2.46 3.95 4.0 2.25 2.93

50–54 years 6.21 4.99 3.0 9.07 7.71

55–59 years 8.05 5.03 5.0 11.25 2.14

60–64 years 8.98 5.15 1.7 3.15 1.50

65–69 years 8.38 10.33 2.1 1.98 9.57

70–74 years 4.64 6.88 4.6 4.52 N/A

75–79 years 2.84 2.78 8.3 2.65 5.17

80–84 years 7.59 3.63 14.4 10.36 10.11

85+ years 12.29 12.64 25.3 23.22 10.95

Source: Alberta Cancer Board (personal communication)

HPV SCREENING TESTING: ECONOMIC COSTS, 
PATTERNS OF CARE, AND BARRIERS TO ACCESS

Economic costs

Several studies have addressed the cost and economic burden of cervical/HPV-
related diseases and HPV testing in the clinical setting and in society. Recent 
reviews of available costing data in the United States1 have estimated that the 
annual burden of HPV infection ranges from $2.25 to $4.6 billion US dollars. In 
2005, the burden of HPV-related conditions (including anogenital warts) was 
second only to that of human immunodeficiency virus (HIV)-related diseases, 
at $2.8 billion US dollars ($3.5 billion Canadian dollars) compared with  
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$3.0 billion US dollars ($3.7 billion Canadian dollars), respectively.70 Of the 
health care costs associated with cervical HPV-related disease in the United 
States, 66% apply to routine cervical cancer screening, about 17% are attributed 
to the management of cervical precancers, 10% to the treatment of ICC,71 and 
9% to the management of false-positive test results.71,72 On the other hand, the 
annual burden of cervical cancer has been calculated at between $181.5 million 
and $393 million (2005, US dollars).1,70,71

The social impact of HPV infections can be considerable in terms of  
quality of life, years of life lost due to premature mortality (YLL), and  
years lost due to disability (YLD). Some studies have reported that the 
knowledge of being infected with HPV1 or of having cervical cancer73 can 
impact quality of life. Similarly, because cervical cancer frequently affects 
relatively young women, it has been considered an important cause of Y 
LD.74 Cervical cancer was responsible for 2.7 million (age-weighted) YLL 
worldwide in 2000, and is considered the biggest single cause of YLL from 
cancer in the developing world.74

Patterns of care

Screening

Screening has been defined as a complex multifactorial process in which a 
disease or predisease condition is detected in people who are presumed to be 
healthy. The objective of cervical screening is to detect and treat precancerous 
lesions in order to reduce cervical cancer incidence and mortality in a  
cost-effective way. Conventional cervical cytology (i.e., the Papanicolaou smear 
test) has been used for more than 50 years to detect cervical cancer and its 
precursors in industrialized nations.72 In the last two decades, a reduction in 
the incidence of cervical cancer has been reported in places—such as Canada, 
the Scandinavian countries, and the UK—that have been able to implement and 
sustain centralized, cytology-based screening programs at relatively frequent 
intervals (every 3 to 5 years). Reported estimates of the reduction of the 
incidence of cervical cancer vary greatly from 20% to 90%.3,21,72,75,76

Cervical cytology screening has some inherent limitations. Evidence from 
meta-analyses of the diagnostic accuracy of cervical cytology has reported high 
false negative rates.13,77,78 Other limitations include poor reproducibility and the 
necessity for the test to be repeated at frequent intervals.13 Recent advances 
in cytology technology, such as liquid-based monolayer cytology (LBC) and 
computer-assisted reading of Pap slides, have attempted to overcome the 
limitations of cytological screening.

Efforts have been made to improve cervical screening by the use of new 
biological and molecular technologies such as HPV molecular testing,11 
either alone or as an adjunctive test to cytology. Three main types of HPV 
technology are currently in use: (1) a solution hybridization called the Hybrid 
Capture HPV DNA method (Digene Diagnostics, Gaithersburg, MD, USA) 
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that is aimed to identify 13 high-risk types of HPV (i.e., -16, -18, -31, -33, -35, 
-39, -45, -1, -52, -56, -58, -59, and -68); (2) an in situ hybridization test called 
Inform® HPV (Ventana Medical Systems Inc., Tucson, AZ, USA), which uses 
a polymerase chain reaction (PCR) technology called Amplicor® HPV (Roche 
Diagnostics Corp.); and (3) the Linear Array HPV Genotyping Test (Roche 
Diagnostics Corp).

HPV molecular testing has been specifically evaluated as: a) a primary 
screening test; b) an adjunct to cytology; and c) a follow-up or marker for 
‘test of cure’ post-treatment.13 The first formally accepted clinical use of HPV 
molecular testing by the Federal Drug Administration was for the triage of 
cytology results for atypical squamous cells of undetermined significance 
(ASC-US).8,13,21,77,79 High-risk HPV testing has been recommended for clinical 
use in the evaluation of women over the ages of 30 to 35 because it has been 
suggested that a positive result will have more clinical significance among that 
age group than in younger populations with a more transient pattern of viral 
infection.9,19,72,80 However, the effectiveness of this approach still needs to be 
validated by high-quality evidence.

Clinical guidelines from the American Cancer Society (ACS) and the  
American College of Obstetricians and Gynecologists (ACOG) in the United 
States81 recommend that screening should begin shortly after the onset of 
vaginal intercourse, or at age 21, whichever comes first. After the age of 30, 
the interval for conventional cervical screening can be lengthened to every 2 
to 3 years if the last three Pap test were negative.18 Screening every 2 years is 
recommended if LBC analysis is used. The guidelines suggest that combining 
testing for high-risk HPV with cytological examination may be appropriate 
for this over-30 age group,18,72,82 and recommend discontinuing screening in 
certain women (e.g., women with hysterectomy and cervix resection). Annual 
screening is recommended for women in high-risk categories  
(e.g., immunosupressed women, or those with a history of cervical cancer). 
The guidelines also suggest that women over 70 years of age may decide to 
discontinue cytological screening after consultation with their medical provider.

Treatment of cervical dysplasia and cervical cancer

Screening recommendations apply to women in the general population 
without a history of lower genital tract neoplasia. When abnormal cytological 
findings (e.g., HSIL, ASC-H, AGC, malignant cells, or persistent LSIL) are 
detected, a further evaluation is required. Colposcopy and colposcopically-
directed biopsies have become the primary method for confirming the final 
diagnosis of abnormal Pap test results,37,72 and should be considered for 
all grades of dysplasia.83 Subsequent management will depend on the final 
diagnosis and the individual clinical circumstances. A variety of treatments 
is available for precancerous cervical lesions confirmed by colposcopy or 
directed biopsy. These treatments can be used for diagnosis or for therapeutic 
purposes. Conization is a procedure that consists of the surgical removal of a 
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cone-shaped specimen of the abnormal cervical tissues with a surgical knife.83 
Laser surgery uses focused, narrow beams of light to kill precancerous or 
cancerous cells.38 Loop electrosurgical excision procedure (LEEP) uses a thin 
wire loop electrode attached to an electrosurgical generator. The generator 
transmits a painless electrical current that removes the affected cervical tissue. 
Cryosurgery is a procedure that freezes and kills abnormal cells with liquid 
nitrogen.58 Rarely, hysterectomy is indicated for management of cervical 
cancer precursors.83 These techniques are generally reported to be very 
effective, with recovery rates of over 90%.18 However, it has been estimated 
that approximately 5–15% of cases will either persist or recur, requiring close 
follow-up and treatment.18

The variety of treatments recommended for ICC varies greatly by the 
clinical stage of the disease and the probability of locoregional control and 
systemic control.83 Surgical procedures include simple hysterectomy (an 
option when there is a microscopic lesion), radical hysterectomy and pelvic 
lymphadenectomy (complete removal of the cervix, uterus, parts of the vagina, 
and lymph nodes if the high-grade tumours have progressed further), and 
radical trachelectomy (a surgical option for early-stage cancer that removes 
the cervix and the lower part of the uterus, potentially leaving enough of the 
womb to preserve fertility).36,38,83 External beam radiotherapy is the treatment 
of choice when the disease cannot be completely removed by surgery or when 
the patient is not fit to undergo major surgery. It is also used when the cancer 
has spread to other organs. Chemotherapy may be an option in conjunction 
with radiation depending on the progression of the disease.58 The most 
common regimen used for concurrent chemoradiation therapy consists of 
cisplatin followed by continuous intravenous fuorouracil infusion on days  
1 and 29 during radiation.83

Cervical cancer screening practices in Canada and Alberta: Patterns of care

Access to cervical cancer screening is available to all women who meet the 
screening criteria, either through national or provincial programs. Pap smear 
cervical cytology has been the only cervical cancer screening test available 
in Canada over the last 60 years until the introduction of new technologies 
such as LBC and HPV testing. Since 1976, organized cervical cancer screening 
programs have been recommended, and were supported in 2005 by the Public 
Health Agency of Canada.84 Table 11 summarizes the status of cervical cancer 
screening in Canadian provinces as of September 2006. Briefly, Saskatchewan 
has a fully implemented, organized screening program. British Columbia, 
Alberta, Manitoba, Ontario, Nova Scotia, and Newfoundland have partially 
organized screening programs. New Brunswick completed a pilot screening 
project, the results of which were evaluated, but has no provincial program. 
The Northwest Territories, Nunavut, Québec, and Prince Edward Island do not 
have organized screening programs. A program in Prince Edward Island was 
suspended and it is unknown whether it will be reinstated or not.
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Policies with respect to recruitment and recall differ by province. Areas of 
variation include the ability of program to recruit women by linking with a 
population dataset and whether recruitment/recall letters are sent to physicians 
or directly to women.84 Alberta and Saskatchewan have active policies for 
recruiting women for cancer screening. Among the provinces that have recall 
systems to remind about screening, only Alberta has a system where physicians 
and patients are alerted about periodic screening. Some provincial information 
systems (those in British Columbia, Alberta, Saskatchewan, Manitoba, and 
Nova Scotia) remind physicians that follow-up of patients with abnormal Pap 
tests has not been carried out. In Alberta, Saskatchewan, and Manitoba,  
follow-up reminders about abnormal Pap results are sent to both doctors and 
patients. Finally, data collection methods for registering cervical cancer cases 
include cytology, colposcopy, histology, and linkages to databases.

TABLE 11: CERVICAL CANCER SCREENING IN CANADA, SEPTEMBER 2006

REGION PROGRAM RECRUITMENT RECALL FOLLOW-UP
DATA 
COLLECTION

British Columbia P No Yes (MDs) Yes (MDs) C, Co, H, L

Alberta P Yes Yes (MDs and 

women)

Yes (MDs and 

women)

Partial

Saskatchewan O Yes Yes (women) Yes (MDs and 

women)

C, Co, H, L

Manitoba P Implementation  

pending

Implementation  

pending

Yes (MDs and 

women)

C, Co, H, HSIL, L

Ontario P No No No Partial

Quebec No No No No No

New Brunswick Pilot 

Project

— — — —

Nova Scotia P No No Co, partial L

PEI No C, H

Newfoundland P No Implementation  

pending

C, L

Implementation 

pending

Northwest 

Territories

No — — — —

Nunavut No  — — — —

C = cytology; Co = colposcopy; H = histology; HSIL = high-grade squamous intraepithelial lesions;  
L = linkages; MD = medical doctors; O = organized; P = partially organized. Source:

80,85-91

Generally, the 2001 Bethesda Classification System is used across provinces 
to interpret Pap test abnormalities. The current strategy for high-risk HPV 
testing pertains to a very specific indication: triage of women aged 30 years 
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or more who have ASC-US, to decide whether to refer for colposcopy to 
confirm the presence of cervical cancer.84,92 Table 12 summarizes the provincial 
recommendations for screening, in comparison with national guidelines. In 
Alberta, annual screening is recommended to women aged 18 to 69 who are 
sexually active.

TABLE 12: RECOMMENDATIONS FOR SCREENING IN CANADIAN PROVINCES, IN 
COMPARISON WITH NATIONAL GUIDELINES

REGION/ 
GUIDELINES

TARGET 
POPULATION 
(YEARS) INITIATION TEST INTERVAL

CESSATION 
AGE 
(YEARS)

British Columbia 20–69 After sexual debut Every 2 years, after 

normal results 3 times

69

Alberta 18–69, if ever 

sexually active

After sexual debut Annual 69

Saskatchewan 18–69 18+ Every 2 years, after 

normal results three 

times

69

Manitoba 18+, if ever sexually 

active

Within 2 years of 

sexual debut

Every 2 years, after 

normal results three 

times

69

Ontario 20–69, if ever 

sexually active

Within 3 years of 

sexual debut

Every 2 to 3 years after 

normal results three 

times

70 if adequate 

screening in 

previous decade

Nova Scotia All women who have 

ever been sexually 

active

21, or within 3 years 

of sexual debut

Every 2 to 3 years 75

PEI 20–69 18, or after sexual 

debut

Every 2 years 70

Newfoundland All women who have 

ever been sexually 

active

After sexual debut Annual None

National guidelines 18+, if ever sexually 

active

After sexual debut Every 3 years, after 

normal results twice

70 70

Source: Murphy, et al., Saskatchewan Cancer Agency, Manitoba Cancer Care, Cancer Care Ontario, 
Cancer Care Nova Scotia, PEI Pap Screening Program, Alberta Cancer Board.

80,85-91

Comprehensive Canadian data have been collected for three cycles  
(2002, 2004, and 2006) in the Canada Community Health Survey (CCHS) 
biennial, cross-sectional survey regarding screening rates of cervical cancer.  
An analysis of the CCHS biennial, cross-sectional survey has shown that, 
overall, 89% of Canadian women aged 20 to 69 years answered “Yes” to the 
question, “Have you ever had a Pap test?” The highest percentage of screening 
has been reported in the Atlantic Provinces (95%) and the lowest in Québec 
(83%).93,94 Table 13 summarizes the main characteristics of cervical screening 
coverage in Canada.
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TABLE 13: CERVICAL SCREENING COVERAGE IN CANADA

INDICATOR—SCREENING PRACTICES—CERVICAL  
SCREENING COVERAGE PERCENTAGE

Coverage in previous 3 years (data from 1998–1999)—Women aged 20–69 (%) 79

Ever screened coverage—Women aged 20–69 (%) 89

Coverage in the last 12 months—Women aged 18–69 (%) 53

Coverage in the previous 3 years (2000–2001)—Women aged 18–69 (%) 73

Source: WHO/ICO, 2007
26

An analysis of the survey data on cervical screening practices in Alberta 
(Alberta Cancer Board, personal communication) has shown that among 
female Albertans aged 18 years and over, the number who have ever had a Pap 
smear has increased slightly (78.51% for 2002, 78.5% for 2004 and 79.88% for 
2006). This is similar to the national rate.

Among Albertan women who answered that they had not ever had a Pap 
smear test (8.1%), the most frequent reason across all age groups was that they 
did not think it was necessary (6.9%). Table 14 summarizes the frequency, 
by age group, of having had a Pap smear test, along with the reasons for not 
having had a Pap test.
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TABLE 14: FREQUENCY OF HAVING HAD A PAP TEST AND REASONS FOR NOT 
HAVING HAD A PAP TEST, BY AGE GROUP, IN ALBERTA

REASONS FOR NOT HAVING HAD A PAP TEST (%)

AGE 
(YEARS) NUMBER

EVER HAD 
A PAP 
SMEAR 
TEST (%)

HAVE NOT 
GOTTEN 
AROUND 
TO IT

RESPON-
DENT 
DID NOT 
THINK 
IT WAS 
NECES-
SARY

DOCTOR 
DID NOT 
THINK 
IT WAS 
NECES-
SARY

WAITING 
TIME TOO 
LONG

DID NOT 
KNOW 
WHERE 
TO GO

FEAR / 
EMBAR-
RASS-
MENT

HAVE 
HAD A 
HYSTER-
ECTOMY

HATE / 
DISLIKE 
HAVING 
A PAP 
SMEAR 
TEST 
DONE

12–14 71,970 N/A N/A N/A N/A N/A N/A N/A N/A N/A

15–17 62,036 N/A N/A N/A N/A N/A N/A N/A N/A N/A

18–19 42,453 39.0 10.9 26.0 5.5 0 0.7 2.7 0 0 0.3

20–24 114,912 74.5 5.8 11.2 3.7 0 1.2 0.6 0 0.8

25–29 122,606 87.8 2.8 4.2 2.2 0 0.5 0.72 0 0.7

30–34 110,238 93.0 2.6 3.6 1.3 0 0.4 0.89 0.74 1.2

35–39 110,079 91.5 5.6 1.8 0.7 0.2 0 2.79 1.25 1.0

40–44 140,531 95.6 5.7 3.1 0.6 0.06 0.1 0 2.86 0.8

45–49 131,247 97.5 4.1 5.9 0.1 0 0.0 0.073 3.47 0.7

50–54 110,565 94.8 7.3 5.1 1.1 0.1 0 0.89 9.15 1.1

55–59 85,897 96.7 4.9 3.6 1.1 0 0 1.81 8.38 1.1

60–64 61,335 97.3 2.9 6.7 3.3 0.4 0.1 0.92 8.54 0.1

65–69 42,871 93.1 3.1 14.0 8.0 0 0 1.86 14.41 1.3

70–74 44,249 86.4 8.1 12.7 13.1 0 0.4 0 13.66 0.3

75–79 37,569 80.8 3.8 14.6 13.9 0 0.0 0.78 12.59 0.4

≥ 80 46,111 74.0 5.9 31.6 21.6 0 0 0.39 12.73 0.3

Total 1,334,668 79.8 4.5 6.9 3.1 0.04 0.2 0.85 4.21 0.7

N/A = not applicable; Data from Alberta Cancer Board (personal communication)

Table 15 summarizes the frequency of screening among Albertan women who 
had ever had a Pap smear test. The majority of respondents reported that they 
had been screened between 6 months and 1 year ago.
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TABLE 15: TIME OF LAST PAP SMEAR TEST AMONG ALBERTAN WOMEN, 2006 DATA

TIME OF LAST PAP TEST FREQUENCY PERCENTAGE

< 6 months ago 231,854.2 17.37

6 months to <1 year ago 367,733.4 27.55

1 to <3 years ago 264,740.6 19.84

3 to <5 years ago 619,35.82 4.64

5+ years ago 132,414.6 9.92

Data from Alberta Cancer Board, personal communication

Barriers in implementing a screening program

Several factors have been identified as barriers to the implementation of 
screening programs. They include socioeconomic characteristics, inequities 
in access to health care services, lack of knowledge about screening practices, 
inability to assimilate new information and concepts, and culturally based 
beliefs and attitudes.

Screening programs have not been equally accessible to all populations. A 
variety of factors—such as low socioeconomic status,95,96 low literacy,97 limited 
language proficiency,95,98,99 lack of acculturation,95 ethnicity,95,98,99 and geographic 
area96—have been associated with inequities in access to screening programs.

Screening rates among ethnic minority groups are low. For example, First 
Nations women in Canada suffer mortality rates from cervical cancer that 
are four to six times higher than rates for other women;100 however, existing 
research demonstrates that participation of First Nations women in provincial 
cancer screening programs is both less regular and less frequent than that of 
other women.100 Poor women in rural areas are especially vulnerable because of 
limited access to regular gynecologic care, which deters screening and referral 
and impedes delivery of medical care.79

Several studies have indicated that knowledge of HPV is limited and 
confusing11,101-103 and may contribute to a negative perception of HPV testing. 
Current evidence shows that women possess incomplete information and hold 
a variety of misconceptions about the relationship between HPV, the sexually 
transmitted nature of the virus, and cervical cancer.79,104,105 Public awareness 
of HPV types, risk factors, sexual transmission, disease management, and 
cancer risk is generally very low11,103,106 but, as would be expected, the level of 
knowledge may vary according to certain sociodemographic characteristics. 
Members of minorities are less informed about HPV risk factors associated 
with cervical cancer and about the meaning of an abnormal screening test 
result.11 Awareness is lowest in those aged less than 25 years.11 Women between 
45 and 64 years of age are more likely to be aware that sexual activity and 
multiple partners are risk factors for cervical cancer.11 

IHE_HPV-V4.indd   30 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta 31

Women who have had abnormal screening results in the past are more likely to 
have a better knowledge of HPV.11

Low attendance at screening programs may be also explained by fear of cancer, 
and by culturally based embarrassment about disclosing information regarding 
their sexual activities and undergoing vaginal examinations.77,95 Several studies 
have shown that women acknowledge a stigma attached to positive HPV 
status, in that it is linked to infidelity and promiscuity. These factors may cause 
some reluctance to choose HPV screening or testing.15

Health care system barriers can also affect access to screening programs. These 
include competing priorities and mandates within the system and lack of a 
supportive organizational infrastructure.96,107-109 Certain characteristics of the 
patient–provider relationship can also deter participation in HPV screening 
programs (for example, the patient’s lack of a regular health care provider, 
or the health care provider’s fear of being intrusive to, embarrassed with, or 
aggressive or insensitive toward patients) can also deter participation in HPV 
screening programs.96,100,107-110

COMPLICATIONS OF THE INTRODUCTION  
OF HPV TESTING
Testing positive for HPV has the potential to elicit a variety of negative 
emotions. Several studies77,101,105,111 provide evidence of the psychological impact 
of a positive high-risk HPV test result. Testing positive for HPV has been 
associated with short-term increased levels of anxiety, general distress, fears 
about cancer, sexual difficulties, changes in body image, and concerns about 
the loss of reproductive function. Other issues raised by HPV testing include 
concerns about trust, fidelity, and blame in their relationships,105,112 and fears 
about the stigma associated with a sexually transmitted infection.11 These 
reactions seem to be predicted by a variety of factors such as age, ethnicity, and 
lack of understanding about the meaning of test results.113

Such reactions can act as a barrier to processing large amounts of HPV-related 
and cervical cancer-related information.111,114

Due to absence of data, this report does not address the capacity of the system 
to provide care with reference to either trends in the number and distribution 
of practitioners and support staff capable of providing service, or system 
supports for appropriate provision of HPV testing.

CONCLUSIONS
The social and systems demographics review has summarized the evidence 
from the scientific literature in Canada and from worldwide and Canadian 
databases (Statistics Canada and Alberta Cancer Board databases), to address: 
questions about the burden of illness and progression of the condition of HPV 
infection and cervical cancer; population dynamics and risk factors of affected 
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individuals; economic costs; current patterns of care; and potential access 
barriers in implementing a cervical screening program. The following key 
findings are highlighted:

Burden of illness and progression of the condition

—— HPV infection is very common in the general population. At least half 
of sexually active women in the general population will acquire a genital  
HPV infection at some point in their lives. More than 100 HPV types have  
been identified; the majority of them are low-risk strains associated with  
benign epithelial changes that are transient and resolve spontaneously  
over time.

—— Persistent infection with high-risk HPV strains (i.e., HPV-16, -18, 
and -45) has been associated with the development of CIN, a precursor  
of cervix malignancies, ICC HPV types -16 and -18 account for  
approximately 70% of  cervical cancer cases in most countries.

—— The highest rates of HPV infection are observed among late adolescents 
and young women. Prevalence rates of HPV infection drop sharply in  
women around age 30, and subsequently declined in older age groups.

—— About 22% of Canadian women will harbor a cervical HPV infection at 
some time in their lives. The prevalence of oncogenic HPV types in  
Canada has been estimated at 9.6% in the general population, with the  
majority of ICC cases attributed to HPV-16 or HPV-18. High-risk  
oncogenic HPV are more prevalent among women aged less than  
20 to 29 years.

—— According to Canadian Cancer Statistics for 2008, 1300 women were 
diagnosed with cervical cancer in Canada during 2008 and 380 died from  
the disease. In 2008, cervical cancer ranked eleventh among cancers in  
women in Canada and was the fifteenth most frequent cause of mortality  
from cancer.

—— Cervical cancer incidence and mortality rates in Canada have been 
declining for many decades, with statistically significant decreases of 2%  
or more per year over the last 30 years.

—— HPV infection is not provincially notifiable in Alberta; therefore, the 
burden of HPV in Alberta is difficult to estimate.

—— About 180 cases of cervical cancer were reported in Alberta during 2008, 
with 40 Albertan women dying from the disease. Prevalence of cervical  
cancer in Alberta for 2004 ranged from 0.38 per 100 among women aged  
65 to 69 years to 0.01 per 100 among women aged 20 to 24 years.

—— For 2004, a multimodal incidence distribution was reported among 
women between 20 and 79 years of age. The majority of  cases were  
found in women aged 30 to 34, 45 to 49, and 55 to 59 years of age  
(17.6 per 100,000 in each age group).
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—— Cervical cancer mortality rates in the province of Alberta have been 
consistently higher in the 50 to 60 years age group, and in individuals  
80 years of age and older.

Population dynamics and risk factors of affected individuals

—— Epidemiological studies have repeatedly demonstrated that the sexual 
behaviour of individuals and their partners (such as age at first sexual  
intercourse, a large number of sexual partners over a lifetime, frequent  
changes in sexual partners, the HPV risk status of partners based on their  
sexual behavioural patterns, and the history of sexually transmitted  
infections) are the most important risk factors in the acquisition of HPV  
infection. Other cofactors for HPV infection include never-married status,  
divorced or separated status, use of barrier contraceptives, alcohol abuse,  
younger age, Hispanic or African American ethnicity, not being in school,  
and nutritional factors.

—— Persistence of infection with a high-risk HPV type is the strongest risk 
factor for the development of cervical cancer. Another important factor is  
the lack of attendance at an adequate screening program.

—— Additional cofactors that play an important role in influencing the 
progression of HPV infection to cancer include socioeconomic status,  
number of sexual partners, the behavioural of male partners, sexual  
activity prior to age 18, parity, use of oral contraceptives, smoking, lack of  
attendance at screening programs, and ethnicity (African American,  
Hispanic, and aboriginal).

Economic costs

—— Studies from the United States have addressed the cost and economic 
burden of cervical/HPV-related diseases and HPV testing in the clinical  
setting and in society.

—— The annual burden of HPV infection in the United States has been 
estimated at between $2.25 and $4.6 billion. The annual burden of  
cervical cancer has been calculated at between $181.5 and $393 million  
(2005, US dollars).

—— There is evidence that the knowledge of being infected with HPV or of 
a cervical cancer diagnosis significantly impacts affected individuals’  
quality of life.

—— Cervical cancer is also an important cause of years lost due to disability 
among young women; it accounted for 2.7 million (age-weighted) years  
of life lost due to premature mortality worldwide in 2000.

Current patterns of care

—— Conventional cervical cytology has been used for more than 50 years, 
but efforts have been made to improve cervical screening by the use of  
new biological and molecular technologies such as HPV  
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molecular testing.

—— Current cervical cancer diagnosis patterns include colposcopy and
colposcopically directed biopsies to confirm the final diagnosis of  
abnormal Pap test results indicative of malignancies.

—— Treatment patterns vary according to the stage of the disease. For 
precancerous cervical lesions, therapeutic procedures include conization,  
laser surgery, LEEP, cryosurgery, and, less frequently, hysterectomy.  
Treatments for ICC also depend on the clinical stage of the cancer  
and range from surgical procedures for early cases of the disease to  
chemoradiotherapy for advanced malignancies.

—— Access to cervical cancer screening, either through national or provincial 
programs, is available to all women in Canada who meet the screening  
criteria. Cancer screening policies differ by province. Alberta has a  
partially organized screening program that includes annual screening of  
all sexually active women aged 18 to 69 years. Both physicians and  
women are alerted about recruitment, recall, and follow-up activities  
related to periodic screening.

—— Participation in screening programs in Alberta has increased slightly 
(from 79% in 2002 to 80% in 2006). This is similar to the national rate.  
Attendance rates by age show an increase among women older than 20  
years of age and remain at approximately 60% up to age 44, with an  
average annual attendance rate of 41%. Among Albertan women who  
had not ever had a Pap smear test (8%), the most frequent reason across  
all age groups was that they did not think it was necessary (7%).

Barriers to access

—— Screening programs have not been equally accessible to all 
subpopulations. A variety of factors—such as low socioeconomic status,  
low literacy and language proficiency, lack of acculturation, ethnicity, and  
geographic area—have been associated with inequities in access to  
screening programs.

—— Participation in screening programs by First Nations women and women 
living in remote geographic areas is both less regular and less frequent  
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than participation by other women.

—— Other barriers to screening program participation include lack of 
knowledge of screening practices, negative emotional reactions to positive  
screening results, and culturally-based beliefs and attitudes.

—— The objective of cervical cancer screening is to reduce cervical cancer 
incidence and mortality by detecting and treating precancerous lesions.  
The ultimate proof of success is to do this in a cost-effective manner;  
cervical cancer screening methods should have adequate diagnostic  
accuracy and reproducibility and should be cheap, easy to apply, and  
acceptable to women.

—— Due to absence of data, this report does not address the capacity of 
systems to provide care with reference to either trends in the number and  
distribution of practitioners and support staff capable of providing service,  
or system supports for appropriate provision of HPV testing.

—— Joint efforts at provincial and national levels should continue to 
coordinate cervical cancer screening activities and programs across  
Canada. Activities should centre on: improving the screening coverage  
for women at high risk for HPV infection and development of cervical  
cancer; standardizing screening practices at provincial and national levels;  
and assessing new technologies to screen for, diagnose, treat, and provide  
follow-up for cervical cancer.
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ABBREVIATIONS
ACOG — American College of Obstetricians and Gynecologists

AdCa — adenocarcinoma

AGC — atypical glandular cells

AGUS — atypical glandular cells of undetermined significance 

AIS — adenocarcinoma in situ

ASCCP — American Society for Colposcopy and Cervical Pathology 

ASC-H — atypical squamous cells—cannot exclude HSIL

ASC-US — atypical squamous cells of undetermined significance

ASCUS — atypical squamous cells of undetermined significance

CCCaST — Canadian cervical cancer screening trial

CI — confidence interval

CIN — cervical intraepithelial neoplasia

DNA — deoxyribonucleic acid

FISH — fluorescence in situ hybridization

FN — false negatives

FP — false positives

HC — Hybrid Capture

HPV — human papillomavirus

HSIL — high-grade squamous intraepithelial lesion
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ICC — invasive cervical cancer

LBC — liquid-based cervical cytology

LSIL — low-grade squamous intraepithelial lesion

N, n — number of women

NILM — negative for intraepithelial lesion or malignancy

NPV — negative predictive value

NTCC — new technologies for cervical cancer screening

PPV — positive predictive value

RCT — randomized controlled trial

RLU — relative light unit

RT — reference test

SCC — squamous cell carcinoma

Se — sensitivity

SIL — squamous intraepithelial lesion

Sp — specificity

SqCa — squamous cell carcinoma

TBS — the Bethesda system

TN — true negatives

TP — true positives

VCE — vaginal, cervical, and endocervical
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SUMMARY
The HPV deoxyribonucleic acid (DNA) test is a molecular assay that is 
potentially useful for three clinical applications: 

1. as a primary screening test for detecting cervical cancer precursors, 
conducted alone or in combination with a cytology test (conventional 
cytology [Pap smear] or LBC);

2. as a triage test for women with borderline abnormalities to determine who 
should be referred for colposcopy and biopsy; and

3. as a follow-up test for treated high-grade intraepithelial lesions.

Only the first two clinical applications are reviewed in this report.

The two HPV DNA tests approved by Health Canada for detecting HPV in 
clinical specimens are based on two different technologies:

1. hybridization-based assays (Hybrid Capture® HC2),

2. polymerase chain reaction (PCR) based assays (AMPLICOR®).

The HC2 HPV DNA  test is approved by the United States Food and Drug 
Administration for two uses:

1. as a stand alone test in the triage of women with Pap smear results 
showing atypical squamous cells of undetermined significance  
(ASCUS) to colposcopy,

2. in conjunction with the Pap test to screen women 30 years of age and 
older for the presence of high-risk HPV types.

The HC2 HPV DNA assay is not approved as a stand-alone primary screening 
test in the United States, whereas Health Canada does not specify its approved 
utilization status.

According to the 2007 Canadian Consensus Guidelines on HPV, the HPV 
DNA test has not been integrated into screening programs in Canada, but it is 
recommended for the triage of women over the age of 30 years with ASCUS 
cytology results. According to the manufacturer, the HC2 HPV DNA test is 
used in almost every Canadian province except Saskatchewan. Recently in 
Alberta, the Provincial Laboratory in Calgary has switched from Pap smear 
to LBC and has also initiated the use of the HC2 HPV DNA test. The HPV 
DNA test is funded by the provincial healthcare systems in Newfoundland and 
Labrador only when it is ordered by a gynaecologist or obstetrician. The test is 
considered optional in Ontario.

Both the HC2 HPV DNA and AMPLICOR® assays are able to identify 13 
high-risk types of HPV, including HPV-16, -18, and -45, but they cannot 
distinguish the type(s) of HPV present in the specimen. Detection of an 
HPV infection, however, is not an indicator of cytological or histological 
abnormalities, as most women infected with one or more high-risk HPV types 
do not develop grade 2/3 CIN or cancer.

IHE_HPV-V4.indd   48 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta 49

The laboratory technician training required to use the HC2 HPV DNA 
assay is considered to be less complex and demanding than that required for 
interpreting a Pap smear or LBC test. In contrast, the PCR-based technology, 
AMPLICOR®, requires additional skills in DNA processing, as well as facilities 
with safeguards for avoiding specimen contamination. The HC2 HPV DNA 
test can be taken directly from the LBC vial, although this increases technician 
workload. Both assays are considered more reliable and reproducible (with low 
inter- and intra-laboratory variation) than cytology (Pap smear or LBC), which 
requires interpretation by a pathologist.

Performance characteristics are usually measured in terms of a test’s  
sensitivity and specificity in comparison to a reference or gold standard—in 
this case, colposcopy. Sensitivity is the screening test’s capacity to correctly 
categorize women who have the preclinical disease. Specificity is the test’s 
capacity to correctly categorize women who do not have the preclinical 
disease. Acceptable levels of sensitivity and specificity are determined by 
weighing the consequences of leaving cases undetected (false negatives)  
against those of classifying healthy women as diseased (false positives). 
Increasing the ability of the screening test to avoid missing a true positive 
comes at the expense of increasing the number of women wrongly labelled  
as having the disease (false positives).

The positive predictive value (PPV) is a measure of the probability that a 
woman with a positive test result actually has the disease, whereas the negative 
predictive value (NPV) is a measure of the proportion of women with a 
negative test result who do not have the disease. PPV and NPV are influenced 
not only by the sensitivity and specificity of a test, but also by the prevalence 
of the preclinical disease. If the population is at low risk of having the disease, 
results that are positive will mostly be false positives. For a rare disease, such 
as cervical cancer, an increase in the specificity of a screening test will have a 
much greater effect on the PPV than an increase in sensitivity.

Review Findings

The Technology Section focuses on the performance characteristics and 
safety of the HPV DNA test in comparison with either Pap smear or LBC as a 
primary screen in asymptomatic women or a triage in women with cytological 
abnormalities. The data have been split into two age categories: 1) women 
younger than 30 years of age; and 2) women 30 years of age and older.

The HC2 HPV DNA  test was used consistently in all studies. Cytological 
changes noted on a Pap smear or LBC that indicate increased risk for cervical 
carcinoma are reported as ASCUS, low-grade squamous intraepithelial lesion 
(LSIL), and high-grade squamous intraepithelial lesion (HSIL). Histological 
diagnosis (colposcopy) is defined as CIN1 to CIN3 and carcinoma, which 
relate to LSIL, HSIL, and invasive cancer, respectively.
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Only the Canadian study took a random sample of women with negative test 
results and referred them to colposcopy for verification. As values for sensitivity 
can be overestimated when lesions are verified only in participants with positive 
results, the capacity of the tests to pinpoint women with preclinical disease or 
cancer may have been overestimated in all but one of the included studies.

Effectiveness

A. Primary screening with the HPV DNA test 

 A.1  Women 30 years of age and older

 HPV DNA test at any cut-off value (1 pg/mL to 2 pg/mL) compared with 
Pap smear or LBC (cut-off ASCUS) with a histological outcome of CIN2+ 
or CIN3+.

 Based on sensitivity alone, more women with preclinical disease or cancer 
were detected with the HPV DNA test than a Pap smear or LBC. The 
PPV varied while the NPVs were similar across all three tests. The PPV 
was higher for the Pap smear test than for the HPV DNA test, indicating 
fewer false positive results with the Pap smear test than with the HPV 
DNA test, thus exposing fewer women to unnecessary colposcopy. The 
LBC had a lower PPV than either the Pap or the HPV DNA tests. Co-
testing (using combined Pap smear and HPV DNA tests) further increased 
the sensitivity and NPV for detecting high-grade CIN lesions, but at the 
expense of a considerable reduction in specificity and PPV. Thus, co-testing 
increased the number of unnecessary referrals, compared with either the 
HPV DNA test or the Pap smear test alone.

 A.2  Women younger than 30 years of age

 HPV DNA test at any cut-off value (1 pg/mL to 2 pg/mL) compared with 
Pap smear or LBC (cut-off ASCUS) with a histological outcome of CIN2+ 
or CIN3+.

 Based on sensitivity alone, more women with preclinical disease or cancer 
were detected with the HPV DNA test than with the Pap smear test. The 
PPV was higher for the Pap smear than for the HPV DNA test. The Pap 
smear test produced fewer false positive results at a 1 pg/mL cut-off. At 
2pg/mL, there were no differences in effectiveness between the Pap smear 
test and the HPV DNA test. Performance characteristics for LBC  
were not provided.

B. Triage with the HPV DNA test

 B.1  Women 30 years of age and older

 HPV DNA test at 1 pg/mL compared with Pap smear or LBC (cut-off 
ASCUS) with a histological outcome of CIN2+ and CIN3+.

 For women with ASCUS cytology, the HPV DNA test had the highest 
sensitivity, referring 19% fewer women for colposcopy than were referred 
by repeat LBC (e.g., in a population of 1000 women,the HPV DNA test 
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would refer 312 women to colposcopy, whereas repeat LBC would refer 
501 [a higher number of false positives]). No research evidence was 
available that compared the Pap smear with the HPV DNA test.

 B.2  Women younger than 30 years of age

 HPV DNA test at 1pg/mL compared with Pap smear or LBC (cut-off 
ASCUS) with a histological outcome of CIN2+ or CIN3+.

 For women with ASCUS cytology, the HPV DNA test had a higher 
sensitivity and was more effective than repeat LBC at detecting women 
who required referral, even though the proportion of women referred for 
colposcopy was similar for both tests. No research evidence was available 
that compared the Pap smear test with the HPV DNA test.

Safety

Safety issues or risks associated with sample collection of cervical cells for 
the HPV DNA tests were not evaluated in the available research literature. 
Although malfunctions or operator errors could be encountered, the HPV 
DNA assay does not appear to have any direct adverse effects on women’s 
health. A true HPV-positive result may be associated with psychosocial 
effects such as anxiety and distress, although the infection frequently clears up 
without progressing to more serious lesions. A false positive result may lead to 
unnecessary uncomfortable or invasive treatment, but this is also true for false 
positives from a Pap smear test and LBC test. A false negative result with any 
of the tests can have serious implications if a woman with preclinical disease is 
not referred for appropriate treatment in a timely manner.

Conclusion

Based on the research evidence, the HPV DNA test had a consistently higher 
sensitivity than cytology tests (Pap smear and LBC) for detecting pre-clinical 
CIN2+ lesions, although the high number of women incorrectly labelled as 
having pre-clinical disease is an issue. In terms of PPV, the Pap smear was 
superior, with a consistently higher specificity and lower number of false 
positives. Current research evidence, therefore, supports the use of the Pap 
smear test or the LBC test as a primary screen in any age group and the HPV 
DNA test as a triage tool for women in any age group with ASCUS cytology.

The Alberta Cervical Cancer Screening Working Group’s guideline, published 
in 2000 and updated in 2007, is currently under review. The value of HPV 
DNA testing in detecting high-grade lesions among women with an ASCUS 
cytology result is noted; however, its role in routine primary screening or triage 
has yet to be decided.

An ongoing trial in British Columbia will provide more evidence on the role 
of the HPV DNA test as a primary screening tool followed by LBC triage of 
HPV-positive women, compared with cervical cytology (LBC) screening alone. 
The trial includes asymptomatic women over the age of 25 years and should be 
concluded by 2014.
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It is anticipated that the recent introduction of the HPV vaccination as a 
primary prevention strategy will require a revisitation of cervical cancer 
screening tests to maximize cancer prevention strategies for Canadian women.

INTRODUCTION
The HPV deoxyribonucleic acid (DNA) test is a molecular assay that is 
potentially useful for three clinical applications: 

1. as a primary screening test for detecting cervical cancer precursors, 
conducted alone or in combination with a cytology test (conventional 
cytology [Pap smear] or LBC);

2. as a triage test for women with borderline abnormalities to determine who 
should be referred for colposcopy and biopsy; and

3. as a follow-up test for treated high-grade intraepithelial lesions.

Only the first two clinical applications are reviewed in this report.

The two HPV DNA tests approved by Health Canada for detecting HPV in 
clinical specimens are based on two different technologies:

1. hybridization-based assays (Hybrid Capture® HC2),

2. polymerase chain reaction (PCR) based assays (AMPLICOR®).

The HC2 HPV DNA  test is approved by the United States Food and Drug 
Administration for two uses:

1. as a stand alone test in the triage of women with Pap smear results 
showing atypical squamous cells of undetermined significance (ASCUS) to 
colposcopy,

2. in conjunction with the Pap test to screen women 30 years of age and 
older for the presence of high-risk HPV types.

The HC2 HPV DNA assay is not approved as a stand-alone primary screening 
test in the United States, whereas Health Canada does not specify its approved 
utilization status.

According to the 2007 Canadian Consensus Guidelines on HPV, the HPV 
DNA test has not been integrated into screening programs in Canada, but it is 
recommended for the triage of women over the age of 30 years with ASCUS 
cytology results. According to the manufacturer, the HC2 HPV DNA test is 
used in almost every Canadian province except Saskatchewan. Recently in 
Alberta, the Provincial Laboratory in Calgary has switched from Pap smear 
to LBC and has also initiated the use of the HC2 HPV DNA test. The HPV 
DNA test is funded by the provincial healthcare systems in Newfoundland and 
Labrador only when it is ordered by a gynaecologist or obstetrician. The test is 
considered optional in Ontario.
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Both the HC2 HPV DNA and AMPLICOR® assays are able to identify 13 
high-risk types of HPV, including HPV-16, -18, and -45, but they cannot 
distinguish the type(s) of HPV present in the specimen. Detection of an 
HPV infection, however, is not an indicator of cytological or histological 
abnormalities, as most women infected with one or more high-risk HPV types 
do not develop grade 2/3 CIN or cancer.

The laboratory technician training required to use the HC2 HPV DNA 
assay is considered to be less complex and demanding than that required for 
interpreting a Pap smear or LBC test. In contrast, the PCR-based technology, 
AMPLICOR®, requires additional skills in DNA processing, as well as facilities 
with safeguards for avoiding specimen contamination. The HC2 HPV DNA 
test can be taken directly from the LBC vial, although this increases technician 
workload. Both assays are considered more reliable and reproducible (with low 
inter- and intra-laboratory variation) than cytology (Pap smear or LBC), which 
requires interpretation by a pathologist.

Performance characteristics are usually measured in terms of a test’s sensitivity 
and specificity in comparison to a reference or gold standard—in this case, 
colposcopy. Sensitivity is the screening test’s capacity to correctly categorize 
women who have the preclinical disease. Specificity is the test’s capacity 
to correctly categorize women who do not have the preclinical disease. 
Acceptable levels of sensitivity and specificity are determined by weighing the 
consequences of leaving cases undetected (false negatives) against those of 
classifying healthy women as diseased (false positives). Increasing the ability 
of the screening test to avoid missing a true positive comes at the expense of 
increasing the number of women wrongly labelled as having the disease  
(false positives).

The positive predictive value (PPV) is a measure of the probability that a 
woman with a positive test result actually has the disease, whereas the negative 
predictive value (NPV) is a measure of the proportion of women with a 
negative test result who do not have the disease. PPV and NPV are influenced 
not only by the sensitivity and specificity of a test, but also by the prevalence 
of the preclinical disease. If the population is at low risk of having the disease, 
results that are positive will mostly be false positives. For a rare disease, such 
as cervical cancer, an increase in the specificity of a screening test will have a 
much greater effect on the PPV than an increase in sensitivity.

Review Findings

The Technology Section focuses on the performance characteristics and 
safety of the HPV DNA test in comparison with either Pap smear or LBC as a 
primary screen in asymptomatic women or a triage in women with cytological 
abnormalities. The data have been split into two age categories: 1) women 
younger than 30 years of age; and 2) women 30 years of age and older.
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The HC2 HPV DNA  test was used consistently in all studies. Cytological 
changes noted on a Pap smear or LBC that indicate increased risk for cervical 
carcinoma are reported as ASCUS, low-grade squamous intraepithelial lesion 
(LSIL), and high-grade squamous intraepithelial lesion (HSIL). Histological 
diagnosis (colposcopy) is defined as CIN1 to CIN3 and carcinoma, which 
relate to LSIL, HSIL, and invasive cancer, respectively.

Only the Canadian study took a random sample of women with negative test 
results and referred them to colposcopy for verification. As values for sensitivity 
can be overestimated when lesions are verified only in participants with positive 
results, the capacity of the tests to pinpoint women with preclinical disease or 
cancer may have been overestimated in all but one of the included studies.

Effectiveness

A. Primary screening with the HPV DNA test 

 A.1  Women 30 years of age and older

 HPV DNA test at any cut-off value (1 pg/mL to 2 pg/mL) compared with 
Pap smear or LBC (cut-off ASCUS) with a histological outcome of CIN2+ 
or CIN3+.

 Based on sensitivity alone, more women with preclinical disease or cancer 
were detected with the HPV DNA test than a Pap smear or LBC. The 
PPV varied while the NPVs were similar across all three tests. The PPV 
was higher for the Pap smear test than for the HPV DNA test, indicating 
fewer false positive results with the Pap smear test than with the HPV 
DNA test, thus exposing fewer women to unnecessary colposcopy. The 
LBC had a lower PPV than either the Pap or the HPV DNA tests. Co-
testing (using combined Pap smear and HPV DNA tests) further increased 
the sensitivity and NPV for detecting high-grade CIN lesions, but at the 
expense of a considerable reduction in specificity and PPV. Thus, co-testing 
increased the number of unnecessary referrals, compared with either the 
HPV DNA test or the Pap smear test alone.

 A.2  Women younger than 30 years of age

 HPV DNA test at any cut-off value (1 pg/mL to 2 pg/mL) compared with 
Pap smear or LBC (cut-off ASCUS) with a histological outcome of CIN2+ 
or CIN3+.

 Based on sensitivity alone, more women with preclinical disease or  
cancer were detected with the HPV DNA test than with the Pap smear 
test. The PPV was higher for the Pap smear than for the HPV DNA test. 
The Pap smear test produced fewer false positive results at a 1 pg/mL  
cut-off. At 2pg/mL, there were no differences in effectiveness between the 
Pap smear test and the HPV DNA test. Performance characteristics for 
LBC were not provided.
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B. Triage with the HPV DNA test

 B.1  Women 30 years of age and older

 HPV DNA test at 1 pg/mL compared with Pap smear or LBC (cut-off 
ASCUS) with a histological outcome of CIN2+ and CIN3+.

 For women with ASCUS cytology, the HPV DNA test had the highest 
sensitivity, referring 19% fewer women for colposcopy than were referred 
by repeat LBC (e.g., in a population of 1000 women, the HPV DNA 
test would refer 312 women to colposcopy, whereas repeat LBC would 
refer 501 [a higher number of false positives]). No research evidence was 
available that compared the Pap smear with the HPV DNA test.

 B.2  Women younger than 30 years of age

 HPV DNA test at 1pg/mL compared with Pap smear or LBC (cut-off 
ASCUS) with a histological outcome of CIN2+ or CIN3+.

 For women with ASCUS cytology, the HPV DNA test had a higher 
sensitivity and was more effective than repeat LBC at detecting women 
who required referral, even though the proportion of women referred for 
colposcopy was similar for both tests. No research evidence was available 
that compared the Pap smear test with the HPV DNA test.

Safety

Safety issues or risks associated with sample collection of cervical cells for 
the HPV DNA tests were not evaluated in the available research literature. 
Although malfunctions or operator errors could be encountered, the HPV 
DNA assay does not appear to have any direct adverse effects on women’s 
health. A true HPV-positive result may be associated with psychosocial 
effects such as anxiety and distress, although the infection frequently clears up 
without progressing to more serious lesions. A false positive result may lead to 
unnecessary uncomfortable or invasive treatment, but this is also true for false 
positives from a Pap smear test and LBC test. A false negative result with any 
of the tests can have serious implications if a woman with preclinical disease is 
not referred for appropriate treatment in a timely manner.

Conclusion

Based on the research evidence, the HPV DNA test had a consistently higher 
sensitivity than cytology tests (Pap smear and LBC) for detecting preclinical 
CIN2+ lesions, although the high number of women incorrectly labelled as 
having preclinical disease is an issue. In terms of PPV, the Pap smear was 
superior, with a consistently higher specificity and lower number of false 
positives. Current research evidence, therefore, supports the use of the Pap 
smear test or the LBC test as a primary screen in any age group  
and the HPV DNA test as a triage tool for women in any age group with 
ASCUS cytology.
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The Alberta Cervical Cancer Screening Working Group’s guideline, published 
in 2000 and updated in 2007, is currently under review. The value of HPV 
DNA testing in detecting high-grade lesions among women with an ASCUS 
cytology result is noted; however, its role in routine primary screening or triage 
has yet to be decided.

An ongoing trial in British Columbia will provide more evidence on the role 
of the HPV DNA test as a primary screening tool followed by LBC triage of 
HPV-positive women, compared with cervical cytology (LBC) screening alone. 
The trial includes asymptomatic women over the age of 25 years and should be 
concluded by 2014.

It is anticipated that the recent introduction of the HPV vaccination as a 
primary prevention strategy will require a revisitation of cervical cancer 
screening tests to maximize cancer prevention strategies for Canadian women.

Objectives and scope 

The purpose of the technology effects and effectiveness section of this report 
is to review the safety and effectiveness of the human papillomavirus (HPV) 
deoxyribonucleic acid (DNA) test as a screening tool for cervical cancer. The 
Health Ministry will consider the results from this rapid review to determine 
the appropriate role of this test within a cervical cancer program and, 
ultimately, to decide whether it should be a publicly funded health service in 
Alberta. The two primary questions to be answered in this review are:

—— What is the role of the HPV DNA test in the primary screening of 
women in Alberta for cervical cancer compared to conventional cytology  
(Pap smear) or liquid-based cervical cytology (LBC)?

—— What is the role of the HPV DNA test in the triage of cytological 
abnormalities as compared to the Pap smear or LBC?

The rapid review focuses on the screening of women for cervical cancer in the 
general population and does not address screening in women during pregnancy, 
in women who have had hysterectomies, or in those who are considered to 
be members of an at-risk population. The HPV DNA tests considered are 
those approved by Health Canada and the US Food and Drug Administration. 
Only those tests that detect the presence of high-risk HPV types without 
distinguishing which type(s) are present are the focus of this review.

Cervical cancer ranks the eleventh most frequent cancer in women in Canada, 
and the second most frequent cancer among women between 15 and 44 years 
of age.1 According to the Canadian Cancer Statistics published by the National 
Cancer Institute of Canada, during 2008 an estimated 1300 women were 
diagnosed with cervical cancer and 380 died from the disease.2 Cervical cancer 
is considered a largely preventable disease through the detection, treatment, 
and follow-up of its precursors.3-5 Cervical cancer develops slowly, taking more 
than a decade for the cancer cells to progress to a phase of invasiveness.6,7 
During this preinvasive stage, the cancer is usually asymptomatic but abnormal 
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cytology can be detected by screening and referred for confirmatory diagnosis 
by colposcopy, histological sampling, and then treatment.3,8

HPV infection is a highly prevalent sexually transmitted disease and also the 
cause of most cervical cancer or its precursors.5-7,9-12 Other cofactors must also 
be present, and certain molecular events must occur in order for cervical cancer 
to develop.5,7,12-15 Cofactors that are possibly correlated with the presence of 
HPV infection are age at first intercourse, number of sexual partners, high 
parity, cigarette smoking, ethnic origin, oral contraceptive use, presence of 
other sexual transmitted infections, and low socioeconomic status.9,10,12-14,16 
Age-specific prevalence estimates show that HPV infection is more prevalent 
among very young women, with a decline in young adult women and a 
variable pattern afterward.12,15

The natural history of HPV is still unknown. There is no consensus regarding 
what constitutes a persistent HPV infection, whether undetectable HPV 
infections were entirely cleared by the host, or whether there is a period of viral 
latency in which HPV levels are maintained below the detectable threshold of 
current HPV DNA tests.12,17 Also, it is unclear whether HPV infections that are 
detectable over a certain interval of time result from persistent HPV infection 
or from HPV clearance and re-infection with other HPV types.17

HPV types are divided into three groups: those associated with a high risk for 
cervical cancer development (HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, 
-58, -59); low risk viruses which can be associated with benign epithelial lesions 
affecting the anogenital areas (HPV-6, -11, -40, -42, -43, -44, -54, -61, -70, 
-72, -81, -89); and a group of six HPV strains (HPB-26, -53, -66, -68, -73, -82) 
considered probably oncogenic.18-23 The persistence of infection with high-risk 
HPV types is necessary for the development, maintenance, and progression of 
cervical intraepithelial neoplasia (CIN).7,13,18,24 Results from a meta-analysis of 
85 studies using polymerase chain reaction (PCR) to estimate HPV prevalence 
in invasive cervical cancer found that eight HPV types (HPV-16, -18, -45, 
-31, -33, -58, -52, and -35) account for approximately 90% of cervical cancer 
cases in most countries.1,12,25-27 The HPV-16 type accounts for 46% to 63% of 
all cervical cancer cases, followed by HPV-18 (10% to 14%), HPV-45 (2% to 
8%), HPV-31 (2% to 7%), and HPV-33 (3% to 5%).25,26 It is estimated that about 
21.7% of women in the general Canadian population have a cervical HPV 
infection at any given time and 71% of invasive cancers are attributed to HPV 
types -16 and -18.1

In one study it was found that a total of 15% to 30% of women with high-
risk HPV infection who were cytomorphologically normal at recruitment, 
developed CIN2 or CIN3 within the 4 year interval following the identification 
of infection.18 Women who test positive for low risk HPV types rarely become 
persistent carriers, and their probability of progression to CIN2 or CIN3 
is extremely low.18 The HPV infection will clear within 12 months for the 
majority of women.3,10,24,28 The time required for clearance appears to vary with 
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different HPV types ranging from 5 to 6 months for the low-risk types and 8 to 
14 months for high-risk HPV types.12 The progression from HPV infection to 
cervical dysplastic changes (CIN1, CIN2, CIN3) to invasive carcinoma tends 
to be relatively slow and occurs as a multi-step process. Cervical cancer can 
develop over a period of approximately 12 to 15 years from the time of HPV 
infection of the cervical epithelium with a high-risk HPV type.10

According to the Public Health Agency of Canada, primary prevention of 
cervical cancer is closely linked to ongoing public health initiatives targeting 
behaviour change of the population, particularly in the areas of smoking 
cessation and safer sex practices, and, also, use of a HPV immunization 
program.29 Cervical cancer screening by cytology is considered a secondary 
prevention method intended to discover precancerous lesions and diminish the 
risk of their progression to cancer.12

The major contribution of the histological examination is to confirm the 
presence of dysplasia suspected on the basis of cytology examination. It also 
gives the stage of the dysplasia to guide treatment decisions. However, the 
choice of a therapy cannot be based on the results of the histopathology 
examination alone and decisions must be made after comparing all the 
colposcopy and histology findings. Cytological and histological diagnoses are 
reported according to the Bethesda System.

The Bethesda System (TBS) for reporting cervical cytology results introduced 
in 1991 is the recommended standard for use in Canada and by the Alberta 
Cervical Cancer Screening Program.16 At the Bethesda 2001 Workshop, 
terminology and reporting of cervical cytology were reviewed and the 
reporting was revised. Cytological changes indicative of increased risk for 
cervical carcinoma are reported as atypical squamous cells of undetermined 
significance (ASC-US). Atypical squamous cells cannot exclude high-grade 
squamous intraepithelial lesions (ASC-H), low-grade squamous intraepithelial 
lesions (LSIL), high-grade squamous intraepithelial lesions (HSIL), and 
squamous cell carcinomas. Glandular-cell abnormalities are classified as atypical 
glandular cells (AGC), adenocarcinoma in situ (AIS), or adenocarcinoma.16,30,31 
Histological diagnosis is defined as cervical intraepithelial neoplasia (CIN) 
stages 1 to 3 and carcinoma which relates to LSIL, HSIL, and invasive cancer.4 
Cytological results should be distinguished from histological results obtained 
from biopsy specimens (Figure 1). Treatment of histologically confirmed LSIL 
at colposcopy is based on age and lesion size while HSIL requires treatment 
by cryotherapy, loop electrosurgical excision procedure (LEEP), laser ablation 
or, in some circumstances, cervical conization.12,32 Hysterectomy is preferred 
for women who have completed child-bearing and who have a histological 
diagnosis of AIS on a specimen from a diagnostic excisional procedure.12,32 
A conversion table for different cytological classification systems is available  
in Appendix E.16,31,33

Figure 1 provides information on the role of high-risk types of HPV in the 
development of dyspasia and cervical cancer.
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FIGURE 1: ROLE OF HPV INFECTION IN THE DEVELOPMENT OF CIN AND CERVICAL 
CANCER: DETECTION OF THE HPV INFECTION, AND OF CYTOLOGICAL  
AND HISTOLOGICAL ABNORMALITIES

Adapted from: Fey & Beal10; Prendiville & Davis, eds.
18

AGC = atypical glandular cells; AIS = endocervical adenocarcinoma in situ; ASC-H = atypical squamous 
cells—cannot exclude HSIL; ASC-US, ASCUS = atypical glandular cells of undertermined significance; 
DNA = deoxyribonucleic acid; HPV = human papillomavirus; CIN = cervical intraepithelial neoplasia; HSIL 
= high-grade squamous intraepithelial lesion; LBC = liquid-based cervical cytology; LSIL = low-grade 
squamous intraepithelial lesion; SCC = scuqmous cell carcinoma

Cervical cancer screening tests

The objective of a cervical cancer screening program is to reduce  
cervical cancer incidence and mortality rates. A screening test should  
have adequate sensitivity and specificity for the detection of precancerous 
lesions, yield reproducible results, be low cost, be simple and easy to apply, 
be without side effects or complications, be as painless as possible, and be 
socioculturally acceptable.6,8

Debates continue as to what would be a valid standard/reference test against 
which a screening test can be evaluated to verify its sensitivity and specificity. 
Histological examination is an acceptable reference standard surrogate for 
diagnosis of cervical cellular abnormalities or cancer.7,34 Women with cervical 
cell abnormalities should be referred for colposcopy and indepth evaluation 
and biopsy.35 If the reference standard is applied only to positive screening tests, 
then the sensitivity of the test will always be overestimated.36 There are reports 
indicating that cervical biopsies may miss 33% to 50% of high-grade lesions 
because of sampling or diagnostic errors and therefore it presents the challenge 
of differentiating between false-positive cervical cytology test results and  
false-negative biopsy results.9,11

Presently, different screening tests are used to detect precancerous cervical 
lesions (Figure 1).  
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The conventional cytology test (Pap smear, Papanicolaou test) is a simple, 
inexpensive, widely accepted, and widely used test. It is still considered the 
standard method for cervical cancer screening.37,39 However, the accuracy 
parameters reported by different laboratories vary widely, and test sensitivity 
and specificity values are not known precisely (Table 1).3,6,35,37 Variations on 
test parameters can be attributable to different factors such as poor sample 
collection, incorrect slide preparation, and laboratory interpretation errors.10 
The screening test must be interpreted by a pathologist and, for this reason, 
the test has relatively low reproducibility.40 The high number of reported false 
positive and false negative cervical smear results may lead to an increased 
number of diagnostic procedures, or even to a delay in the diagnosis of 
cervical cancer.4,9,10,33 This has medical, legal, and economic implications.41 
It is necessary to have a significant infrastructure and competently trained 
healthcare professionals to obtain, fix, and evaluate the specimens, as well as a 
lab quality assurance system.5,38

The liquid-based cervical cytology (LBC) test, also called thin-layer or 
ThinPrep Pap test, is a variation of the conventional cytology test. Compared 
with conventional cytology testing, the LBC test reduces the number of 
inadequate smears and screening time. It also provides the possibility of using 
the residual fluid from the sample for other molecular analysis, such as reflex 
testing.6,33,36,42 The LBC test was reported to have a slightly higher sensitivity 
for high-grade cervical intraepithelial neoplasia (CIN2 and CIN3) (Table 1), 
although the evidence from different research publications is conflicting.33,37,43 
The LBC test is more costly than the conventional Pap smear test,6,10,39,44 but 
sample collection is similar to conventional cytology.

The causal association between infection of the cervix with high-risk types of 
HPV and with cervical cancer has led to the evaluation of the potential roles 
of the human papillomavirus (HPV) deoxyribonucleic acid (DNA) test as a 
screening tool (Figure 1) for the secondary prevention of cervical cancer, used 
either alone or as an adjunctive test to cytology.3,7,44,45 The HPV DNA test can 
be performed on cervical samples collected with a specific swab or the test 
can be performed on the residual cells of an LBC sample also called “reflex 
testing.”4 The Hybrid Capture® (HC) 2 HPV DNA test can be taken directly 
from the LBC vial, but there are some disadvantages related to this approach. 
These relate to the laboratory workload required to do the HC2 HPV DNA 
test on the residual cells remaining in the LBC medium; this workload is 
increased compared to performing the HC2 HPV DNA test using a separately 
collected transport medium vial. Additionally, there may not be enough cells. 
When taking separate specimens, it is important to always take the Pap sample 
first, because blood generated by sampling the cervix has far less impact on 
the HPV DNA test result than it does on cytology.46 HPV DNA testing is 
considered robust and reproducible, allowing for a larger number of tests to be 
performed per day compared with cytology screening.3,9
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Values of the sensitivity and specificity of different screening tests, as reported 
in different publications, are presented in Table 1.

TABLE 1: SCREENING TESTS’ SENSITIVITY AND SPECIFICITY OF HIGH-GRADE 
LESIONS AND INVASIVE CANCERS (CIN2+)

SCREENING TEST SENSITIVITY SPECIFICITY

Conventional (Pap smear) 58%*6

74%†(4)

47% to 62%‡(38)

68%*6

87%†(4)

60% to 95%‡(38)

LBC 80%†(4)

47% to 62%‡(38)

83%†(4)

60% to 95%‡(38)

HPV DNA (Hybrid Capture
®
 2) 66% to 100%‡(38) 62% to 96%‡(38)

*Mean value from two systematic reviews:
6
 †mean value, included 20 head-to-head studies and 68,114 

participants (source: CADTH;
4
 ‡ Source: WHO report

38

DNA = deoxyribonucleic acid; HPV = human papillomavirus; LBC = liquid-based cervical cytology

CHARACTERISTICS OF HPV DNA TESTS
The HPV DNA test is considered to be potentially useful in three clinical 
applications: as a primary screening test to detect cervical cancer precursors, 
used solely or in combination with a cytology test (Pap smear or LBC); 
as a triage test for borderline abnormalities to select women for referral 
to colposcopy and biopsy; and as a follow-up test for treated high-grade 
intraepithelial lesions, to predict cure or failure of treatment.4,12,37,45,47 Only the 
first two clinical applications of the HPV DNA test used solely as a primary 
screening test or as a triage test are reviewed in this report.

The HPV DNA assays suitable for large-scale testing, approved by Health 
Canada, are based on two different technologies: hybridization-based assays 
(Hybrid Capture® 2) and PCR-based assays (AMPLICOR®).47

1. Hybridization-based assays

The Hybrid Capture® (HC) 2 HPV DNA assay (QIAGEN/Digene 
Gaithersburg, Inc.) is a relatively easy-to-perform molecular test available 
with high- and low-risk HPV probes (Probe B and Probe A respectively).48 
Because the detection of low-risk types has no clinical significance, testing is 
usually done only with the high-risk probe.9 HC 2 HPV DNA assay can test 
up to 96 specimens in less than 2 hours12 and has a built-in quality control 
system.3 Training of laboratory technicians is considered less complex and less 
demanding than the training required for the interpretation of cervical smears.3 
Training and service support is provided by the manufacturer.

The high-risk HC 2 HPV DNA assay consists of an in vitro nucleic 
acid hybridization assay with signal amplification using microplate 
chemiluminescence for the qualitative detection of 13 high-risk types (HPV-16, 
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-18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, and -68) in cervical specimens 
without distinguishing which type(s) are present.48 The intensity of emitted 
light, expressed as relative light units (RLUs) which can be measured with a 
luminometer, is proportional to the amount of target DNA in the specimen 
providing a semi-quantitative measure of the viral load. The recommended 
cut-off value for a positive test is 1.0 RLUs (which is equivalent to 1 pg HPV 
DNA/mL sampling buffer corresponding to 5900 genomes per test well).3 
According to the manufacturer,48 negative assay results (RLU/cut-off value 
ratios <1.0) do not completely rule out the presence of any of the 13 high-risk 
types of HPV, particularly at very low concentrations. If the ratio of a specimen 
is close to, but less than, 1.0 pg/mL and high-risk HPV infection is suspected, 
alternate testing methods and/or a repeat specimen need to be considered.48

HC 2 HPV DNA assay is proposed, to offer increased accuracy in detecting 
high-grade cervical lesions.7 The sensitivity varies from 66% to 100% and the 
specificity varies from 62% to 96% in detecting CIN2 and CIN3 lesions and 
invasive cancer (Table 1).38,49 The sensitivity values have generally been lower 
in developing country settings.49,50 The HC2 HPV DNA test system has no 
direct adverse effects on the health of the woman and its safety is considered 
acceptable. However, malfunctions or operator errors could be encountered.48 
Limitations of the HC 2 HPV DNA test mentioned by the manufacturer are 
listed in Appendix F.

2. PCR-based technology

DNA testing by PCR is a non-invasive method for determining the presence of 
an active cervical HPV infection. The sensitivity and specificity of PCR-based 
assays vary, depending on age and test parameters.3 The major limitations are 
the cost and the potential for contamination.13 Cross-contamination may be 
responsible for false-positive results.3 Adequate training is needed to perform 
PCR testing as it is complex and may need to be conducted in specialized 
laboratories.13 PCRs for HPV detection lack standardization, show different 
sensitivity and specificity, are time consuming, and are demanding on the 
laboratory resources.4

AMPLICOR® Human PapillomaVirus Test (Roche Molecular Systems, Inc.) is 
a qualitative in vitro assay which utilizes amplification of target DNA by PCR 
and nucleic acid hybridization for the detection of 13 high-risk HPV types 
(HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, and -68) in cervical 
cells collected in liquid media (LBC media PreservCyt® [ThinPrep® liquid 
PAP vial] from Cytyc Corporation and SurePath® from TriPath Imaging Inc.) 
without distinguishing which type(s) are present.4,37,47 The AMPLICOR® HPV 
test is based on four major processes: specimen preparation; PCR amplification 
of target DNA using HPV specific complementary primers; hybridization  
of the amplified products to oligonucleotide probes; and detection of the  
probe-bound amplified products by colorimetric determination. The test 
permits simultaneous PCR amplification of HPV target DNA and ß-globin 
DNA (cellular control).
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According to the manufacturer’s specifications, the AMPLICOR® HPV 
test can detect HPV types -16, -18, -33, -35, -39, -45, -51, -56, and -68 at 100 
copies/mL and HPV types -31, -52, -58, and -59 at 240 copies/mL with a 
positivity rate greater than 95%. All HPV types are detected with a 100% 
positivity rate at 480 copies/mL. The limit of detection (copies/mL) of 
amplified DNA (amplicon) is determined by analysis of dilutions of 13 high-
risk HPV type plasmids in PreservCyt® preservative solution. The specimen 
is positive for the presence of high-risk HPV if the HPV amplicon A450 is 
equal to or higher than 0.20 and any value of the ß-globin amplicon A450. 
A negative result (high-risk HPV DNA not detected) does not preclude the 
presence of HPV infection, because results depend on adequate specimen 
collection, absence of inhibitors, and sufficient DNA to be detected (source: 
Roche Molecular Systems, Inc. Indications and characteristics of test). The 
procedural limitations of the AMPLICOR® HPV test are listed in Appendix F.

The performance of HC 2 and AMPLICOR® HPV assays are assessed in a 
health technology assessment (HTA) that was conducted in New Zealand and 
published in 2007.51 Two studies were included that provided comparative results 
for the sensitivity and specificity of both tests when used for triaging women 
with ASCUS/SIL and borderline cytology (equivalent of ASC-US in TBS 2001) 
(Table 2). The authors emphasized the fact that although the AMPLICOR® 
HPV assay shows potential, it has not been researched to the same degree as HC 
2 and other PCR assays. The authors call for large-scale well-controlled studies 
to investigate its performance; in particular, to obtaining more precise estimates 
of sensitivity and specificity values relative to other assays.

TABLE 2: TEST PERFORMANCE OF HYBRID CAPTURE® 2 AND AMPLICOR® USED 
FOR TRIAGE (SOURCE: STEPHENSON AND DOUGHTY51)

STUDY

POPULATION/ 

SCREENING TEST

REFERENCE 

STANDARD

HPV DNA 

TESTS

SE 

% (95%CI)

SP 

% (95%CI)

PPV 

%

NPV 

%

Study 1*, 
2007

ASCUS/SIL 
cytology 
≥ 35 years
Positive for high-
risk HPV 
N = 270

Concurrent 
histology

HC2 
AMPLI-
COR®

97.7 
(91.9–
99.7) 
96.5 
(90.1–
99.3)

51.6 
(44.2–
59.0) 
54.9 
(47.4–
62.2)

48.6 
50.0

97.7 
97.1

Study 2, 
2007

Borderline 
cytology 
Mean age 31 
years 
N = 190

Three year 
outcome of 
CIN2+

HC2 
AMPLI-
COR®

82.4 
82.4

44.2 
36.5

— 
—

— 
—

*Testing with AMPLICOR® HPV test was completed two years later on stored samples

HC: hybrid capture; NPV: negative predictive value; PPV: positive predictive value; Se: sensitivity;  
Sp: specificity
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REGULATORY STATUS IN CANADA  
AND THE UNITED STATES
Health Canada approved the Digene DML-2000 Capture System 
manufactured by QIAGEN Gaithersburg, Inc. as a Class 3 device (Licence 
No. 2767; date of issue, May 1999). The Digene DML 2000 microplate 
luminometer system is intended to measure the light that is emitted as a result 
of a chemoluminescent reaction when using Digene Hybrid Capture 2 for in 
vitro diagnostic tests (personal communication, Health Canada, June 2008; 
information also available at www.mdallca; accessed June 2008).

Health Canada also approved a PCR assay manufactured by Roche Molecular 
Systems, Inc., the AMPLICOR® HPV test (Licence No. 68149; date of issue, 
April 2005) as a Class 3 device, for detection of HPV in clinical specimens 
(personal communication, Health Canada, June 2008; information also available 
at www.mdallca; accessed June 2008).

Health Canada’s approval process for marketing a Class 3 device relies upon 
information submitted mainly by the manufacturer and consists of background 
information, device specific information, a summary of the safety and efficacy 
studies and conclusions drawn from these studies by the manufacturer, and 
compliance with quality systems requirements (ISO 13485-98). Raw data 
submission is not a requirement.52

The United States Food and Drug Administration (US FDA) originally 
approved the Digene Hybrid Capture® 2 high-risk HPV DNA test in March 
1999. A subsequent Premarket Approval (PMA) supplement was issued 
on March 16, 2000 to review the indication for use of this technology. The 
approval was further revised on March 31, 2003 to expand the indications for 
use based on supplementary data including study results, published literature, 
and information supporting Digene claims.53 The present indications for use of 
HC 2 high-risk HPV DNA test are as follows:

—— To screen patients with ASCUS Pap smear results to determine the need 
for referral to colposcopy. The results of the HC 2 test are not intended to  
deter women from proceeding to colposcopy (indication reviewed as of  
March 2000).

—— To screen women 30 years or older, in adjunct with the Pap test, to assess 
the presence or absence of high-risk HPV types. This information,  
together with the physician’s assessment of the cytology history,  
other risk factors, and professional guidelines, may be used to guide  
patient management (indication reviewed as of March 31, 2003).

The FDA did not approve any PCR-based technology to be used as a 
screening test.

HC 2 HPV DNA assay is used in almost every Canadian province except 
Saskatchewan. In Alberta the test is provided by the Provincial Laboratory 
in Calgary (source: personal communication, QIAGEN, September 2, 2008). 
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According to the Canadian Consensus Guidelines on HPV, the HPV DNA 
test is funded by the provincial health care systems only in Newfoundland and 
Labrador, and only if ordered by a gynaecologist or obstetrician. The test is 
considered optional in Ontario.12 The HPV DNA test has not been integrated 
into screening programs in Canada but is recommended for the triage of 
women over the age of 30 with ASC-US cytology results.12

The HC 2 HPV DNA assay is not approved currently as a stand-alone primary 
screening test in the United States, while Health Canada does not specify its 
approved utilization status.

COMPARATIVE EVIDENCE ON THE EFFICACY/
EFFECTIVENESS AND SAFETY OF HPV DNA TESTS 
USED FOR SCREENING FOR CERVICAL CANCER
Presented here is the published research evidence that compared HPV DNA 
tests (HC2 or AMPLICOR®) with a cytology test (Pap smear or LBC) used as 
a primary screen to detect cervical cancer precursors in asymptomatic women 
and as a triage tool for borderline abnormalities to colposcopy and biopsy 
for diagnosis and further treatment. Studies of the best level of evidence that 
presented information on HPV DNA assays currently licensed and approved 
by Health Canada and the FDA, and that categorized participants by age, were 
included in the review. Only results from studies conducted in countries with 
developed market economies are included because the health status, cultural 
norms, access to health care, and disease burden of individuals from countries 
with transitional or developing economies are likely to be too different from 
those factors in Canada to be relevant. Review methodology (inclusion and 
exclusion criteria) is detailed in Appendix A.

The review focuses on the performance evaluations of various thresholds (1 
pg/mL or 2 pg/mL) of HPV DNA assay(s) used to detect the presence of 
high-risk HPV types for cervical cancer, followed by histological examination 
to identify cervical lesions (CIN1, CIN2, CIN3, and cancer) by colposcopy and 
biopsy. The results with the intervention screening test (HPV DNA assays) 
are then compared with the performance of Pap smear and/or LBC screening 
tests that detect cytological abnormalities at thresholds ASC-US, ASCUS, or 
LSIL. Histological examination follows using colposcopy and biopsy (reference 
standard test) to detect CIN1, CIN2, CIN3, and cancer lesions. Attempts were 
made to convert the cytology results that used other classification systems to 
the nearest equivalent in TBS 2001. However, when authors used the TBS 
1991, due to the possibility of overlap among different categories of cervical 
cytology results, the results for ASCUS were not converted to ASC-US.

A total of 18 possible systematic reviews (SRs) were identified by the literature 
search (Appendix A, Table A.1, and Figure 1). However, only one SR,7 
published in 2003, was included based on selection (inclusion and exclusion) 
criteria and Cook’s definition54 for SRs. 

IHE_HPV-V4.indd   65 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta66

Seventeen review studies were examined closely and then excluded (Appendix 
B, Table B.1) for the following reasons:

—— Four SRs did not categorize participants by age and/or included studies 
from countries with developing economies,

—— Twelve reviews based on Cook’s definition were not systematic reviews as 
they failed to report one or more of the following: an explicit search  
strategy; the use of explicit, reproducible and uniformly applied criteria  
for selection of studies; or the use of a critical appraisal tool,

—— One review was published in French and only the abstract was available 
in English.

The included SR7 focused on the HPV DNA test used as a primary screen.

Due to the lack of research evidence from SRs, a new comprehensive search 
limited to randomized controlled trials (RCTs) was conducted in May 2008 
and updated in October 2008 (Appendix A, Table A.2, and Figure 1).

A total of 29 primary studies were excluded (Appendix B, Table 2) for the 
following reasons:

—— Fifteen RCTs did not categorize participants by age,

—— Five RCTs reported HPV screening results with a PCR test (GP5+/
GP6+) that does not currently have licensure and approval from Health  
Canada or the US FDA,

—— One RCT focused on different modalities of follow-up, including the 
HPV DNA test,

—— One RCT presented triage results for women with ASCUS and LSIL 
analysed together,

—— Eleven studies were comparative studies, pilot studies, or overviews 
of RCTs.
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If only the studies with an ideal design are included—meaning that the 
reported performance parameters of the screening test results can be verified 
and also that the authors of the studies conducted verification bias (verified 
the results of a proportion of the negative results)—then only one RCT (two 
publications in total) conducted in Canada35,55 would qualify for inclusion in the 
review (Appendix D, Table D.1). Following this stringent approach will leave 
unanswered questions in relation to:

—— the role of the HPV DNA test when compared to conventional cytology 
in primary routine screening of women younger than 30 years of age,

—— the role of the HPV DNA test when compared to the LBC test in 
primary routine screening of women of any age for cervical cancer, or

—— the role of the HPV DNA test when compared to a cytology test for 
triaging women of any age at increased risk (such as ASC-US) for  
cervical cancer.

Selection parameters, therefore, were expanded in order to address these 
questions (Appendix A, Methodology).

Overviews of four RCTs (Appendix C, Tables C.2 and C.3) and the 
performance of the screening tests (Appendix D, Tables D.1) are included in 
this report. This information is available from 10 publications35,55-63 in total. 
Three of the four RCTs focused on HPV DNA testing used as a primary 
screen. A brief overview of these RCTs is presented in Table 3. Where data 
were available, calculation/verification of the accuracy parameters of screening 
tests was undertaken.

IHE_HPV-V4.indd   67 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta68

TABLE 3: BRIEF OVERVIEW OF INCLUDED RCTS

RCT 
COUNTRY 
NUMBER OF 
PUBLICATIONS 
YEAR OF 
PUBLICATION

FOCUS 
AGE OF WOMEN

INTERVENTION 
TEST 
NUMBER OF 
PARTICIPANTS

COMPARATOR TEST 
NUMBER OF 
PARTICIPANTS 
CYTOLOGY 
CLASSIFICATION

Mayrand et al.35,55

Canada

Two publications

2006, 2007

Primary screening 

Triage ASCUS (some 
info.) 

30 to 69 years

HC2 HPV DNA 
Probe B

P: N = 4957

T: NASC-US = 9977

Pap smear

P: N = 5020

T: N/A

TBS 2001

Ronco et al.56-59

Italy 

Four publications 

2006, 2008

Primary screening 

Triage ASCUS, LSIL 

25 to 34 years

35 to 60 years

HC2 HPV DNA 
Probe B

P: N25-34years = 5925

P: N35-60 years = 16,410

T: NASCUS = 757

T: NLSIL = 485

Pap smear 

P: N25-34 years = 5673

P: N35-60 years = 16,383

T: NA

LBC

P: N25-34 = 5922

P: N35-60 = 16,516

T: NA

TBS 1991

Kotaniemi-Talonen et 
al.60,61

Finland 

Two publications 

2005, 2008

Primary screening

30 to 60 years

HC2 HPV DNA 
Probe B

P: N1 = 4653

P: N2 = 20,065

Pap smear

P: N study 1 = 4650

P: N study 2 = 19,819

Modified Papanicolaou

Schiffman et al.62; 
Sherman et al.63

USA

Two publications 

2000, 2002

Triage ASCUS, LSIL

18 to 22 years

23 to 28 years

≥ 29 years

HC2 HPV DNA 
Probe B

T : NASCUS = 2198

T : NLSIL = 848

LBC

T : NASCUS = 2198

T : NLSIL = 848

TBS 1991

ASCUS = atypical squamous cells of undetermined significance; DNA = deoxyribonucleic acid; HC = 
Hybrid Capture; HPV = human papillomavirus; LSIL = low-grade squamous intraepithelial lesion; N, No 
= number of participants; N/A = not available; P = primary screening; T = triage; TBS = the Bethesda 
System
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I. HPV DNA testing used as a primary screening test 

I.1. Efficacy/Effectiveness and safety of HPV DNA testing, results from  
systematic reviews (SRs)

The SR7 published in Australia in 2003 by the Medical Services Advisory 
Committee (MSAC) focused on the HPV DNA test using the HC 2 (Probe B) 
assay for primary screening for cervical cancer. The review provided evidence 
from two non-randomized studies published in 2001 and 2002 (Appendix C, 
Table C.1). The authors stated that insufficient available data from one of the 
included studies made it impossible to calculate the accuracy characteristics 
for the Pap smear, LBC, and HPV DNA tests. The other included study 
considered different screening strategies (including HPV DNA) and reported 
similar results for all strategies and low grades of cervical abnormalities 
(CIN2+). According to the authors of the SR, the results showed that tests 
were more sensitive among women younger than age 30, although estimates 
of specificity were significantly higher for women 30 years of age and older 
(absolute values for sensitivity and specificity of the HPV DNA test are not 
provided in the review).

Due to insufficient research evidence pertaining to the HPV DNA test 
for cervical screening, at the time this review was released the MSAC 
recommended that public funding should not be supported for this test 
as a primary screen. The Minister of Health and Aging accepted the 
recommendation on August 2003. This recommendation is still in place.

I.2  Efficacy/effectiveness and safety of the HPV DNA test—results from  
 randomized controlled trials (RCTs)

I.2.A. What is the role of the HPV DNA test when compared to conventional  
 cytology (Pap smear) in primary routine screening for cervical cancer in  
 women 30 years of age and older?

The published research evidence available from three trials, conducted in 
Canada (two publications35,55), Finland (two publications60,61) and Italy (two 
publications56,59), is presented here.

The Canadian Cervical Cancer Screening Trial (CCCaST) is a multicentre 
RCT. Details on the design and results from the RCT are available from two 
publications by Mayrand et al. (Appendix C, Table C2).35,55 The study aims to 
compare the accuracy of the high-risk HPV DNA test (HC 2 Probe B) with 
the Pap smear test when used as a stand-alone primary screen test to identify 
high-grade intraepithelial neoplasia (CIN2+) in a community setting. A total of 
10,154 women 30 to 69 years of age were selected and randomized; however, 
all of the participants received both tests. The calculations for sensitivity, 
specificity, and positive and negative predictive values were conducted for 
each study arm, respecting original arm allocation and taking into account 
only the results of the index test and ignoring results of the secondary test. The 
performance of each screening test was measured using a conservative and 
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a liberal definition, with or without correction for verification bias. Authors 
stated that according to the conservative definition, cases were considered as 
positive only if confirmed by the LEEP procedure or biopsy when ablative 
treatment was used. The liberal definition included all cases of CIN2 or 
CIN3, adenocarcionma in situ, or cervical cancers confirmed by histologic 
examination of any of the ectocervical or endocervical biopsy specimens. 
Colposcopically- directed biopsy was the reference standard. Women with 
abnormal results from either test (including ASC-US results) plus a random 
sampling of women with negative/normal results were referred for colposcopy.

With the use of the conservative definition, and after correction for verification 
bias, the sensitivity of the Pap smear test to identify CIN2+ lesions was found 
to be significantly lower (55.4%) than the sensitivity of the HPV test (94.6%, 
p = 0.01) and the specificity of the Pap smear test was slightly higher (96.8%) 
than the specificity of the HPV DNA test (94.1%, p < 0.001) (Appendix D, 
Table D.1). With the use of the liberal definition, after correction for verification 
bias, the sensitivities of the HPV test fell to 45.9% and to 43.4% for the Pap 
smear test. The specificity of the Pap smear test and the HPV test were both 
similar to those calculated when applying the conservative definition. The 
negative predictive values were higher than 99% for both tests, regardless of 
the definition used. When applying the liberal definition, there were four cases 
of high-grade CIN among participants in whom both screening tests were 
negative, as compared with no cases identified when using the conservative 
definition. It seems that with the conservative definition, the HPV DNA test is 
superior, whereas with the liberal definition neither strategy is clearly superior. 
The authors were contacted and they indicated that the corrected estimates 
could not be verified using data available in the publication. After making the 
following assumptions, similar values to those reported in the Canadian study 
were obtained:

—— assumption one: all women instead of only 10–20% of women with 
negative results for both tests underwent verification colposcopy of disease 
status, and

—— assumption two: the number of CIN2+ lesions would not be different than 
those obtained when verification of disease was conducted only on the 
sample of 10–20% of women.

The performance of the tests were not influenced by the order in which 
specimens were collected; hence, the authors pooled the two groups to 
investigate different screening algorithms using the conservative case definition. 
The increased positivity threshold for the Pap smear and the HPV DNA 
tests resulted in a decrease in sensitivity (values could not be verified as data 
were unavailable) (PapASC-US 56.4% versus PapLSIL 42.2%; HPV≥1pg/mL 
97.4% versus HPV≥2pg/mL 81.1%). The colposcopy referrals also showed a 
decrease (PapASC-US 2.1% versus PapLSIL 1.0%; HPV≥1pg/mL 6.1% versus 
HPV≥2pg/mL4.8%). Co-testing with the HPV DNA plus Pap smear tests 
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improved the sensitivity (sensitivity 100%; specificity 92.5%; positive predictive 
value 5.5%; negative predictive value 100%) when compared to the HPV DNA 
test alone, but increased referrals to 7.9%.35

The authors concluded that the HPV test is more sensitive and only slightly 
less specific than cervical cytology for the detection of high-grade CIN 
(CIN2+) in women aged 30 to 69 years.

Kotaniemi-Talonen et al.60 published results from a prospective randomized 
evaluation trial conducted in Finland, which provided cross-sectional specificity 
and positive predictive value results from the first year of primary screening 
with the HPV DNA test (Probe B) in comparison with conventional cytology. 
The screening program targeted 9303 women 30 to 60 years of age (Appendix 
C, Table C.2). Two samples were collected from each woman in the HPV 
arm, for HPV DNA screening and cytology triage. Women with positive HPV 
results were further triaged for colposcopy with conventional cytology (Pap 
smear) and were referred to colposcopy if cytological changes of Pap classes 
III to V suggestive for dysplasia (equivalent of ASC-H, LSIL, or HSIL in TBS 
2001) or cancer were evident. Whereas, in the conventional arm, positive 
cytology test results (Pap classes III to V) were confirmed with colposcopy and 
biopsies without an additional triage test.

The authors provided calculations of the tests’ performance characteristics 
(specificities and positive predictive values) for the HPV DNA test and for 
conventional cytology alone (Appendix D, Table D.1). Only results from 
the tests’ performance in primary screening are reported here. Performance 
estimates were not corrected for verification bias, as no proportion of negative 
results underwent verification for accuracy. The HPV DNA test was less 
specific (CIN1+ 92.1%; CIN2+ 91.7%; CIN3+ 91.5%) than conventional 
cytological tests (CIN1+ 99.6%; CIN2+ 99.3%; CIN3+ 99.2%) for low- and 
high-grade intraepithelial lesions (values could not be verified as data were 
unavailable). Positive predictive values for conventional cytology were higher 
for all grades of lesions. There were more colposcopy referrals in the HPV 
arm compared with the conventional arm (relative risk 1.51, 95% confidence 
interval (CI) 1.03 to 2.22) and as a result of the colposcopies, a total of 52 
histologically-confirmed precancerous lesions were detected within the study 
population (33 in the HPV screening arm and 19 in the conventional arm). 
In the HPV arm 10 moderate (CIN2) and six severe (CIN3+) lesions were 
detected, compared with the conventional arm where five moderate and six 
severe lesions were detected.

The authors stated that, from their point of view, HPV DNA testing seems 
justified as the primary screen only if cytologists are not available in sufficient 
numbers. By providing moderate resources for cytological analysis, savings in the 
colposcopical resources may be earned. They consider that the HPV DNA test 
is a relatively expensive test for screening purposes, especially when compared 
with the conventional Pap smear. Costing information was unavailable.
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Results from the same trial, on a larger population of 39,884 women 30 to 60 
years of age, were reported in another publication by Kotaniemi-Talonen et 
al. (Appendix C, Table C.2).61 The specificity of the HPV test was 93.1% for 
low- and high-grade intraepithelial lesions, while for conventional cytology 
the specificity was 99.4%. More women in the HPV DNA arm were referred 
for colposcopy (relative risk 1.23; 95% CI 1.02 to 1.48). CIN lesions were 
detected more often in the HPV arm than in the conventional arm. For CIN2 
and more severe lesions, the relative risk for detection was 1.44 (95%, CI 
1.02 to 2.02); however at the level of CIN3 and invasive cancers, there was 
no significant difference in detection rates between the two arms, which is 
similar to the results in the previous publication on the 9303 women.60 The 
authors suggested that the knowledge of the HPV DNA test results affected 
the cytological analysis, colposcopy performance, and histological diagnoses. 
As a consequence, more CIN diagnoses were made. They also suggested that 
the HPV DNA test itself may be more sensitive than conventional cytology 
in detecting mild, non-progressive CIN lesions, or that the sensitivity of 
conventional cytology for CIN3+ lesions might be so high that only a marginal 
increase can be achieved with an HPV DNA test. The authors stated that in 
order to determine whether the outcome of HPV screening is inferior to, equal 
to, or superior to cytological screening, more information is needed on follow-
up, the development intervals of cancers, and cancer-related deaths.

The New Technologies for Cervical Cancer (NTCC) Screening multicentre 
RCT conducted in Italy aims to compare the performance of LBC and the 
HPV DNA test (Probe B) with conventional Pap smears when used as primary 
screening tests. The RCT included two phases, used different strategies for 
screening, and was conducted in a large population. The authors therefore felt 
that this study would be able to provide evidence on the impact of introducing 
the HPV test as the routine screen for cervical cancer (Appendix C, Table C.2).

Ronco et al.59 published results from the second phase of the trial with the 
aim of comparing the HPV DNA test (Probe B) with conventional cytology in 
women 25 to 34 years of age and 35 years of age and older. The main endpoint 
was histological detection of CIN2 and more severe lesions. Colposcopically 
directed biopsy was the reference standard; however, the authors did not 
conduct a complete or random verification of disease status in women with 
negative/normal screening results. Calculation and comparison of relative 
values for sensitivity and positive predictive value of the two screening 
methods using HPV DNA cut-offs of 1 pg/mL and 2 pg/mL and cytology of 
ASCUS+ thresholds are provided, but could not be verified due to the lack 
of information available in the publication (Appendix D, Table D.1). Only the 
results on the group of women 35 to 60 years of age are presented here. The 
HPV test provided higher cross-sectional sensitivity for detection of CIN2+ 
than conventional cytology, and the relative sensitivity decreased a little when 
the cut-off was increased from 1 to 2 pg/mL (1.92 [95% CI 1.28 to 2.87] 
versus 1.81 [95% CI 1.20 to 2.72]). The HPV DNA test showed an increase in 
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the positive predictive value when the cut-off was increased from 1 to 2 pg/
mL (7.2% versus 8.8%) but the value at cut-off 2 pg/mL was almost similar 
(8.9%) to that in the conventional cytology arm for ASCUS or more severe 
lesions. Compared with conventional cytology, the HPV test showed a similar 
increased relative sensitivity for both thresholds 1pg/mL and 2 pg/mL for 
detection of CIN3+ lesions (relative value 2.06 [95% CI 1.16 to 3.68]) and 
a reduction in the positive predictive value (relative value 0.86 [95% CI 0.49 
to 1.52] versus 1.22 [95% CI 0.64 to 1.99],) in women older than 35 years of 
age, although differences in the positive predictive values were not statistically 
significant. (Appendix D, Table D.1).

In another publication by Ronco et al.56 the HPV test alone was indicated to 
be more sensitive than conventional cytology in women older than 35 years of 
age. Relative sensitivities (reference test Pap smear) for the HPV test with 1 pg/
mL and 2 pg/mL cut-offs were 1.43 (95% CI 1.00 to 2.04) and 1.41 (95% CI 
0.98 to 2.01) respectively for CIN2+ and 1.22 (95% CI 0.76 to 1.96) and 1.19 
(95% CI 0.74 to 1.92) respectively for CIN3+ (Appendix D, Table D.1). These 
results are not statistically significant.

Key messages/conclusion: The HC2 HPV DNA assay was more 
sensitive (results from three publications) and less specific (results from three 
publications) than the Pap smear for detection of CIN2+ and CIN3+ lesions 
in women 30 years of age and older for cutoff values 1 pg/mL and ASCUS+ 
(Table 4). The relative sensitivity advantage of the HPV DNA assay versus the 
Pap smear ranged from 1.06 (the lowest value obtained in the Canadian RCT, 
which shows almost similar sensitivity results for the two tests by using the 
corrected estimates and liberal definition) to 1.92 for the detection of CIN2+ 
lesions (in the Italian RCT), and the relative sensitivity values for the detection 
of CIN3+ lesions ranged from 1.22 to 2.06. The relative values estimate 
the additional fraction of subjects with CIN2+ and CIN3+ lesions that are 
correctly detected by the HPV DNA test but missed by the Pap smear test. 
The HPV DNA test was able to identify more CIN2+ cases (true positives) 
while the Pap smear test detected fewer CIN2+ cases (false negatives). In two 
RCTs the increase of positivity thresholds from 1 pg/mL to 2 pg/mL for the 
HPV DNA test decreased the sensitivity values for detecting CIN2+ lesions but 
maintained the relative sensitivity advantage of the HPV DNA test.

The relative specificity values for the HPV DNA test as compared to the 
Pap smear were lower. The specificity is a measure of the proportion of false 
positives, hence the lower specificity of the HPV DNA test as compared to 
the Pap means a higher number of false positive women will be incorrectly 
referred to colposcopy. However, increased test specificity when applied to 
low prevalence events may also yield a high number of false positive results 
and, in such circumstances, the positive predictive value will be low without a 
great influence on the negative predictive values. Both the HPV DNA and Pap 
smear tests have high negative predictive values and perform well in predicting 
negative results in the population studied. A negative predictive value indicates 
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the chances of a woman not having high-risk lesions when the test results are 
negative. The Pap test showed a higher positive predictive value as compared 
with the HPV DNA assay. This indicates a higher chance of a woman with a 
positive Pap test having a true positive and having high-grade lesions. A test 
with a high positive predictive value is associated with a lower number of false 
positive cases and a decreased number of unnecessary referrals for colposcopy 
and treatment. In two studies, the HPV DNA assay identified more CIN2+ 
lesions than did the Pap test, but the difference was not statistically significant 
for CIN3+ lesions. In the Canadian study, co-testing improved sensitivity of the 
HPV DNA and Pap tests but decreased specificity and positive predictive value 
and thereby increased referrals for colposcopy.

Interpretation of the results from these RCTs has some limitations. The 
studies used different classification systems for the cytology results (Bethesda 
1991, Bethesda 2001, and modified Papanicolaou). Only the Canadian RCT 
conducted verification bias of disease status on a random sample of women 
with negative screening results. The reconstruction of calculations on the  
basis of the raw data available in the publication was not possible for all  
of the studies.

TABLE 4: PRIMARY SCREENING: SENSITIVITY (%), SPECIFICITY (%), POSITIVE 
PREDICTIVE VALUE (%), NEGATIVE PREDICTIVE VALUE (%), RELATIVE VALUES 
OF HC2 HPV DNA TESTS VERSUS CYTOLOGY (PAP SMEAR) TESTS IN WOMEN 30 
YEARS OF AGE AND OLDER 

STU-
DY

SE 
HPV

SE 
PAP

REL. 
SE

SP 
HPV

SP 
PAP

REL. 
SP

PPV 
HPV

PPV 
PAP

REL. 
PPV

NPV 
HPV

NPV 
PAP

REL. 
NPV

HPV ≥ 1pg/mL; cytology: ASCUS+; histology: CIN2+

1a35 95.0 57.1 1.66* 60.9 80.6 0.76* 6.6 8.7 0.76* 99.8 98.3 1.01*

1b35 82.8 57.7 1.43* 61.1 80.9 0.76* 8.3 10.9 0.76* 98.8 97.9 1.00*

1c35 94.6 55.4 1.71* 94.1 96.8 0.97* 6.4 7.1 0.90* 100.0 99.8 1.00*

1d35 45.9 43.4 1.06* 94.2 96.9 0.97* 8.0 9.1 0.88* 99.4 99.6 0.99*

256 97.3 — 1.43 93.2 — 0.98 6.6 11.4 0.58* 100.0*

359 — — 1.92

HPV ≥ 1pg/mL; cytology: Pap II–IV (equivalent ASC-H, LSIL, HSIL, AIS, TBS 2001); histology: CIN2+

160 91.7 99.3 0.92*

261 92.9 99.3 0.94*

HPV ≥ 1pg/mL; cytology: LSIL+; histology: CIN2+

356 21.4
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STU-
DY

SE 
HPV

SE 
PAP

REL. 
SE

SP 
HPV

SP 
PAP

REL. 
SP

PPV 
HPV

PPV 
PAP

REL. 
PPV

NPV 
HPV

NPV 
PAP

REL. 
NPV

HPV ≥ 1pg/mL; cytology: ASCUS+; histology: CIN3+

156 97.4 — 1.22 93.0 — 0.98 3.5 6.9 0.51* 100.0*

259 — — 2.06

HPV ≥ 1pg/mL; cytology: LSIL+; histology: CIN3+

156

HPV ≥ 1pg/mL; cytology: Pap II-IV (equivalent ASC-H, LSIL, HSIL, AIS, TBS 2001); histology: CIN3+

160 91.5 99.2 0.92*

261 92.3 99.1 0.93*

HPV ≥ 2pg/mL; cytology: ASCUS+; histology: CIN2+

156 96.0 — 1.41 94.9 — 1.00 8.5 — 0.75 100.0*

HPV ≥ 2pg/mL; cytology: LSIL+; histology: CIN2+

1c35 81.1 42.2 1.92* 95.5 99.1 0.96*

259 — — 1.81

HPV ≥ 2pg/mL; cytology: ASCUS+; histology: CIN3+

156 94.9 — 1.19 94.7 — 1.00 4.4 0.63 100.0*

259 — — 1.81

HPV ≥ 2pg/mL; cytology: ASCUS+; histology: CIN3+

156 94.9 — 1.19 94.7 — 1.00 4.4 0.63 100.0*

259 — — 2.06

* Values calculated based on data available in the publication

a: crude estimates, conservative definition; b: crude estimates, liberal definition; c: corrected estimates, 
conservative definition; d: corrected estimates, liberal definition

ASCUS = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial neoplasia; 
HC = Hybrid Capture; HPV = human papillomavirus; LSIL = low-grade squamous intraepithelial lesion; 
NPV = negative predictive value; Rel. = relative value; Se = sensitivity; Sp = specificity; PPV = positive 
predictive value

I.2.B. What is the role of the HPV DNA test when compared to conventional 
 cytology (Pap smear) in primary routine screening for cervical cancer in 
 women under 30 years of age?

TABLE 4: PRIMARY SCREENING: SENSITIVITY (%), SPECIFICITY (%), POSITIVE 
PREDICTIVE VALUE (%), NEGATIVE PREDICTIVE VALUE (%), RELATIVE VALUES 
OF HC2 HPV DNA TESTS VERSUS CYTOLOGY (PAP SMEAR) TESTS IN WOMEN 30 
YEARS OF AGE AND OLDER (CONTINUED) 
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The published research evidence available from one trial (two publications57,59) 
is presented here.

The publication by Ronco et al.59 (see Section I.2.A above) provided results on 
the second phase of the NTCC multicentre RCT, which compared the HPV 
DNA test with conventional cytology as the primary screen in women 25 to 
34 years of age. The relative sensitivity of the HPV DNA test for detection 
of CIN2+ and CIN3+ lesions was much higher compared with conventional 
cytology, while the relative positive predictive value was lower (Appendix D, 
Table D.1). This high sensitivity value indicates that a large number of normal 
women received false positive results of high-grade lesions from the HPV DNA 
assay, as compared to conventional cytology. Direct referral of the HPV DNA-
positive women to colposcopy may result in an overtreatment of lesions that 
are destined to regress. For this reason, the authors stated that HPV-positive 
women aged 25 to 34 years should be referred to colposcopy only if cytology is 
also abnormal or if the infection persists beyond one year.

In another publication by Ronco et al.57 the authors did not calculate the 
performance characteristics of the HPV DNA and Pap smear tests used alone 
in women under 34 years of age. Based on data available in the publication, 
the accuracy of the tests was estimated by conducting a sensitivity analysis. 
The number of false negative results varied from 0 to 10, knowing that at the 
repeat test (after one year) an additional 10 women with high-grade lesions 
were identified and assuming that those women had been misdiagnosed at first 
screen. Calculations were also done for women with ASCUS+ results who 
had not undergone a colposcopy, by proportionally allocating these women to 
CIN1+ to CIN3+ lesions, based on the number of women reported in each of 
these groups. Under these assumptions the sensitivity values for the HPV DNA 
test at a threshold of 1 pg/mL varied from 80.7% to 97.8% for CIN2+ lesions 
and from 56.0% to 93.3% for CIN3+ lesions. Specificity remained constant at 
86%. Graphic presentations of the results are available in Appendix I.3.

Key messages/conclusion: In women 25 to 34 years of age, the relative 
sensitivity for detection of CIN2+ and CIN3+ lesions was higher for the HC2 
HPV DNA assay at a cutoff value of 1 pg/mL, compared to the Pap smear at 
a cutoff of ASCUS+ (Table 5). The relative sensitivity advantage of the HPV 
DNA assay versus the Pap smear was 3.50 for CIN2+ lesions and 2.61 for 
CIN3+ lesions. When the cutoff value for the HPV DNA test was increased to 
2 pg/mL, the relative sensitivity of the HPV DNA assay versus the Pap smear 
was 3.45 for CIN2+ lesions and 2.61 for CIN3+ lesions.59 Although a higher 
sensitivity increases the chances for the detection of CIN2+ or CIN3+ lesions, 
it also results in an increase of false positives and unnecessary referrals for 
colposcopy. For this reason the HPV DNA test would not be recommended to 
be used as primary screen on its own. The reconstruction of calculations was 
not possible due to the absence of raw data. In the other Italian publication,4,5,57 
the reconstruction of performance of the HPV DNA test showed a similar 
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relative sensitivity and a lower specificity and positive predictive value for the 
HPV DNA test when compared with the Pap smear.

TABLE 5: PRIMARY SCREENING. SENSITIVITY (%), SPECIFICITY (%), POSITIVE 
PREDICTIVE VALUE (%), NEGATIVE PREDICTIVE VALUE (%), AND RELATIVE VALUES 
OF HC2 HPV DNA TEST VERSUS CYTOLOGY TEST (PAP SMEAR) IN WOMEN 25 TO 
34 YEARS OF AGE

STU-

DY

SE 
HPV

SE 
PAP

REL. 
SE

SP 
HPV

SP 
PAP

REL. 
SP

PPV 
HPV

PPV 
PAP

REL. 
PPV

NPV 
HPV

NPV 
PAP

REL. 
NPV

HPV ≥ 1pg/mL; cytology: ASCUS+; histology: CIN2+

159 — — 3.50 — — 0.89

257 [80.7–

97.8]* 

[78.2–

100.0]*

[0.98–

1.03] *

86.5* 96.0* 0.90* 5.5* 15.5 

13.7*

0.34* 

0.40

[99.7–

99.9]*

[99.8–

100.0]*

1.0*

HPV ≥ 1 pg/mL; cytology: ASCUS+; histology: CIN3+

159 — — 2.61 — — 0.66

257 [56.0–

93.3]*

[71.4–

100.0]*

[0.78–

0.93] *

86.0* 95.8* 0.90* 1.7* 10.3 

9.5*

0.17 

0.18

[99.8–

100.0]*

[99.8–

100.0]*

1.0*

HPV ≥ 2pg/mL; cytology: ASCUS+; histology: CIN2+

159 — — 3.45 — — 0.99

257 [80.7–

97.8]*

[78.2–

100.0]*

[0.98–

1.03] *

86.5* 96.0* 0.90* 5.5* 15.5 

13.7*

0.34* 

0.40

[99.7–

99.9]*

[99.8–

100.0]*

1.0*

HPV ≥ 2pg/mL; cytology: ASCUS+; histology: CIN3+

159 — — 2.61 — — 0.75

257 [56.0–

93.3]*

[71.4–

100.0]*

[0.98–

1.03] *

86.0* 95.8* 0.90* 1.7* 10.3 

9.5*

0.17* 

0.18

[99.8–

100.0]*

[99.8–

100.0]*

1.0*

* Values calculated based on data available in the publication. Range [ ] of values based on sensitivity 
analysis

ASCUS = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial neoplasia; 
HC = Hybrid Capture; HPV = human papillomavirus; NPV = negative predictive value; PPV = positive 
predictive value; Rel. = relative value; Se = sensitivity; Sp = specificity

I.2.C. What is the role of the HPV DNA test when compared to  
 LBC in primary routine screening for cervical cancer of women  
 over 30 years of age?

The published research evidence available from one trial (one publication56) is 
presented here.

In the first phase of the NTCC multicentre RCT conducted in Italy, although 
the women in the experimental arm received both tests (LBC and HPV DNA 
tests), the authors provided results for each test separately, allowing a comparison 
of the HPV test to the LBC test alone on the same women. The primary 
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outcome of the trial was detection of histology-confirmed CIN2+ or cervical 
cancer using different screening strategies. Colposcopically directed biopsy was 
the reference standard; however, the authors did not conduct a complete or 
random verification of disease status in women with negative/normal screening 
results. Some of the results provided in the publications could not be confirmed 
(Appendix D, Table D.1). The study included women 25 to 60 years of age and 
but only the results on women aged 35 to 60 are presented here.

One publication by Ronco et al.56 presents results on cross-sectional 
sensitivity, specificity, and positive predictive values from the first screening 
examination at recruitment. The study was conducted on 33,364 women 35 
to 60 years of age, assigned randomly to either the experimental arm (HPV 
and LBC) or the conventional arm (Pap smear). The authors found that the 
HPV DNA test with a 1pg/mL cut-off was more sensitive but less specific 
than LBC with an ASCUS cut-off for CIN2+ (Se: 97.3% versus 74.0%; Sp: 
93.2% versus 94.8%) and CIN3+ (Se: 97.4% versus 81.6%; Sp: 93.0% versus 
94.7%). HPV with a cut-off of 2 pg/mL was also more sensitive but had 
similar specificity for CIN2+ (Se: 96.0% versus 74.0%; Sp: 94.9% versus 
94.8%) and CIN3+ (Se: 94.9% versus 81.6%; Sp: 94.7% versus 94.7%). These 
results were verified. (Appendix D, Table D.1).

Only two of the 75 women in the experimental arm with CIN2+ were HPV-
negative and therefore there was little to be gained by performing LBC 
on every woman. Also, no high-grade lesions were found among the 845 
HPV DNA-negative women with ASCUS cytology. This approach reduced 
specificity, improved sensitivity, but also increased the number of false positives.

A possible strategy for women 35 years of age and older would be to test 
them for HPV first, then those who tested positive would go on to triage by 
cytology; only those women who were positive for both tests would be referred 
to colposcopy. In the authors’ opinion, women who are HPV-positive but have 
normal cytology could have repeat tests at one year. This approach, however, 
necessitates a high rate of compliance; immediate referral should be considered 
for HPV positive women unlikely to comply with repeat testing.

Key messages/conclusion: The HC2 HPV DNA assay at a positivity 
threshold of 1 pg/mL was more sensitive but less specific than LBC for the 
detection of CIN2+ or CIN3+ lesions in women 30 years of age and older 
(Table 6). The relative sensitivity advantage of the HPV DNA assay at a 
cutoff of 1 pg/mL versus the LBC test at a cutoff of ASCUS+ was 1.31 for 
detection of CIN2+ lesions and 1.19 for CIN3+ lesions. This means that the 
HPV DNA assay will correctly identify more women with high-grade lesions, 
missing fewer of them compared with the LBC test. Both tests showed similar 
performance in terms of specificity, identifying the same proportion of women 
without high-grade CIN lesions. The positive predictive value was higher for 
the HPV DNA test at a threshold of 2 pg/mL for detecting CIN2+ and CIN3+ 
lesions, while the negative predictive value was similar for both tests. The trend 
was similar for sensitivity, at a cutoff of 2 pg/mL. Specificity did not change.
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TABLE 6: PRIMARY SCREENING. SENSITIVITY (%), SPECIFICITY (%), POSITIVE 
PREDICTIVE VALUE (%), NEGATIVE PREDICTIVE VALUE (%), AND RELATIVE VALUES 
OF HC2 HPV DNA TEST VERSUS CYTOLOGY TEST (LBC) IN WOMEN 30 YEARS OF 
AGE AND OLDER

STU-

DY

SE 
HPV

SE 
PAP

REL. 
SE

SP 
HPV

SP 
PAP

REL. 
SP

PPV 
HPV

PPV 
PAP

REL. 
PPV

NPV 
HPV

NPV 
PAP

REL. 
NPV

HPV ≥ 1 pg/mL; cytology: ASCUS+; histology: CIN2+

156 97.3 74.0 1.31* 93.2 94.8 0.98* 6.6 6.5 1.01* 100.0* 100.0* 1.00*

HPV ≥ 1 pg/mL; cytology: ASCUS+; histology: CIN3+

156 97.4 81.6 1.19* 93.0 94.7 0.98* 3.3 3.7 0.95* 100.0* 100.0* 1.00*

HPV ≥ 2 pg/mL; cytology: ASCUS+; histology: CIN2+

156 96.0 74.0 1.30* 94.9 94.8 1.00* 8.5 6.5 1.3* 100.0* 100.0* 1.00*

HPV ≥ 2 pg/mL; cytology: ASCUS+; histology: CIN3+

156 94.9 81.6 1.16* 94.7 94.7 1.00* 4.4 3.7 1.19* 100.0* 100.0* 1.00*

* Values calculated based on data available in the publication

ASCUS = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial neoplasia; 
HC = Hybrid Capture; HPV = human papillomavirus; LBC = liquid-based cervical cytology; NPV = negative 
predictive value; PPV = positive predictive value; Se = sensitivity; Sp = specificity; Rel. = relative value

I.2.D. What is the role of the HPV DNA test when compared to  
 LBC in primary routine screening for cervical cancer of women  
 under 30 years of age?

The published research evidence available from one trial (one publication57) is 
presented here.

In another publication, Ronco et al.57 reported results on 11,810 women aged 
25 to 34 years of age who participated in the first phase of the NTCC trial. 
The main purpose was to investigate the effect of different criteria for referral, 
based on results from the HPV DNA and LBC tests, to define the best strategy 
for screening younger women. The HPV infection rate was higher in women 
younger than age 35 than in older women; hence, younger HPV-positive 
women were referred to colposcopy only if cytology was ASCUS+. The 
remaining HPV-positive women were retested after one year. The authors did 
not provide performance values for the HPV DNA test used alone in younger 
women. Based on baseline HPV DNA test results provided in the publication 
and on histological confirmation of these results, the accuracy of the HPV 
DNA test was calculated (Appendix D, Table D.1). Assumptions are delineated 
in section I.2.B. Sensitivity of the HPV DNA test for CIN2+ was 80.7% to 
97.8% for cut-offs at 1 pg/mL and 2 pg/mL. For the same cut-offs, specificity 
was 86.5%. Sensitivity for CIN3+ lesions was 56.0% to 93.3% at both cut-offs, 
with a specificity of 86%. The sensitivity and specificity of the LBC test alone 
to detect ASCUS+ lesions were 81.8% and 91.7%, respectively, for CIN2+. 
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Our estimations for the HPV test found a sensitivity of 82.1% to 100.0% for 
detection of CIN2+ lesions and 60.0% to 100.0% for the CIN3+ lesions; 
specificity was 91.7% for detection of CIN2+ lesions and 91.2% for detection of 
CIN3+ lesions.

The authors stated that for women younger than 35 years of age, the 
HPV DNA test alone at a 1 pg/mL cut-off as a primary test, followed by 
triage with cytology (LBC) of HPV-positive women seems to be the most 
reasonable approach. The combined tests (co-testing) showed an increased 
sensitivity and specificity for detection of CIN2+ compared with LBC or 
conventional cytology alone with ASCUS cut-off. The authors found that 
an increased threshold of the HPV DNA to 2 pg/mL maintained the same 
sensitivity, further increased specificity, and detected the same proportion of 
CIN2+ lesions.

Key messages/conclusion: In women younger than 30 years of age the 
HC2 HPV DNA assay used as a primary screen at a threshold of 1 pg/mL was 
more sensitive but less specific than the LBC for the detection of CIN2+ and 
CIN3+ lesions (Table 7). The relative sensitivity advantage of the HPV DNA 
assay versus LBC for the parameters reported by the authors was similar for 
cutoffs of 1 pg/mL and 2 pg/mL (0.98 versus 0.93) for the detection of CIN2+ 
and CIN3+ lesions. At a threshold of 2 pg/mL the specificity of the HC2 HPV 
DNA assay was the same. The relative specificity showed an advantage for the 
LBC test by not falsely identifying as many women with having a high-grade 
lesion CIN2+ or CIN3+. The positive predictive value was higher for the 
LBC test, indicating that the chances for detecting a high-grade lesion were 
increased for women with an LBC positive test.  The authors did not assess 
verification bias for at least a random sample of negative results. From the raw 
data available in the publication, a sensitivity of 100% for detecting high-grade 
lesions was calculated for the LBC.
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TABLE 7: PRIMARY SCREENING. SENSITIVITY (%), SPECIFICITY (%), POSITIVE 
PREDICTIVE VALUE (%), NEGATIVE PREDICTIVE VALUE (%), AND RELATIVE VALUES 
OF HC2 HPV DNA TEST VERSUS CYTOLOGY TEST (LBC) IN WOMEN 25 TO 34 
YEARS OF AGE

STU-

DY

SE 
HPV

SE 
PAP

REL. 
SE

SP 
HPV

SP 
PAP

REL. 
SP

PPV 
HPV

PPV 
PAP

REL. 
PPV

NPV 
HPV

NPV 
PAP

REL. 
NPV

HPV ≥ 1pg/mL; cytology: ASCUS+; histology: CIN2+

157 [80.7–

97.8]*

81.8 

[82.1–

100.0]*

0.98* 86.5* 91.7 0.94* 5.5* 8.7* 0.63* [99.7–

99.9]*

[99.8–

100.0]*

0.99*

HPV ≥ 1pg/mL; cytology: ASCUS+; histology: CIN3+

157 [56.0–

93.3]*

[60.0–

100.0]*

0.93* 86.0* 91.2* 0.94* 1.7* 2.8* 0.61* [99.7–

99.9]*

[99.8–

100.0]*

0.99*

HPV ≥ 2pg/mL; cytology: ASCUS+; histology: CIN2+

157 [80.7–

97.8]*

81.8 

[82.1–

100.0]*

0.98* 86.5* 91.7 0.94* 5.5* 8.7* 0.63* [99.7–

99.9]*

[99.8–

100.0]*

0.99*

HPV ≥ 2pg/mL; cytology: ASCUS+; histology: CIN3+

157 [56.0–

93.3]*

[60.0–

100.0]*

0.93* 86.0* 91.2* 0.94* 1.7* 2.8* 0.61* [99.7–

99.9]*

[99.8–

100.0]*

0.99*

* Values calculated based on data available in the publication. Range [ ] of values based on  
sensitivity analysis

ASCUS = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial  
neoplasia; HC = Hybrid Capture; HPV = human papillomavirus; LBC = liquid-based cervical cytology; 
NPV = negative predictive value; PPV = positive predictive value; Se = sensitivity; Sp = specificity;  
Rel. = relative value

II. HPV DNA test used as triage test 

II.A. What is the role of the HPV DNA test when compared with LBC for 
triaging women who are 30 years of age and older and at increased risk 
(such as ASC-US or LSIL) for cervical cancer? 

The published research evidence available from two trials, one published  
in the US (one publication62) and the other in Italy (one publication58), 
is presented here.

The ASCUS-LSIL Triage study (ALTS)62 is a multicentre randomized clinical 
trial designed to evaluate three alternative methods—the HPV DNA test (Probe 
B), immediate colposcopy without triage, and repeat cytology of HSIL (using 
LBC)—for the triage of mild cervical cytologic abnormalities in 3488 women 
with ASCUS and 1572 women with LSIL (Appendix C, Table C3). The 
main end point of the trial was the timely detection of all cases of CIN3 or 
carcinoma. The ALTS included women 18 years of age and older. The authors 
did not conduct a complete or random verification of disease status for the 
negative results.
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Although multiple articles on the ALTS results were published, only one 
publication63 included separate analyses of the screening performance of various 
methods by different age groups. In this publication, the authors analyzed 
whether age, viral HPV threshold loads (low [1 pg/mL] or high [10 pg/mL]), 
or other factors would improve the performance of the HPV DNA test relative 
to repeat, thin-layer cytology (LBC testing) in 2198 women with ASCUS 
and 848 women with LSIL. The authors calculated the theoretical sensitivity 
of both tests for detecting CIN3 lesions and cancer and the percentage of 
women referred for colposcopy (values could not be confirmed as data were 
unavailable) (Appendix D, Table D.2).

Among women aged 29 years or older with ASCUS, HPV testing at 1 pg/
mL detected 94% of all CIN3 lesions or cancers, and would have resulted in 
the referral of 31% of women for colposcopy. Repeat cytology of ASCUS had 
a sensitivity of 91% and would have resulted in the referral of 50% of women. 
Among women with LSIL, more than 63% would have been referred using any 
cytologic or virologic strategy that detected 90% of CIN3 lesions and cancers. 
The authors could not identify a promising strategy for colposcopy triage of 
women with LSIL in any age group, as neither a single HPV test nor repeat 
cytopathology provided useful triage.

The authors found that higher median viral loads were significantly associated 
with histopathologically confirmed CIN, but tended to decrease with increased 
grade and viral load (detailed values not provided). Viral load therefore, was not 
considered useful for predicting the severity of CIN.

The authors concluded that among older women with ASCUS, HPV testing 
remained highly sensitive for detecting CIN3 and cancer, and that the 
theoretical percentage of women referred for colposcopy was lower when 
compared with younger women.

In the ALTS study, the HPV DNA test was found to be positive in 
approximately 80% of women who had a cytological diagnosis of LSIL. 
Compared with LSIL women who were younger than 30 years of age, those 
who were 30 years of age and older were less likely to have a positive HPV 
DNA test.64 The high rate of HPV positivity among women with LSIL results 
significantly undermined the ability of the HPV test to discriminate between 
clinically non-significant cytological abnormalities and those representing true 
cervical cancer precursors. The study concluded that the HPV test was not of 
value in managing women with LSIL cytology, and the HPV triage arm was 
closed for LSIL referrals in the first year of the trial.

Ronco et al.58 used data from the experimental arm of the NTCC multicentre 
RCT conducted in Italy56,57 to estimate the effect of applying the HPV DNA 
test for managing women 35 to 60 years of age with ASCUS and LSIL 
cytology. The authors calculated the sensitivity and specificity of the HPV test 
separately for histology-confirmed CIN2 or more severe lesions for 757 women 
with ASCUS or atypical glandular cells of undetermined significance (AGUS), 
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and for 485 women with LSIL cytology (Appendix D, Table D.3). The results 
showed that HPV DNA triage performed better in older than in younger 
women. In the LSIL group, the values of specificity were reasonable for older 
rather than younger women (ranges for cut-offs 1 pg/mL to 20 pg/mL were 
61% to 71% versus 32% to 42%). For each age group the authors provided the 
receiver operating characteristic (ROC) curves using different log-RLU (relative 
light unit) values as cut-off. The area under the ROC graphic curve gives a 
measure of the test’s performance and was found significantly higher among 
women older than 35 years of age for both ASCUS/AGUS and LSIL. For 
women 35 to 60 years, the curves for ASCUS/AGUS and LSIL were similar. 
The authors concluded that HPV DNA triaging for LSIL cytology might be 
considered an option for women over 35 years of age, especially when LBC 
is used. However, the authors did not conduct a repeat cytology test in the 
same group or a different group of participants to allow for comparison of the 
performance characteristics of the repeat cytology (LBC) and the HPV DNA 
tests for triaging women at increased risk.

Key messages/conclusion: In women 29 years of age and older, the HC2 
HPV DNA assay was not of value in triaging LSIL lesions. The relative 
sensitivity advantage of the HPV DNA assay versus the LBC assay for a cutoff 
of 1 pg/mL was 1.29 (Table 8). However a high number of women (more than 
63%) would have been referred for colposcopy using any cytologic or virologic 
strategy that detected 90% of CIN3 lesions and cancers. Hence, the authors 
of the ALTS study could not identify a promising strategy for colposcopy 
triage of older women with LSIL, as neither a single HPV test nor a repeat 
cytopathology provided useful triage. The HC2 HPV DNA test had a higher 
sensitivity than repeated cytology using LBC for detection of CIN2+ (values 
not provided in the publication) and CIN3+ lesions in women 29 years of 
age and older with ASCUS. In this age group, the estimates for referral for 
colposcopy were 31% for women triaged with the HPV DNA assay (1pg/mL) 
and 50% for women who had a repeat cytology test (ASCUS+), indicating a 
better performance for the HPV assay.
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TABLE 8: TRIAGE SCREENING. SENSITIVITY (%), SPECIFICITY (%), POSITIVE 
PREDICTIVE VALUE (%), NEGATIVE PREDICTIVE VALUE (%), AND RELATIVE VALUES 
OF HC2 HPV DNA TEST VERSUS CYTOLOGY TEST (LBC) IN WOMEN 30 YEARS OF 
AGE AND OLDER

STU-

DY

SE 
HPV

SE 
PAP

REL. 
SE

SP 
HPV

SP 
PAP

REL. 
SP

PPV 
HPV

PPV 
PAP

REL. 
PPV

NPV 
HPV

NPV 
PAP

REL. 
NPV

Triage of ASCUS with HPV ≥ 1 pg/mL vs. LBC; histology: CIN2+

158 100.0 77.0

Triage of LSIL with HPV ≥ 1 pg/mL vs. LBC; histology: CIN2+

158 90.0 61.0

Triage of ASCUS with HPV ≥ 1 pg/mL vs. LBC; histology: CIN3+

163 93.9 90.9 1.03*

258 100.0 76.0

Triage of LSIL with HPV ≥ 1 pg/mL vs. LBC; histology: CIN3+

163 93.9 72.7 1.29*

258 100.0 61.0

Triage of ASCUS with HPV ≥ 10 pg/mL vs. LBC; histology: CIN3+

163 90.9 90.9 1*

258 100.0 68.0

Triage of LSIL with HPV ≥ 10 pg/mL vs. LBC; histology: CIN3+

163 90.9 72.7 1.25*

258 100.0 68.0

* Values calculated based on data available in the publication

ASCUS = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial neoplasia; 
HC = Hybrid Capture; HPV = human papillomavirus; LBC = liquid-based cervical cytology; LSIL = low-
grade squamous intraepithelial lesion; NPV = negative predictive value; PPV = positive predictive value; 
Rel. = relative value; Se = sensitivity; Sp = specificity

II.B. What is the role of the HPV DNA test when compared to the Pap smear 
test for triaging women who are 30 years of age and older and at increased 
risk (such as ASC-US or LSIL) for cervical cancer? 

The published research evidence available from one trial (one publication35) is 
presented here.

The authors of the Canadian RCT35 were able to calculate the performance of 
the Pap smear test followed by HPV DNA triage in women 30 to 69 years of 
age (Appendix D, Table D.3). Triage of Pap smear results of ASC-US with the 
HPV DNA test (Probe B) resulted in somewhat reduced sensitivity compared 
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with the Pap smear alone (53.8% versus 56.4%), and an increase of specificity 
and positive predictive value, but yielded fewer referrals (1.6% versus 2.9%, 
p<0.001). Pap smear screening followed by HPV triage resulted in sensitivity 
and specificity estimates similar to those obtained with the inverse triage 
strategy (HPV screening followed by Pap triage). The authors did not conduct 
a repeated Pap smear test in the same or a different group of participants to 
allow for comparison of the performance characteristics of repeated cytology 
and the HPV DNA test for triaging women at increased risk.

Key messages/conclusion: The HC2 HPV DNA test used to triage women 
30 years of age and older with ASC-US showed a reduction in sensitivity and 
a slight increase of specificity, which implies a decrease in the number of false 
positives. This approach translates into fewer referrals as compared with the 
Pap smear test used alone.

II.C. What is the role of the HPV DNA test when compared to LBC for 
triaging women who are under 30 years and at increased risk (such as 
ASCUS or LSIL) for cervical cancer?

The published research evidence available from two trials, one published  
in the US (one publication63) and the other in Italy (one publication58), is 
presented here.

In the ALTS publication by Sherman et al.63 the authors found that the HPV 
DNA test (Probe B) at a cut-off of 1 pg/mL in younger women (23 to 28 years 
of age) with ASCUS would have resulted in the referral of more than 65% of 
women to colposcopy. This value was two times higher than for women older 
than 29 years of age. Among women with LSIL, the referral would have been 
88%, also considered unacceptable (Appendix D, Table D.3).

Ronco et al.58 used data from the experimental arm of the NTCC RCT that 
was conducted in Italy56,57 to estimate the effect of applying the HPV test 
for triaging women 25 to 34 years of age with ASCUS and LSIL cytology. 
The proportion of HPV positive results among younger women was 45% in 
the presence of ASCUS and 72% in the presence of LSIL. Calculations of 
sensitivity and specificity of the HPV test for histological confirmed CIN2 or 
more severe lesions showed lower values for the group of younger women 
(Appendix D, Table D.3). The results confirmed the low specificity of the HPV 
DNA test for triaging younger women with LSIL. The graphics of the ROC 
curves using different log-RLU cut-off values showed that the area under the 
ROC curve was significantly less among women 25 to 34 years of age than in 
older woman, for both ASCUS/AGUS and LSIL. At age 25 to 34 years, the 
area under the curve for LSIL was significantly less than for ASCUS.

The authors concluded that HPV DNA triaging for LSIL cytology should not 
be applied in women younger than 35 years of age.

Key messages/conclusion: The HC2 HPV DNA test is not indicated for 
triaging women younger than 35 years of age with LSIL lesions.  
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In women with ASCUS lesions, the HPV DNA assay performed better than 
the LBC test and showed higher sensitivity for detecting CIN3+ lesions and 
cancer (Table 9). The relative sensitivity advantage of HPV DNA assay versus 
LBC was 1.09 for a cutoff of 1 pg/mL in the ALTS study. Both tests had a large 
number of referrals (65% for the HPV DNA assay versus 64% for the LBC).

TABLE 9: TRIAGE SCREENING. SENSITIVITY (%), SPECIFICITY (%), POSITIVE 
PREDICTIVE VALUE (%), NEGATIVE PREDICTIVE VALUE (%), AND RELATIVE VALUES 
OF HC2 HPV DNA TEST VERSUS CYTOLOGY TEST (LBC) IN WOMEN 23 TO 28 
YEARS OF AGE

STU-

DY

SE 
HPV

SE 
PAP

REL. 
SE

SP 
HPV

SP 
PAP

REL. 
SP

PPV 
HPV

PPV 
PAP

REL. 
PPV

NPV 
HPV

NPV 
PAP

REL. 
NPV

Triage of ASCUS with HPV ≥ 1 pg/mL vs. LBC; histology: CIN2+

158 92.0 57.0

Triage of LSIL with HPV ≥ 1 pg/mL vs. LBC; histology: CIN2+

158 100.0 32.0

Triage of ASCUS with HPV ≥ 1 pg/mL vs. LBC; histology: CIN3+

163 96.0 88.0 1.09*

258 86.0 56.0

Triage of LSIL with HPV ≥ 1 pg/mL vs. LBC; histology: CIN3+

163 96.0 60.0 1.60*

258 100.0 66.0

Triage of LSIL with HPV ≥ 10 pg/mL vs. LBC; histology: CIN3+

163 92.0 60.0 1.53*

258 100.0 36.0

* Values calculated based on data available in the publication

CIN = cervical intraepithelial neoplasia; HC = Hybrid Capture; HPV = human papillomavirus; LBC = 
liquid-based cervical cytology; NPV = negative predictive value; PPV = positive predictive value; Se = 
sensitivity; Sp = specificity; Rel. = relative value

SAFETY ISSUES, POTENTIAL ADVERSE  
EFFECTS, AND ETHICAL ASPECTS RELATED  
TO SCREENING TESTS

General aspects

Safety issues or risks associated with the collection of cervical cells for cervical 
screening with HPV DNA tests were not evaluated and reported in the 
literature.7 The HC2 HPV DNA assay is used on an in vitro basis and the 
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manufacturer considers it to be safe and without direct adverse effects on  
the health of the woman.48 However, malfunctions or operator errors could 
be encountered.48,53

In general, screening tests may be associated with potential negative effects 
including the physical, economic, and psychological consequences of false 
negatives and false positives.6,40,65 A true HPV-positive result in the presence 
of normal cytology would suggest an increased risk for the development of 
high-grade intraepithelial lesions and possible cancer. However, the increase 
in absolute risk is probably small and the infection in most women resolves 
without the development of any symptoms or cervical cell abnormalities. 
Presently, no treatment is available for women with HPV infections, and a 
positive result would add psychosocial anxiety and create unnecessary distress 
without offering treatment options.53

A false positive HPV DNA test result would indicate that the woman has a 
sexually transmitted disease and would be erroneously assigned a risk factor 
for the development of cervical cancer. The woman might be unnecessarily 
referred and treated using invasive and uncomfortable procedures, such as 
colposcopy or biopsy, when referral and/or treatment are not needed.53

A false negative HPV DNA test result may be obtained because of inadequate 
sampling of the area at risk, abnormal cells in the specimen missed or 
misinterpreted, lesions removed by biopsies or lost to tissue inflammatory 
reaction, or the presence of HPV types not tested. A woman with a normal 
cytology result and a false negative HPV DNA test would not be alerted to the 
presence of a risk factor. This might delay future follow-up screenings as the 
woman would believe that she was at very low risk.53

The psychological risks could be mitigated by appropriate woman and 
physician counseling supplemented with freely available information about 
what the HPV results mean in the context of cervical cancer screening.53

Studies of safety issues

The authors of the Australian systematic review7 stated that the safety issues of 
the HPV DNA test for routine cervical screening are similar to those of the Pap 
smear test because the method used to collect cellular material is the same for 
both tests. The authors mention that specific safety issues or risks associated 
with the collection of cervical cells for cervical screening with HPV DNA have 
not been evaluated and reported in the literature reviewed.

Mayrand et al.35,55 did not report adverse events in the CCCaST. In the authors’ 
opinion, the false positive results confirmed by the LEEP were probably due 
to misclassification or overinterpretation of squamous metaplasia as CIN. 
Also, most CIN2+ lesions found in biopsies from women with negative HPV 
DNA tests were not confirmed by examination of the excisional specimens, 
suggesting that the HPV DNA test could improve the accuracy of the 
pathological diagnosis.  
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Incorporation of the HPV DNA test into primary screening will require  
patient education.

In the prospective randomized evaluation trial conducted in Finland, 
Kotaniemi-Talonen et al.61 stated that overdiagnosis due to the increase in 
detection of mild lesions may cause overtreatment. This increases anxiety 
and other adverse effects, including difficulties in reproductive health. Mild 
lesions may not need active treatment but rather a careful follow-up within an 
organized screening program.

The authors of the NTCC Italian study did not report any adverse events 
related to the different screening procedures. However, a statistically significant 
lower proportion of women 25 to 34 years of age in the experimental arm 
(HPV DNA) had at least one unsatisfactory cytology compared with women 
who received a Pap smear test in the conventional arm (3% versus 5%, 
p<0.0001). This difference was mainly attributable to obscured inflammation. 
The unsatisfactory results due to other reasons were similar in both arms.57 
For women 35 years of age and older, the unsatisfactory cytology because 
of obscured inflammation was much lower in the experimental arm than in 
the conventional arm (0.42 versus 2%, p<0.001), but the frequency of women 
with unsatisfactory cytology for other reasons was slightly higher in the 
experimental arm (2.1% versus 1.8%).56

The authors also reported some difficulty with compliance to repeat testing in 
younger women. Only 70% of women returned for a repeat test, despite having 
received reminders.56 The LBC produced significantly fewer unsatisfactory 
smears (less than half as many), but with a non-significant 32% gain in 
sensitivity relative to conventional smears.56 The authors did not control for 
verification bias because of the expected strong negative effect on recruitment.

According to the authors of the ALTS study, an inadequate HPV DNA test 
result was commonly due to an insufficient (less than 4 mL) residual sample 
in the PreservCyt® vial for performing the assay. The authors did not recall 
women for a repeat sample collection for the HPV DNA test. Instead, a priori 
missing HPV test values were considered positive, biasing the triage result 
slightly toward higher sensitivity and lower specificity.62 Among women with 
ASCUS, the HC2 HPV DNA assay using a cut-off of 1 pg/mL showed a 
decrease in positivity for longer intervals between the time of collection for the 
initial smear and that of conducting the HPV test (i.e., from 59% when the test 
was performed on a sample collected within 41 days of the cytologic smear 
to 53% when the test was performed on a sample collected between 42 and 
64 days and 50% when the test was performed on a sample collected after 64 
days). The variation was minimal among women with LSIL.63
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REPRODUCIBILITY OF SCREENING TESTS
The manufacturers of the HC 2 HPV DNA test and AMPLICOR® HPV 
test reported good reproducibility of the assays (source: Digene HC 2 High-
Risk HPV DNA Test48 and Roche Molecular Systems, Inc., Indications and 
characteristics of test).

In the CCCaST Canadian trial,55 the retest of 80 specimens (40 positive and 
40 negative results, randomly chosen) from the two clinical laboratories that 
performed HC2 HPV DNA tests showed a strong correlation of RLU values 
between test results in one laboratory and retest by the other (R2 = 0.9671). 
Agreement between the two laboratories was high (kappa = 0.878) for RLU 
values that were negative, 1 to 10, and more than 10.

The interlaboratory reproducibility of the LBC and/or the HC2 HPV DNA 
tests in the NTCC Italian trial were reported in two publications.66,67 One 
publication focused on reproducibility of LBC. The kappa values for the 
diagnostic categories for LBC in a selected set of 30 smears that were circulated 
among the 13 laboratories involved in the trial66 indicated fair reproducibility 
for normal and LSIL cytology, good reproducibility for HSIL or more severe 
lesions, and poor reproducibility for ASCUS cytology. The authors stated 
that the lack of reproducibility for ASCUS was most likely not due to the 
introduction of LBC, but rather caused by the low reproducibility of the 
ASCUS category itself. In the NTCC trial, cytology was classified according 
to the TBS 1991 guidelines. The subdivision of the global ASCUS according 
to the TBS 2001 is now recommended in Italian screening programs, and this 
may improve the reporting of this classification.

In another publication, Carozzi et al.67 found high reliability and reproducibility 
for the HPV DNA test for negative, low-positive, and high-positive results. 
Kappa values were higher for specimen transport medium control samples 
(medium used in the second phase of the trial) than for control samples 
collected in PreservCyt® (fixative-containing transport medium used in the first 
phase, when the HC 2 test was performed on the residual cell suspension). The 
authors stated that the use of standardized protocols for all seven laboratories 
provided highly reliable results.

The authors of the ALTS assessed the reproducibility of cytologic, colposcopic 
histologic, and LEEP histologic cervical interpretations among multiple well-
trained observers and found a high interpretative variability for all types of 
cervical specimens.68 Cytologic ASCUS and histologic CIN1 were particularly 
nonreproducible.69 The authors concluded that variability among experts in 
interpreting Pap tests and biopsies should be taken into consideration when 
using these interpretations and when developing standards of practice.69
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GUIDELINES FOR PRIMARY SCREENING AND 
TRIAGING WOMEN WITH CYTOLOGICAL 
ABNORMALITIES
A summary of 13 guidelines are presented, referring mainly to the HPV DNA 
test for triaging women with cervical cytological abnormalities published in 
Canada (five guidelines) and the US (eight guidelines) (Appendix G, Table 
G.1). No formal assessment was carried out to determine the quality of the 
guidelines and whether they were based on research evidence.

Guidelines issued in Canada

A pan-Canadian forum on cervical cancer prevention and control, which 
involved experts from 48 organizations, was held in 2003. The aim was to 
develop evidence-based consensus recommendations70 and to write position 
papers on the delivery of cervical cancer screening, HPV education, the HPV 
DNA test in primary screening and as a triage tool in cytopathology, and 
the optimal tool for cervical cytology within the Canadian health system. 
The participants emphasized that there is no Canadian consensus on the 
appropriate management of women with LSIL or ASC-US, and recommended 
that the HPV DNA test should be used to triage women 30 years of age and 
older with an ASC-US Papanicolaou test.

The Canadian Consensus guidelines on HPV12 published in 2007 were 
approved by the Executive and Council of the Society of Obstetricians and 
Gynecologists of Canada and endorsed by numerous Canadian organizations 
including the Society of Canadian Colposcopists and the Society of 
Gynecologic Oncologists of Canada. The objective was to promote guidelines 
for health care providers on the key aspects of HPV infection and the 
management of HPV related disease. The recommendations are based on 
relevant research evidence published between 1995 and 2007. Based on good 
evidence from at least one properly randomized, controlled trial, the guidelines 
recommend the reflex HPV DNA test only for women aged 30 years or older 
with ASCUS lesions. The HPV DNA test should be used only as an adjunct 
to cervical cytology, to reduce the false negative rate of conventional cytology 
and increase its negative predictive value. According to the guidelines, the HPV 
DNA test is not indicated and should not be performed in women younger 
than 30 years of age. Because of the high prevalence of high-risk HPV types 
in women with LSIL, HSIL, and squamous cell carcinoma, triage by means 
of the HPV DNA test should not be performed. The LBC test should be 
made available in all provinces and territories and reflex HPV testing should 
be facilitated when appropriate. Based on opinion and clinical experience, the 
guidelines also specified that type-specific HPV DNA testing should be made 
available within an appropriate algorithm to eligible women in all Canadian 
provinces and territories.

In Alberta, the Cervical Cancer Screening Working Group has developed a 
guideline16 (Appendix H). The guideline, published in 2000 and updated in 2007, 
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is currently under review. The authors acknowledge the role of HPV infection 
in the development of cervical cancer and the value of the HPV DNA test as 
a sensitive tool in detecting HSIL (high-grade lesions) among women with a 
smear result of ASC-US. However, routine HPV testing is currently not available 
in Alberta and the Alberta Cervical Cancer Screening Program will decide the 
future role of such routine testing following appropriate consultation.

In 2005 the Program in Evidence-based Care, Cancer Care Ontario, published 
minimum guidelines for cervical screening.39 The recommendations are 
based on a systematic review of research literature including clinical practice 
guidelines published between 1998 and July 2004, and also on expert 
opinion. The guideline mentions that the HPV DNA test, together with 
cytology (preferred tool LBC or acceptable tool conventional Pap smear), is 
recommended for women aged 30 and older with ASCUS lesions. If the HPV 
DNA test is positive, women should be referred for colposcopy. If the test 
is negative, women should have a repeat cytology in 12 months. If the HPV 
DNA test is unavailable, a repeat Pap test in 6 months is acceptable. Referral to 
colposcopy, without the HPV DNA test or repeat cytology is recommended 
in situations where there is a high probability of loss to follow-up, or if other 
symptoms, such as abnormal bleeding, suggest cervical abnormality. The level 
of evidence is C-III, meaning that the recommendation is based on expert 
opinion and the experience of respected authorities, descriptive studies, and 
reports by expert committees. This guideline was endorsed by the Ontario 
Guidelines Advisory Committee71 in February 2007.

Guidelines issued in the United States of America

In 2001 the American Society for Colposcopy and Cervical Pathology 
(ASCCP), together with the American College of Obstetricians and 
Gynecologists (ACOG) and other health organizations, federal agencies, 
and participating professionals, hosted a consensus conference to develop 
comprehensive, evidence-based guidelines for the management of women with 
cervical cytological abnormalities and cervical cancer precursors.72,73

In 2006 another consensus conference74 was held with the purpose of 
developing recommendations for the management of women with abnormal 
cervical cancer screening tests. The ASCCP, together with representatives 
from 29 organizations and professional societies, revised the 2001 guidelines. 
The recommendations for managing ASC-US and LSIL issued in 2001 were 
essentially unchanged. The participants concluded that three approaches—
repeat cytology, immediate colposcopy, and the HPV DNA test—are acceptable 
methods for managing women over the age of 20 with ASC-US (based on 
research evidence from at least one RCT). The preferred option was reflex 
HPV DNA testing for high-risk types of HPV when LBC is used as a primary 
screen. This approach is considered more sensitive, it eliminates a repeat 
office visit, and it refers fewer women to colposcopy when compared with 
immediate colposcopy or repeat cytology. The HPV DNA reflex testing should 
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not be performed at intervals less than 12 months. Triage of women with 
LSIL cytology by HPV DNA (except in special populations of adolescents 
and postmenopausal women) is not recommended. Women with LSIL should 
undergo colposcopy. There is a considerable risk of a CIN2 or greater result 
and a high prevalence of HPV DNA positivity in women with HSILs, therefore 
intermediate triage with the HPV DNA test or cytology is inappropriate.

The ACOG4572 published clinical management guidelines on HPV in 2005 for 
screening and treatment in sexually active women. Recommendations are based 
on relevant research evidence published between 1985 and 2004. The ACOG 
reiterated that the triage of women with ASC-US, using reflex HPV DNA 
testing for high-risk types when LBC, was used at the time of the initial visit, 
eliminates the need for a repeat office visit, is a more sensitive triage tool than 
repeat cytology, and refers fewer women to colposcopy. The HPV DNA test 
is not recommended for women with LSIL, ASC-H, or AGC. Both of these 
recommendations are based on good and consistent scientific evidence (Level 
A). Primary screening using a combination of cervical cytology and HPV 
DNA is appropriate for women aged 30 and older. If this combination is used, 
women who receive negative results on both tests should be rescreened no 
more frequently than every 3 years. This recommendation is based on limited, 
inconsistent scientific evidence (Level B) and is similar to the recommendation 
in another guideline published by ACOG in 2003 which focuses on cervical 
cytology screening.75,76 Based on consensus and expert opinion (Level C), it was 
stated that women older than 30 years of age with a negative cytology result 
who have high-risk HPV DNA positive test results should have both tests 
repeated in 6 to 12 months. Women with persistent high-risk HPV on repeat 
testing should undergo colposcopy regardless of the cytology result.

Other guidelines were issued by the US Preventive Services Task Force 
(USPSTF)77,78 in 2003 and the American Cancer Society (ACS)36 in 2002. The 
USPSTF guideline concluded that the evidence was insufficient to recommend 
for or against the routine use of the HPV DNA test as a primary screening 
test for cervical cancer. The ACS guideline for the early detection of cervical 
neoplasia and cancer concluded that for women 30 years of age and over, 
cervical screening may be performed using conventional cytology or LBC 
combined with a test for high-risk HPV, as an alternative to cervical cytology 
testing alone. The combined cytology and HPV DNA testing should not be 
performed more frequently than every 3 years. The recommendations were 
supported by several organizations, including ACOG and ASCCP although, 
when the guideline was published, the HPV DNA test did not have FDA 
approval. The HPV DNA test for the triage of woman with cytology results of 
ASC-US was considered outside of the screening guideline review.

The Institute for Clinical Systems Improvement (ICSI) developed 
recommendations for the initial management of abnormal cervical cytology 
(Pap smear) in 2006.65 The experts involved in the working group advocated 
the use of the HPV DNA test to triage woman with ASCUS. They stated 
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that triage using the HPV DNA test can be cost-effective when it is provided 
in settings that include LBC collection methods because the residual fluid 
could be saved for HPV analysis rather than having to call the women back 
for sampling. Only women who test positive for HPV can be referred for 
colposcopy. Clinicians who order the HPV DNA test should be aware of 
the strengths and limitations of the assay. According to the ICSI guideline, a 
positive test for high-risk HPV types indicates a need to educate the woman 
about the HPV infection, and a colposcopic examination should be scheduled. 
A negative HPV test indicates that the woman does not have a detectable 
burden of the high-risk virus types included in the test; however, the woman 
may have a high-risk type of a lower titre than that which is reliably tested for, 
or the woman may have an infection with a high-risk HPV type that is not part 
of the HPV assay.

The Kaiser Permanente National Cervical Cancer Screening Guideline 
Development Team issued evidence-based guidelines for cervical cancer 
screening in 2005.79 The guideline was updated in 2006. Combined 
conventional cytology (Pap smear) or LBC and HC2 HPV DNA tests are 
considered an acceptable option when used together for primary cervical 
cancer screening of asymptomatic, average-risk women 30 years of age and 
older. The recommendation is based on consensus. The HPV DNA test is 
recommended for women of all ages for triaging cytology results indicating 
ASC-US based on evidence graded good or fair. There is insufficient evidence 
to recommend for or against the use of the HPV test for the triage of women 
with cytologic results higher than ASC-US.

DISCUSSION
Cervical cancer remains a significant public health concern due to its associated 
morbidity and mortality. In Canada, cervical cancer ranks as the eleventh 
most frequent cancer in women, and the second most frequent cancer among 
women between 15 and 44 years of age.1

The HPV infection is a recognized causal factor for the development of 
most cervical cancer and its precursors. Certain HPV DNA types (HPV-16, 
-18, -26, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66, -68, -73, and -82) 
were identified as being associated with a higher risk for cervical cancer 
development. In Canada, 71% of invasive cervical cancers are attributed to 
HPV types -16 and -18.1 The HPV infection is found more commonly in 
sexually active women younger than 30 years of age, where it tends to resolve 
spontaneously or to cause only transient, minor lesions. Women over 30 years 
of age seem to be at an increased risk for persistent HPV infection and for 
development of cervical cancer. HPV is less often detected in women older 
than 30 years of age, where it is more likely associated with high-grade CIN2 
and CIN3 lesions or cancer.
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Screening for cervical cancer is a secondary prevention method intended to 
discover precancerous lesions (preclinical condition) and to reduce the risk of 
progression to cancer. While cytology has been used extensively to screen for 
cervical cancer, the HPV DNA test is also considered to be potentially useful 
for three clinical applications:

1. as a primary screening test, solely or in combination with a cytology test 
(Pap smear or LBC) to detect cervical cancer precursors

2. as a triage test for borderline abnormalities to select women needing 
referral to colposcopy and biopsy

3. as a follow-up test for treated high-grade intraepithelial lesions to predict 
cure or failure of treatment

Only the first two clinical applications of the HPV DNA test used solely as a 
primary screen or as a triage tool are reviewed in this report.

Two HPV assays suitable for large-scale testing are approved by Health 
Canada as Class 3 devices. They are based on two different technologies: 
hybridization-based assays (Hybrid Capture® 2 produced by QIAGEN/Digene 
Gaithersburg, Inc.) and PCR-based assays (AMPLICOR® HPV test produced 
by Roche Molecular Systems, Inc.). The HC2 HPV DNA test is also approved 
by the United States FDA for triaging women with ASCUS Pap smear results, 
to determine the need for referral to colposcopy and also to be used together 
with the Pap test to screen women 30 years of age and older for the absence or 
presence of high-risk HPV types. The HC2 HPV DNA test is not approved as 
a stand-alone primary screening test in the United States, while Health Canada 
does not specify its approved utilization status.

Both assays (HC2 HPV DNA and AMPLICOR® HPV) are able to identify 
13 high-risk types of HPV (HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, 
-58, -59, and -68), but cannot distinguish the HPV type(s) present in the 
specimen. The assays have their own limitations. A negative screening test 
result is not a guarantee of being disease-free, but rather an indicator that the 
likelihood of having the disease is low. A false negative result may be due to 
the presence of a very low concentration of an HPV virus in the specimen, or 
to patient or technical errors. Detection of an HPV infection is not an indicator 
of cytological or histological abnormalities, as most women infected with 
one or more high-risk HPV types do not develop grade 2/3 CIN or cancer. 
A false positive result with the HC2 HPV DNA assay may be due to cross-
hybridization of the DNA probes with unknown or additional HPV types.

The HC2 HPV DNA assay is considered a medium-level technology with a 
low inter- and intra-laboratory variation. However, adoption of the technology 
necessitates the achievement and maintenance of some level of expertise. The 
training required for laboratory technicians to use the HC2 HPV DNA assay is 
considered to be less complex and demanding than that required  
for interpreting a Pap smear or LBC test. In contrast, the PCR-based 
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technology, AMPLICOR®, requires additional skills in DNA processing, as well 
as facilities with safeguards for avoiding specimen contamination. The PCR 
procedure must be conducted in specialized laboratories and should be limited 
to personnel trained in these techniques. Both assays are considered more 
reliable/reproducible than a cytology test, which requires interpretation  
by a pathologist.

The HC2 HPV DNA test can be taken directly from the LBC vial, although 
this increases technician workload. In addition, enough cells must remain after 
the smear for cytology has been prepared to allow the second test. When 
taking separate specimens it is important to always take the cytology sample 
first, because bleeding due to sample collection has far less impact on the HPV 
DNA test result than it does on cytology.46

The HPV DNA assay is proposed to offer increased accuracy in diagnosing 
high-grade CIN lesions. The performance of a screening test depends on 
numerous factors such as the characteristics of the population studied (age, 
prevalence of cervical disease), study design (selection bias, definition of cut-
offs), method of gold standard assessment (masked or unmasked), verification 
bias, techniques used to obtain and handle the specimen, the adequacy of 
the microscopic examination, and the effectiveness of communication of the 
result to the clinician.12 The setting in which the studies are conducted may 
have implications for interpreting their performance test characteristics and 
explaining differences among them:

—— A low prevalence of HPV infection in the general population reduces the 
positive predictive value of the test. The sensitivity of the HPV DNA assay 
has generally been lower in developing country settings.

—— Altering the criterion of positivity of the test by increasing the cut-off 
values for the HC2 HPV DNA test from 1 pg/mL to 2 pg/mL or higher, 
or for cytology from ASCUS to LSIL lesion, will reduce the sensitivity 
and negative predictive value of the test and will decrease the number of 
referrals to colposcopy. A number of true cases can be missed following 
this approach. 

—— Correction for verification bias can be accomplished by subjecting all 
participants to the reference standard, or at least to a random proportion 
of negative results. Verification of lesions only in participants with positive 
screening test results can provide performance values of the screening 
test that are overestimations (increase sensitivity and lower/decrease 
specificity). This should be a requirement in the study’s methodology but 
could be considered too expensive, or unethical in a  
population-based screening.

—— A reduction in the positivity of the HPV DNA test result was seen when 
the analysis was performed after a considerable amount of time had passed 
following collection of the specimen for the initial smear.
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—— The sample specimens are collected by different methods using different 
mediums that require special temperatures during transport and storage 
prior to testing.

—— Contamination of the sample, a technical laboratory problem, and 
misclassification of the outcome may explain variations of the accuracy 
tests’ results.

In younger women HPV infection may be common in the absence of cervical 
lesions. In this population, screening with the HC2 HPV DNA test will result 
in identification of a higher number of false positives and the test will show a 
lower specificity. The HPV DNA test performs better in older women (over 30 
years of age) and specificity is higher in this population.

The HPV DNA test was found to be more sensitive and less specific than 
cytology in identifying high-grade precancerous lesions (CIN2 and CIN3). 
Highly sensitive HPV tests will have fewer false negative results and will 
therefore identify more false positives. High specificity is required to avoid 
anxiety, subsequent unnecessary investigations, unnecessary treatment, and  
side effects.37

The safety of the HPV DNA assay is considered acceptable and to be without 
direct adverse effects on the health of the women. However, malfunctions 
or operator errors could be encountered. Testing positive at the HPV DNA 
screen may have psychosocial implications such as anxiety and distress, 
although the infection frequently clears up without progressing to more severe 
histological lesions. A false positive result might lead to unnecessary invasive 
and uncomfortable treatment. A false negative result at the HPV DNA triage 
can have serious implications, as women may not be referred for appropriate 
treatment in a timely manner.

Multiple guidelines have been issued in Canada and in the United States. The 
majority are based on research evidence, with some recommendations based 
on expert opinion. Most of these guidelines do not recommend using the HPV 
DNA assay for primary screening. A reason may be the absence of research 
evidence from reliable studies when these guidelines were issued. The ACOG, 
the ACS, and the guideline published by Kaiser Permanente all recommend the 
use of the HPV DNA test together with a cytology test (Pap smear or LBC) for 
primary screening. The US Preventive Services Task Force found insufficient 
evidence to recommend for or against the routine use of the HPV DNA test as 
a primary screening protocol. In the majority of the guidelines included in the 
present review, the HPV DNA test is recommended for the triage of women 
30 years of age and older with ASC-US. The test is not recommended for the 
triage of women with LSIL, ASC-H, HSIL, or SCC. The research evidence 
used to inform the triage recommendations is based mainly on the published 
results from the ALTS randomized controlled trial.
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The HPV DNA test has not been integrated into the primary cervical screens 
in Canada but, according to the Canadian Consensus Guidelines on HPV, the 
HPV DNA test is recommended for the triage of women over the age of 30 with 
ASC-US cytology results. The recommendation mentions that the LBC test 
should be used to facilitate reflex HPV testing when appropriate. The HPV DNA 
test should not be performed in women younger than 30 years of age and also 
in women with LSIL, HSIL, and SCC. The Program in Evidence-Based Care, 
Cancer Care Ontario, and the Ontario Guidelines Advisory Committee also 
recommend that the HPV DNA test be used for triaging ASC-US cytology. The 
cytology test preferred is LBC. The Pap smear test is considered acceptable.

Results from RCTs focused on primary screening

Three RCTs (seven studies in total) from Canada,35,55 Finland,60,61 and Italy56,57,59 
focus on the HPV DNA test as the primary screening test for cervical cancer.

Although these RCTs evaluated the performance of the tests on longer follow-
up periods and used different algorithms/sequences of screening with the 
HPV DNA and cytology tests (Pap smear or LBC), the information presented 
in this report is focused on the performance of the screening test and on 
baseline results obtained at primary screening. Only two publications, both 
from the Italian RCT,56,59 present results of the HPV DNA test on women 
younger than 35 years of age. Although the authors do not provide results 
for the HPV DNA assay used alone, sensitivity analysis was conducted to 
estimate the test’s performance compared to cytology (Appendix I.3). The 
HPV DNA test used in all the included RCTs is the Hybrid Capture (HC) 2, 
Probe B which is able to detect 13 high-risk types of HPV in cervical samples. 
In two RCTs (Canada, Italy), referral for colposcopy was based on a positive 
HPV DNA test independent of cytology results, while in the Finnish RCTs 
women were referred to colposcopy if they were HPV positive and also had 
cytological changes Pap class III – IV (equivalent to ASC-H, LSIL, HSIL, AIS 
by BTS, 2001). In only one RCT conducted in Canada were the performance 
estimates corrected for verification bias of disease status. The Canadian authors 
conducted analyses of the results using different definitions—conservative versus 
liberal, and crude and corrected estimates. Interestingly, after correction for 
verification bias and using a liberal definition, the sensitivity values for detecting 
CIN2+ lesions from both screening tests (HC2 HPV DNA and Pap smear 
tests) were found to be only slightly different (45.9% versus 43.4%), while the 
specificity did not vary when compared with corrected estimates calculated 
using a conservative definition (94.1% versus 96.8%).

The results from all of the studies showed that primary screening with the 
HC2 HPV DNA assay is more sensitive for identifying CIN2+ and CIN3+ 
lesions compared to cytology at cut-off points of ASCUS or LSIL, but it was 
less specific. Differences between assays were, in many cases, statistically 
significant, but the specificity variations were slightly different (i.e., relative 
specificity value range was 0.92 to 1.0 while relative sensitivity value range 
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was 1.06 to 2.06). So compared with a cytology test, the HPV DNA test 
will miss fewer women who have high-grade cervical lesions. This is an 
important gain for a screening test searching for cancer precursors, but it 
will also falsely identify many women as having the condition, increasing 
the number of unnecessary referrals to colposcopy. Both assays, the HPV 
DNA and cytology, seem to perform well at the population level having 
high negative predictive values. Thus both tests detect a high proportion of 
women with a negative test result who do not have high-grade CIN lesions. 
Appendix D, Table D.2 presents the performance characteristics of the HPV 
DNA assay and cytology test (Pap smear and LBC) used as primary screens 
for identifying high-grade lesions CIN2+ and CIN3+ at different cut-offs in 
women under 30 years of age and 30 years of age and older.

Authors of the randomized controlled trials also provide information about 
using the HPV DNA assay and cytology testing together. In the Canadian 
RCT, co-testing (i.e., the HPV DNA test and the Pap smear test used together) 
further increased the sensitivity and negative predictive values for detecting 
high-grade CIN lesions, but at the expense of a considerable loss in specificity 
and positive predictive value. The number of referrals increased however, 
when compared to the HPV DNA test used alone. The ACS and ACOG 
both endorsed the combined Pap and HPV DNA tests in primary screening. 
Canadian guidelines are silent on co-testing.

One ongoing RCT80 was identified which focuses on the HPV DNA assay 
used as a primary screening test with LBC triage of HPV positive women 
25 to 69 years of age. The study, which is being conducted in Canada by the 
University of British Columbia, was initiated in March 2007 and is expected to 
be completed by March 2014.

Results from RCTs focused on triage

One RCT (two publications in total) conducted in the United States62,63 
focused on HPV DNA triaging of women with abnormal cytology results 
(ASCUS or LSIL) and provided results according to age groups. Performance 
characteristics for HPV DNA as a triage tool were also provided by the RCTs 
conducted in Canada35 and Italy.58 However, in these two RCTs no results were 
reported for using cytology tests (Pap smear or LBC) to triage women with 
abnormal cytology results. It was not possible to compare the performance 
parameters of the HPV DNA test and the cytology test as triage tools. The US 
RCT included women 18 years of age and older, in the Italian study women 
were 25 to 60 years of age, and the Canadian study focused only on women 30 
to 69 years of age. Performance values for the HPV DNA assay and cytology 
tests (Pap smear and LBC) as triage tools in women under 30 years of age, and 
30 years of age and older at different cut-off values, are presented in Appendix 
D, Table D.4.

In the United States ALTS study, the HPV DNA assay had a higher sensitivity 
than a repeat thin-layer Pap smear (LBC test) at a threshold ASCUS+. 
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This means that the HPV DNA assay was able to identify positive results in 
more women 29 years of age and older with ASCUS+ and with high-grade 
neoplasia CIN3+ lesions (relative sensitivity 1.03). The estimates for referral to 
colposcopy were 31% for women triaged with the HPV DNA assay and 50% 
for women who had a repeat cytology test. In younger women the sensitivity 
of the HPV DNA assay was higher than for cytology (relative sensitivity 1.09) 
while the estimates for referral to colposcopy were high for both tests—65% 
(HPV DNA assay) versus 64% for the cytology. The authors could not identify 
a promising strategy for colposcopy triage of women with LSIL in any age 
group, as neither a single HPV DNA test nor a repeat cytopathology provided 
useful triage.

Cytology interpreted as LSIL is highly likely to test positive for high-risk HPV 
types, particularly for young women. For this reason, the HPV DNA test is not 
helpful in the triage of LSIL. Given its low specificity, the American Society for 
Colposcopy and Cervical Pathology does not recommend reflex HPV triage for 
LSIL, but proposes immediate referral to colposcopy.

CONCLUSION
The intent of this rapid review was to address the questions regarding the 
performance of the HPV DNA test in comparison to either Pap smear or 
LBC as a primary screen or triage in asymptomatic women split into two age 
categories: under 30 years of age and 30 years of age and older. The scope of 
the research evidence that was looked at was limited and was tailored to the 
Alberta context. The performance characteristics of the tests were presented as 
sensitivity, specificity, and negative or positive predictive values.

Validity is measured by the screening test’s ability to correctly categorize 
women who have the preclinical disease (sensitivity) from those who do not 
(specificity). Ideally, a screening test is both highly sensitive and specific, but 
this is not usually possible; there is generally a trade off between sensitivity and 
specificity. Acceptable levels of sensitivity and specificity involve weighing the 
consequences of leaving cases undetected (false negatives) against classifying 
healthy women as diseased (false positives). Using cut-off points to increase 
the ability of the screening test to avoid missing a true positive comes at the 
expense of increasing the number of women wrongly labeled as having the 
disease (false positives). Therefore, making the cut-off point less stringent or 
lowering the positivity of a test means that more women who actually have the 
disease or pre-clinical condition will test positive (increased sensitivity), but so 
will the number of women who do not have the disease (decreased specificity).

Reliability or reproducibility of the test refers to the consistency of results when 
repeat examinations are performed on the same woman under the  
same conditions. There are four sources of variability: biological variation, 
variation due to the test measurement, intra-observer variation,  
and inter-observer variation.7
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Follow-up of women who screen positive is measured by calculating the 
positive predictive value (PPV) of the test. It is a measure of the probability 
that a woman who actually has the disease tests positive. The negative 
predictive value (NPV) is a measure of the proportion of women with a 
negative test result who do not have the disease. The PPV and NPV are 
influenced not only by the sensitivity and specificity of a test but also by the 
prevalence of the preclinical disease. The more sensitive the test, the less 
likely it is a woman with a negative test will have the disease and the greater 
the NPV. With a rare disease such as cancer, an increase in the specificity of 
a screening test will have a much greater effect on the PPV than an increase 
in sensitivity. As the prevalence rate of preclinical disease or cervical cancer 
is low, the PPV will be low, and a large proportion of women who screened 
positive will be referred for diagnostic confirmation by colposcopy or biopsy 
and found not to have the disease.

The evidence base regarding the role of the HPV DNA test in a cervical 
screening program for asymptomatic women comes from one systematic 
review published in Australia and four RCTs, one each conducted in Canada, 
the United States, Italy, and Finland. The HC 2 HPV DNA test was used 
consistently in all four trials. Only the RCT conducted in Canada chose a 
random sample of women who tested negative to undergo a colposcopy to 
verify whether pre-clinical disease (CIN2, CIN3) or cervical cancer were 
present or not. This trial is considered to provide the most unbiased evidence 
by not inflating sensitivity values.

Using the research evidence generated by four recently conducted RCTs, 
several questions are addressed.

Question: Should the HPV DNA test at any cut-off value (1pg/mL to 2pg/
mL) be used as a primary screen in comparison to Pap smear or LBC (cut-
off ASCUS/ASC-US) with an outcome of CIN2+ and CIN3+? The research 
evidence for women 30 years of age and older stated that based on sensitivity 
alone, more women with preclinical disease or cancer were detected with the 
HPV DNA test compared to a Pap smear or LBC. The PPV varied while the 
NPVs were similar across all three tests. The PPV was higher for the Pap smear 
test than for the HPV DNA test, indicating fewer false positive results with 
Pap smear than the HPV DNA test and fewer women exposed to unnecessary 
colposcopies. The LBC had a lower PPV than either the Pap smear or the 
HPV DNA tests. Co-testing (combined Pap smear and HPV DNA tests) 
further increased the sensitivity and NPV for detecting high-grade CIN lesions, 
but at the expense of a considerable reduction in specificity and PPV. Thus, 
co-testing increased the number of unnecessary referrals, compared to either 
the HPV DNA test or the Pap smear alone. When factoring in reliability, the 
information came from the Canadian and Italian studies, which indicated a 
higher reproducibility for the HPV DNA test. In the Italian study, LBC was less 
reproducible than the HPV DNA test and the authors stated that the reason for 
this finding might have been due to the use of an older version of TBS.
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Question: Should the HPV DNA test at 1pg/mL be used for triage compared 
to Pap smear or LBC for women 30 years of age and older? The only complete 
research evidence comes from the US study.62,63 It stated that for women with 
ASCUS cytology, the HPV DNA test had the highest sensitivity, referring 19% 
fewer women for colposcopy than repeat LBC (i.e., in a population of 1000 
women the HPV DNA test would refer 312 women to colposcopy, whereas 
repeat LBC would refer 501 [higher number of false positives]). No research 
evidence was available for triage with Pap smear compared to HPV DNA test. 

Question: Should HPV DNA at any cut-off value (1pg/mL to 2pg/mL) be 
used as a primary screen in women under the age of 30 years when compared 
to Pap smear or LBC (ASCUS) with an outcome of CIN2+ and CIN3+? The 
source of the research evidence is the Italian study57. Based on sensitivity alone, 
more women with preclinical disease or cancer were detected with the HPV 
DNA test than with the Pap smear. The PPV was higher for the Pap smear 
than for the HPV DNA test. The Pap smear produced fewer false positive 
results at 1 pg/mL cut-off. There were no differences in effectiveness between 
the Pap smear and the HPV DNA test at 2pg/mL. Performance characteristics 
for LBC were not provided.

Question: Should the HPV DNA test at 1pg/mL be used for triage compared 
to Pap smear or LBC for women under the age of 30 years? The available 
research evidence comes from the US study,62,63 which stated that for women 
with ASCUS cytology, the HPV DNA test had a higher sensitivity compared 
to repeat LBC. The proportion of women referred for colposcopy was similar 
for both tests. No research evidence was available that compared the Pap smear 
with the HPV DNA test.

The HC 2 HPV DNA assay does not have approval as a primary screening test 
for cervical cancer in the United States, while Health Canada does not specify 
its approved utilization status. Multiple guidelines published in North America 
were reviewed. The guidelines were not consistent in their recommendations, 
mostly due to the lack of or conflicting research evidence at the time of 
formulation. Canadian guidelines provide recommendations for the HPV DNA 
test in women 30 years of age and older, but only for triage to colposcopy.

The HPV DNA test is more sensitive than cytology tests in detecting the 
preclinical conditions (CIN2, CIN3) and cervical cancer; however, from a 
clinical perspective it is important to limit the number of false positive results. 
Current research evidence indicated that cytology tests have a higher PPV than 
the HPV DNA test. Therefore, current research evidence supports the use of 
the Pap smear or the LBC test as a primary screen in any age group, and the 
HPV DNA test as a triage tool for referral to colposcopy for women in any age 
group with ASCUS cytology. An ongoing trial in British Columbia will provide 
more evidence on the role of the HPV DNA test as a primary screening tool 
followed by LBC triage of HPV-positive women, compared with cervical 
cytology (LBC) screening alone.  
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The trial includes asymptomatic women over the age of 25 years and should be 
concluded by 2014. 

It is anticipated that the recent introduction of the HPV vaccination as a 
primary prevention strategy will require a revisitation of cervical cancer 
screening tests to maximize cancer prevention strategies for Canadian women.

APPENDIX A: METHODS

Search strategy

The Institute of Health Economics research librarian (Ms. Trish Chatterley) 
conducted two literature searches.

A systematic literature search was conducted February 2008, updated at the 
end of March 2008, and articles published from 2002 onwards were retrieved. 
The search was further limited to systematic reviews, health technology 
assessments (HTAs), and guidelines, and identified 302 abstracts (Figure 1, 
Appendix A). In addition to the strategy below (Table A.1), reference lists of 
retrieved articles were reviewed for potential studies.

Medical Subject Heading (MeSH) terms relevant to this topic include: 
Papillomavirus Infections; DNA Probes, HPV; Uterine Cervical Diseases

TABLE A.1: SEARCH STRATEGY SYSTEMATIC REVIEWS, HTAS, AND GUIDELINES

DATABASE
EDITION OR DATE 
SEARCHED SEARCH TERMS ††

Core Databases

The Cochrane Library

http://www.thecochranelibrary.com

February 2, 2008 (human papillomavirus OR human 
papillomavirus OR hpv) AND (test* or 
screen* or smear*) in Title, Abstract 
Keywords

PubMed

http://www.pubmed.gov

February 4, 2008 #1 hpv OR papillomavirus or cervical 
cancer

#2 test or tests or testing OR screen* or 
smear*

#3 #1 AND #2

#4 (search[tiab] OR medline[tiab] 
OR systematic review[tiab]) AND (in 
process[sb] OR pubmednotmedline[sb] 
OR publisher[sb])

# 5 #3 AND #4

CRD Databases (DARE, HTA, & 
NHS EED)

February 2, 2008 (“human papillomavirus” OR “human 
papillomavirus” OR hpv) AND (test* or 
screen* or smear*)
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DATABASE
EDITION OR DATE 
SEARCHED SEARCH TERMS ††

EMBASE February 4, 2008 1 exp papilloma virus/

2 (test$ or screen$ or smear$).mp.

3 1 and 2

4 ((hpv or papillomavirus or papilloma  
 virus) adj2 (test$ or screen$)).mp.

5 DNA Probe/

6 1 and 5

7 3 or 4 or 6

8 screening test/ or mass screening/ or 
 cancer screening/

9 exp uterine cervix/

10 8 and 9

11 papanicolaou test/ or uterine cervix  
 cytology/ or vagina cytology/ or  
 vagina smear/

12 ((cervical or vaginal or PAP or 
papanicolaou) adj2 (smear$ or test$ or 
screen$)).mp.

13 (liquid based cytology or liquid based 
cervical cytology).mp.

14 or/7,10-13

15 exp Uterine Cervix Cancer/

16 exp Uterine Cervix Disease/

17 Precancer/

18 Squamous Cell Carcinoma/

19 (17 or 18) and 9

20 15 or 16 or 19

21 14 and 20

TABLE A.1: SEARCH STRATEGY SYSTEMATIC REVIEWS, HTAS, AND GUIDELINES 
 (CONTINUED)
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DATABASE
EDITION OR DATE 
SEARCHED SEARCH TERMS ††

MEDLINE

(OVID interface)

February 4, 2008 1 exp Papillomaviridae/

2 exp Tumor Virus Infections/

3 exp Papillomavirus Infections/

4 or/1-3

5 (test$ or screen$).mp. [mp=title,  
 original title, abstract, name of   
 substance word, subject  
 heading word]

6 4 and 5

7 ((hpv or papillomavirus) adj2 (test$ or  
 screen$)).mp.

8 DNA Probes, HPV/

9 or/6-8

10 Cervical Intraepithelial Neoplasia/

11 exp Uterine Cervical Diseases/

12 exp Precancerous Conditions/

13 Cervix Uteri/

14 12 and 13

15 ((cervix or cervical) adj3 (cancer$ or  
 carcinoma$ or biopsy$  
 or dysplasia)).mp.

16 10 or 11 or 14 or 15

17 9 and 16

18 Vaginal Smears/

19 ((cervical or vaginal or PAP or   
 papanicolaou) adj2 (smear$ or test$  
 or screen$)).mp.

20 (liquid based cytology or liquid based  
 cervical cytology).mp.

21 Cytology/

22 Cytological Techniques/

23 Cytopathogenic Effect, Viral/

24 or/18-23

25 24 and 16

26 17 or 25

TABLE A.1: SEARCH STRATEGY SYSTEMATIC REVIEWS, HTAS, AND GUIDELINES 
 (CONTINUED)
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DATABASE
EDITION OR DATE 
SEARCHED SEARCH TERMS ††

Web of Science March 28, 2008 Topic=(papilloma* or hpv) AND 
Topic=(test* or screen* or smear* or 
probe*) AND Topic=(“systematic review” 
or metaanalys* or meta-analys* hta or 
“health technology assessment” or 
guideline) AND Topic=(cervix or cervical) 
AND Topic=(cancer* or carcinoma* or 
neoplasm* or dysplasia)

Timespan=2002-2008. Databases=SCI-
EXPANDED, SSCI, A&HCI.

Guidelines

CMA infobase (http://mdm.ca/
cpgsnew/cpgs/index.asp)

February 2, 2008 Papillomavirus;

Papilloma virus;

Hpv;

Cervical Cancer

National Guideline 
Clearinghouse

www.guideline.gov/

February 2, 2008 Hpv and test*;

Disease/Condition: cervical cancer

Guideline Categories: Screening

Publication Date(s): 2008, 2007, 2006, 
2005, 2004, 2003, 2002

HTA Agencies

AETMIS (http ://www.aetmis.
gouv.qc.ca/site/en_publications.
phtml)

February 2, 2008 Browsed list of publications

CADTH

(http://www.cadth.ca/index.php/
en/hta/reports-publications/
search)

February 2, 2008 HPV

ECRI Institute

(HTAIS database (licensed))

February 2, 2008 Hpv and test*

Human papillomavirus and test*

Human papillomavirus and test*

Cervical cancer and screen*

Medical Services Advisory 
Committee http://www.msac.
gov.au/

February 2, 2008 Cervical cancer

Note: ††, *, #, and ? are truncation characters that retrieve all possible suffix variations of the root word, 
e.g., surg* retrieves surgery, surgical, surgeon, etc. Searches separated by semicolons have been entered 
separately into the search interface

TABLE A.1: SEARCH STRATEGY SYSTEMATIC REVIEWS, HTAS, AND GUIDELINES 
 (CONTINUED)
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A new comprehensive search was conducted in May 2008 and updated in 
October 2008 (Table A.2) which retrieved articles published between 2000 and 
2008. The search was limited to randomized controlled trials. An additional 
1114 abstracts resulted (Figure 1, Appendix A).

MeSH terms relevant to this topic are: Papillomaviridae; Papillomavirus 
Infections; Cervical Intraepithelial Neoplasia.

TABLE A.2: SEARCH STRATEGY RANDOMIZED CONTROLLED TRIALS

DATABASE
EDITION OR DATE 
SEARCHED SEARCH TERMS ††

Core Databases

The Cochrane Library

http://www.thecochrane library. 
com

Issue 2, 2008

October 7, 2008

“hpv or papilloma* in Title, Abstract or 
Keywords and test* or screen* or smear* 
in Title, Abstract or Keywords and cervix 
or cervical in Title, Abstract or Keywords 
and cancer* or biopsy* or carcinoma* or 
dysplasia in Title, Abstract or Keywords, 
from 2000 to 2008

PubMed October 7, 2008 #1 hpv OR papilloma*

#2 test OR tests OR testing OR screen* 
OR smear*

#3 cervix or cervical

#4 cancer* OR biopsy*or carcinoma* or 
dysplasia

#5 random* OR double-blind* or placebo* 
or trial[ti]

#6 #1 AND #2 AND #3 AND #4  
AND #5

#7 in process[sb] OR 
pubmednotmedline[sb] OR publisher[sb]

#8 #6 AND #7
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DATABASE
EDITION OR DATE 
SEARCHED SEARCH TERMS ††

Medline October 7, 2008 1 exp Papillomaviridae/ 
2 exp Tumor Virus Infections/ 
3 exp Papillomavirus Infections/ 
4 or/1-3 
5 (test$ or screen$).mp. [mp=title,  
 original title, abstract, name of   
 substance word, subject  
 heading word] 
6 4 and 5 
7 ((hpv or papillomavirus) adj2 (test$  
 or screen$)).mp. 
8 DNA Probes, HPV/ 
9 (HPV probe$ or HPV DNA or   
 papillomavirus DNA).mp. 
10 Hybrid Capture II.mp. 
11 or/6-10 
12 Cervical Intraepithelial Neoplasia/ 
13 exp Uterine Cervical Diseases/ 
14 exp Precancerous Conditions/ 
15 Cervix Uteri/ 
16 14 and 15 
17 ((cervix or cervical) adj3 (cancer$ or  
 carcinoma$ or biopsy$  
 or dysplasia)).mp. 
18 12 or 13 or 16 or 17 
19 11 and 18 
20 (Clinical trial or randomized controlled  
 trial).pt. or randomized.ti,ab.  
 Or placebo.ab. or exp clinical trial/ or  
 comparative study/ or randomly.ab.  
 or trial.ti. 
21 19 and 20 
22 animals/ 
23 humans/ 
24 22 not (22 and 23) 
25 21 not 24 
26 limit 25 to yr=”2000 – 2008” 
27 limit 26 to (comment or editorial or  
 historical article or letter  
 or newspaper article) 
28 26 not 27 
29 biopsy$.mp. 
30 29 not (29 and 7) 
31 28 not 30

TABLE A.2: SEARCH STRATEGY RANDOMIZED CONTROLLED TRIALS (CONTINUED)
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DATABASE
EDITION OR DATE 
SEARCHED SEARCH TERMS ††

EMBASE – 

Ovid platform  
(Licensed resource) 

October 7, 2008 1 exp papilloma virus/ 
2 (test$ or screen$ or smear$).mp. 
3 1 and 2 
4 ((hpv or papillomavirus or papilloma  
 virus) adj2 (test$ or screen$)).mp. 
5 DNA Probe/ 
6 1 and 5 
7 Hybrid Capture II.mp. [mp=title,  
 abstract, subject headings, heading  
 word, drug trade name, original  
 title, device manufacturer,  
 drug manufacturer name] 
8 3 or 4 or 6 or 7 
9 exp uterine cervix/ 
10 exp Uterine Cervix Cancer/ 
11 exp Uterine Cervix Disease/ 
12 Precancer/ 
13 Squamous Cell Carcinoma/ 
14 (12 or 13) and (9 or cervix.mp.) 
15 ((cervix or cervical) adj3 (cancer$ or  
 carcinoma$ or biopsy$ or dysplasia  
 or screen$ or smear$)).mp. 
16 atypical squamous cell$.mp. 
17 or/10-11,14-16 
18 8 and 17 
19 randomized.ti,ab. Or placebo.ab. or  
 exp Clinical Trial/ or comparative  
 study/ or intermethod comparison/ or  
 randomly.ab. or trial.ti.  
 or double-blind$.mp. 
20 18 and 19 
21 humans/ 
22 animals/ 
23 22 not (21 and 22) 
24 20 not 23 
25 limit 24 to (conference paper or  
 editorial or letter or note) 
26 24 not 25 
27 limit 26 to yr=”2000 – 2008” 
28 biopsy$.mp. 
29 28 not (biopsy$.mp. and 4) 
30 27 not 29

Web of Science – 

ISI platform

(Licensed resource)

October 7, 2008 Topic=(papilloma* or hpv) AND 
Topic=(test* or screen* or smear* or 
probe*) AND

Topic=(cervix or cervical) AND 
Topic=(cancer* or carcinoma* or biopsy* 
or dysplasia) AND

Topic=(random* or double-blind* or 
placebo*)

Timespan=2000-2008. Databases=SCI-
EXPANDED, SSCI, A&HCI

TABLE A.2: SEARCH STRATEGY RANDOMIZED CONTROLLED TRIALS (CONTINUED)

IHE_HPV-V4.indd   108 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta 109

DATABASE
EDITION OR DATE 
SEARCHED SEARCH TERMS ††

Biosis Previews October 7, 2008 Topic=(papilloma* or hpv) AND 
Topic=(test* or screen* or smear* or 
probe*) AND

Topic=(cervix or cervical) AND 
Topic=(cancer* or carcinoma* or biopsy* 
or dysplasia) AND

Topic=(random* or double-blind* or 
placebo*)

Timespan=2000-2008. Databases=SCI-
EXPANDED, SSCI, A&HCI

Clinical Trials

ClinicalTrials.gov (US) http://
clinicaltrials.gov/

October 7, 2008 hpv test; hpv testing;

hpv dna test; papilloma test; hybrid 
capture

CenterWatch Clinical Trials 
Listing Service http://www.
centerwatch.com/

October 7, 2008 Keyword: hpv; papilloma

Condition: cervical cancer

Current Controlled Trials http://
www.controlled-trials.com/mrct/

October 7, 2008 Hpv test; hpv testing; dna test; papilloma 
test; hybrid capture; cervical cancer 
screening

National Research Register 
https://portal.nihr.ac.uk/Pages/
NRRArchive.aspx

October 7, 2008 Hpv test; hpv testing;

Note: ††  *, #, and ? are truncation characters that retrieve all possible suffix variations of the root word, 
e.g., surg* retrieves surgery, surgical, surgeon, etc.; are used to separate search terms that were searched 
separately

TABLE A.2: SEARCH STRATEGY RANDOMIZED CONTROLLED TRIALS (CONTINUED)
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Study selection process

The studies identified by the search strategy that met the first-level inclusion 
criteria were retrieved, reviewed, and assessed to determine the relevance of 
each study.

Inclusion criteria:

Population 

Primary screening: asymptomatic women presenting for routine cervical 
screening, categorized by age. 
Triaging screening: High-risk women defined as screen positive, 
categorized by age.

Intervention: HPV tests that currently have licensure and approval from 
Health Canada and the United States FDA (Digene® DML-2000 Capture 
System manufactured by Qiagen Gaithersburg, Inc.; AMPLICOR® HPV test 
manufactured by Roche Molecular Systems).

Comparators: Pap smear and LBC. The Bethesda Reporting System (2001 
version) is used for cytological classification. When possible, the studies where 
the cytology is reported using other systems will be converted to the nearest 
equivalent in the Bethesda System 2001.

Outcome

Primary screening: Diagnostic accuracy expressed by sensitivity and 
specificity, likelihood ratios, diagnostic odds ratio and area under a Receiver 
Operator Curve, positive predictive value, negative predictive value, test 
performance relative to the reference standard.
Triaging screening: Referrals to colposcopy and biopsy based on 
sensitivity, specificity, and reduced numbers of false positives.
Note 1: Correction for verification bias, which means verification of the 
disease status by colposcopy and/or biopsy (gold standard), should be 
available from all abnormal or suspicious Pap smears, LBC tests, and positive 
HPV tests, and from all or at least a random fraction of the negative tests.
Note 2: Ideally, the included studies provide baseline information that allows 
verification of the reported performance results. 

Study design: Health technology assessment reports and systematic reviews/
meta-analyses. If none found, primary comparative studies (randomized 
controlled studies) will be considered. 

An article was deemed to be a systematic review if it met all of the following 
criteria as defined by Cook et al.:54

—— focused clinical question

—— explicit search strategy
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—— use of explicit, reproducible, and uniformly applied criteria for 
article selection

—— critical appraisal of the included studies

—— qualitative or quantitative data synthesis 

Where the information was not available or not clearly described, an attempt 
was made to contact and obtain details from the authors.

Publication limits: From 2000 onwards.

Language: English and available abstract. Concluding results from abstracts of 
important studies published in other languages will be mentioned in the report. 

Location: Only studies conducted in countries with developed market 
economies are included because the health status, cultural norms, access to 
health care, and disease burden of individuals from countries with transitional 
or developing economies were likely to be too different from those factors 
in Canada to be relevant. According to the United Nations,54 the following 
countries are considered developed market economies: Australia, European 
countries excluding the European transition economies, Canada, Japan, New 
Zealand, and United States of America. (List available at: http://unpan1.
un.org/intradoc/groups/public/documents/un/ unpan008092.pdf, accessed 
on April 14, 2008.)

Information for the background section of the report, such as the epidemiology 
of HPV infection and its association with cervical cancer, is obtained 
from relevant publications in the form of narrative reviews, editorials, and 
commentary. Guidelines, policies, and position papers are included, if available.

Exceptions. The following studies were considered for inclusion:

—— Studies recommended by professional experts or mentioned in the list of 
references of reviewed publications that were not identified by the search 
strategy and were published from 2000 onwards.

—— Studies of best level of evidence (RCTs) on efficacy/effectiveness where 
the verification of the disease status by colposcopy and/or biopsy (gold 
standard) was not available from all or at least a random fraction of the 
negative (normal) tests.

—— Studies (RCTs) using a protocol that included two screening tests in the 
intervention group (HPV test and a cytology test) if they provided separate 
baseline results of the tests used for primary screening or triage.

—— Studies (RCTs) that provide performance values for the screening test 
(sensitivity, specificity, positive predictive values) without including 
baseline data to allow verification of the calculations are included only if 
they are the only source of information.

The manufacturers of the HPV tests that currently have licensure and approval 
from Health Canada were contacted for technical information.
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Exclusion criteria

Population: Pregnant women; women with self-collected cervical samples; 
women who have had hysterectomies; adolescents.

Intervention: HPV DNA test products that do not have licensure approval in 
Canada and the USA such as: Hybrid Capture 1 test (an old version of Hybrid 
Capture 2), ViraPap and ViraType, automated or semi-automated slide reading/
analyzing technologies, in situ hybridization, dot blot hybridization, Southern 
blot hybridization (SBH), fluorescence in situ hybridization (FISH), and PCR 
assays such as GP5+/GP6+, PGMY09/11, SPF10.

Study design: Case studies, narrative reviews, letters, editorials, and articles 
identified as preliminary reports when results are published later.

Articles published in abstract form only, conference abstracts.

Selection of studies and data extraction 

Only one systematic review published in 2003 was included (Appendix C, 
Table C.1). A total of 17 review studies were excluded (Appendix B, Table B.1).

The second search was limited to randomized controlled trials; it was 
conducted in May 2008 and updated in October 2008. The searches retrieved 
articles published between 2000 and 2008. Four RCTs (10 studies in total) 
were included (Appendix C, Table C.2-3). A total of 29 studies were excluded 
(Appendix B, Table B.2).

Data for the included studies are extracted using a standardized data extraction 
form developed a priori by the reviewers.

Selection of studies and extraction of information from studies was conducted 
by one assessor. A second assessor reviewed the data extraction tables to 
ensure consistency and accuracy of data extracted.

Limitation

This report is not a comprehensive systematic review, in the sense that the 
quality of the included studies was not evaluated using an assessment tool. 
Information on intention-to-treat analysis, method of randomization, method 
of allocation concealment, and details of blinding are briefly presented for each 
RCT included.
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FIGURE 2: SELECTION OF RELEVANT ARTICLES

* Based on selection criteria and Cook et al. definition54 for a systematic review

Search of electronic databases for 
systematic reviews, HTAs, guidelines,

N1 = 302 abstracts

Search of electronic databases for 
randomized controlled trials, 

N2 = 939 abstracts

Studies retrieved,

n1 = 65 possible systematic reviews 
& background docs

Studies retrieved,

n2 = 64 possible RCTs & 
background docs 

Background studies, n1a = 27 Background studies general aspects,

n2a = 25
Guidelines and policy papers,

n1b = 20 Possible RCTs,

n2c = 39

Possible systematic reviews,

n1c = 18 Non-RCTs, 

n2c.non-RCT = 29
Non-systematic reviews*, 

n1c.non-SR = 17 10 RCTs (from four trials: Canada, USA, 
Finland, Italy), 

HPV as a primary screening (7),

HPV as a triaging tool (3)One systematic review* (Australia),

HPV as a primary screening
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APPENDIX B: EXCLUDED STUDIES

TABLE B.1: EXCLUDED STUDIES* (POSSIBLE SYSTEMATIC REVIEWS)

STUDY FOCUS, REASON FOR EXCLUSION

Arbyn et al. Virologic versus cytologic triage of 
women with equivocal Pap smears: a meta-
analysis of the accuracy to detect high-grade 
intraepithelial neoplasia. Journal of the National 
Cancer Institute 2004;96(4):280-93.

Did not provide information about critical appraisal 
of the included studies. Included results from 
studies conducted in various countries, including 
developing countries. Results are not categorized 
by age.

HPV DNA testing used as triage screening.

Arbyn et al. Clinical utility of HPV DNA detection: 
triage of minor cervical lesions, follow-up of 
women treated for high-grade CIN: an update 
of pooled evidence. Gynecologic Oncology 
2005;99(3 Suppl 1):S7-11.

This review is an updated review of Arbyn et al., 
2004. The authors appended new studies on 
HPV DNA testing used as triage, reported since 
the publication of previous review.

Did not provide information about the search 
strategy or about critical appraisal of the included 
studies.

Arbyn M. Chapter 9: Clinical applications of HPV 
testing: a summary of meta-analyses. Vaccine 
2006;4(Suppl 3):S78-S89.

This review updates the previous two publications 
by Arbyn et al., 2004 & 2005, on triaging women 
with HPV DNA test for ASCUS or atypical 
glandular cells of unspecified significance to 
detect CIN2+ confirmed by histology. It also adds 
results on the performance of HPV DNA testing 
(HC-2) used as primary screening. 

Did not provide information on search strategy, 
article selection (origin/countries were studies 
were conducted), or about critical appraisal of the 
included studies.

Cuzick et al. Overview of the European and North 
American studies on HPV testing in primary 
cervical cancer screening. International Journal of 
Cancer 2006;119(5):1095-1101.

Did not provide information on search strategy or 
on critical appraisal of the included studies. 

Included studies conducted in developed 
countries and various populations (mostly, but 
not all, aged 30 to 60 years). Included studies 
reporting on results with HC-2 assay and also 
consensus PCR with the GP5+/6+ primes used 
for primary screening.

Hartmann et al. Screening for cervical cancer. 
2002. Preventive Services Task Force Systematic 
Evidence Review No. 25

HTA report. USA

Systematic review. Included studies that focused 
on populations at high risk.

HPV DNA testing as primary and triage screening 
in cervical cancer screening.

Hulstaert et al. HTA of cervical cancer screening 
and HPV testing. KCE Reports 38. 2006; HTA 
report. Belgium

Not a systematic review.

Did not provide details on the search strategy. Did 
not provide details on the criteria used to select 
publications for inclusion in the report. 

HPV DNA test used as primary screening and 
triage for cervical cancer.
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STUDY FOCUS, REASON FOR EXCLUSION

Institute for Clinical Systems Improvement. HPV 
DNA testing for the screening and monitoring of 
cervical cancer. Bloomington, MN: Institute for 
Clinical Systems Improvement (ICSI):27; 2005.

Not a systematic review. 

Did not provide the search strategy. Did not 
provide details on the criteria used to select 
publications for inclusion in the report. 

HPV DNA testing used as primary screening and 
triage for cervical cancer.

Kirby et al. Human papillomavirus triage 
of patients with atypical squamous cells 
of undetermined significance on cervical 
Papanicolaou smear. Annals of the Academy of 
Medicine, Singapore 2003;32(5):590-95.

Narrative review.

* Based on selection criteria and Cook et al. definition54 for a systematic review.

Kirby. HPV triage of patients with ASCUS 
cervical Pap smears. Sexuality, Reproduction and 
Menopause 2004;2(3):146-53.

Narrative review.

Focused on the same publications as Kirby et al., 
2003.

Koliopoulos et al. Diagnostic accuracy of 
human papillomavirus testing in primary cervical 
screening: a systematic review and meta-
analysis of non-randomized studies. Gynecologic 
Oncology 2007;104(1):232-46.

Did not provide information about critical 
appraisal of the included studies. Included various 
populations and combined results for tests that 
used HC-2 and PCR assays. 

HPV DNA testing used as primary screening.

Krahn et al. Liquid-Based Techniques for Cervical 
Cancer Screening: Systematic Review and 
Cost-Effectiveness. 2008; HTA Report (CADTH). 
Canada.

Systematic review. Included studies conducted in 
developing countries. Results are not categorized 
by age. 

HPV DNA test used for triaging women with ASC 
or LSIL.

L’agence nationale d’accreditation d’evaluation 
en sante (anaes). Assessment of human 
papillomavirus (hpv) testing in primary screening 
for cervical cancer in France. Paris: l’agence 
nationale d’accreditation d’evaluation en sante 
(anaes):99, 2004.

Report published in french. 

Only abstract available in english language.

Lorincz and richart. Human papillomavirus dna 
testing as an adjunct to cytology in cervical 
screening programs. Archives of Pathology & 
Laboratory Medicine 2003;127(8):959-68.

Not a systematic review.

Clinical question not clearly specified. Did not 
provide any information on search strategy or on 
whether  a critical appraisal of included studies 
was conducted. Included studies conducted in 
both developed and developing countries. 

Hpv dna testing with either the hc-2 or a pcr test 
for primary screening.

TABLE B.1: EXCLUDED STUDIES* (POSSIBLE SYSTEMATIC REVIEWS) (CONTINUED)
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STUDY FOCUS, REASON FOR EXCLUSION

Lorincz. Screening for cervical cancer: new 
alternatives and research. Salud Publica de 
Mexico 2003;45(suppl 3):s376-s387.

Not a systematic review. 

Clinical question not clearly specified. Did not 
provide any information on search strategy or on 
whether a critical appraisal of included studies 
was conducted. 

Hpv dna screening used as primary screening and 
triage for cervical cancer.

Medical services advisory committee. Human 
papillomavirus testing in women with cytological 
prediction of low-grade abnormality. MSAC 
reference 12b; 2002. HTA report. Australia

Systematic review. Included studies conducted 
in developing countries and results are not 
categorized by age. 

Hpv dna test used for triaging women with initial 
screening pap smear report of low-grade epithelial 
abnormalities, including non-specific minor cell 
changes, hpv associated cell changes, possible 
cin 1, and mild dysplasia.

Noorani et al. Liquid-based cytology and 
human papillomavirus testing in cervical cancer 
screening. 2003; HTA report 
(ccohta/cadth)Canada.

Systematic review. Included studies conducted in 
developing countries.

Hpv dna test used as primary screening and for 
triaging women with asc or lsil.

Sankaranarayanan et al. A critical assessment 
of screening methods for cervical neoplasia. 
International Journal of Gynecology & Obstetrics 
2005;89:s4-s12.

Narrative review.

TABLE B.2: EXCLUDED PRIMARY RESEARCH STUDIES (POSSIBLE RCTS) 

STUDY FOCUS; REASON FOR EXCLUSION

ALTS group. Human papillomavirus testing 
for triage of women with cytologic evidence 
of low-grade squamous intraepithelial lesions: 
baseline data from a randomized trial. The Atypical 
Squamous Cells of Undetermined Significance/
Low-Grade Squamous Intraepithelial Lesions 
Triage Study (ALTS) Group. Journal of the 
National Cancer Institute 2000;92(5):397-402.

ALTS RCT, triage screening.

Did not provide enough information to allow 
determination of the accuracy of HPV DNA test 
for detection of LSIL in women younger and older 
than 30 years of age.

Andersson et al. A comparison of the human 
papillomavirus test and Papanicolaou smear as a 
second screening method for women with minor 
cytological abnormalities. Acta Obstetricia et 
Gynecologica Scandinavica 
2005;84(10):996-1000.

Not a RCT.

Anttila et al. Alternative technologies in cervical 
cancer screening: a randomised evaluation trial. 
BMC Public Health 2006;6:252.

Introduction to a randomized screening design.

TABLE B.1: EXCLUDED STUDIES* (POSSIBLE SYSTEMATIC REVIEWS) (CONTINUED)
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STUDY FOCUS; REASON FOR EXCLUSION

ASCUS-LSIL Traige Study (ALTS) Group. Results 
of a randomized trial on the management of 
cytology interpretations of atypical squamous cells 
of undetermined significance. American Journal of 
Obstetrics & Gynecology 2003;188(6):1383-92.

ALTS RCT, triage screening.

Did not categorize results by age. Presented 
cumulative histologic diagnoses of CIN2 and 
CIN3.

ASCUS-LSIL Traige Study (ALTS) Group. A 
randomized trial on the management of low-
grade squamous intraepithelial lesion cytology 
interpretations. American Journal of Obstetrics & 
Gynecology 2003;188(6):1393-1400.

ALTS RCT, triage screening.

Did not categorize results by age. Presented 
cumulative histologic diagnoses of CIN2 and 
CIN3.

Bigras and Marval. The probability for a Pap test 
to be abnormal is directly proportional to HPV 
viral load: results from a Swiss study comparing 
HPV testing and liquid-based cytology to detect 
cervical cancer precursors in 13,842 women. 
British Journal of Cancer 2005;93(5):575-81.

Not a RCT.

Bjerre P et al. A randomized trial of basing 
treatment on human papillomavirus and/or 
cytology results in low-grade cervical lesion triage. 
American Journal of Obstetrics & Gynecology 
199 (1):24-27, 2008.

RCT, triage screening. 

Included women with ASCUS and LSIL triaged 
with HC2 HPV DNA test and Pap test. Results 
are not presented separately for ASCUS and 
LSIL group.

Bulk et al. Risk of high-grade cervical intra-
epithelial neoplasia based on cytology and 
high-risk HPV testing at baseline and at 6-months. 
International Journal of Cancer 2007;121(2):361-
67.

RCT, primary screening.

Used the PCR (GP5+/GP6+) HPV DNA test.

Bulkmans et al. POBASCAM, a population-based 
randomized controlled trial for implementation 
of high-risk HPV testing in cervical screening: 
design, methods and baseline data of 44,102 
women. International Journal of Cancer 
2004;110(1):94-101.

RCT, primary screening. 

Used the PCR (GP5+/GP6+) HPV DNA test.

Bulkmans et al. Human papillomavirus DNA 
testing for the detection of cervical intraepithelial 
neoplasia grade 3 and cancer: 5-year follow-up 
of a randomised controlled implementation trial. 
Lancet 2007;370(9601):1764-72.

RCT, primary screening.

Used the PCR (GP5+/GP6+) HPV DNA test.

Cotton et al. Trial of management of borderline 
and other low-grade abnormal smears 
(TOMBOLA): trial design. Contemporary Clinical 
Trials 2006;27(5):449-71.

Information on the design of the pragmatic RCTs 
that focus on surveillance.

Used the PCR (GP5+/GP6+) HPV DNA test.

Cuzick et al. Management of women who 
test positive for high-risk types of human 
papillomavirus: the HART study. Lancet 
2003;362(9399):1871-76.

RCT. All women received cytology and HPV 
test (primary screening without randomization). 
Women with borderline cytology and HPV-positive 
women were randomly assigned to immediate 
colposcopy or to surveillance by repeat HPV 
testing, cytology, and colposcopy at 12 months 
(RCTs of different modes of follow-up).

TABLE B.2: EXCLUDED PRIMARY RESEARCH STUDIES (POSSIBLE RCTS) 
(CONTINUED)
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STUDY FOCUS; REASON FOR EXCLUSION

Elfgren et al. Colposcopic and histopathologic 
evaluation of women participating in population-
based screening for human papillomavirus 
deoxyribonucleic acid persistence. American 
Journal of Obstetrics & Gynecology 2005;193(3 
Pt 1):650-57.

RCT, primary screening. 

Used the PCR (GP5+/GP6+) HPV DNA test.

Giorgi-Rossi et al. The impact of new 
technologies in cervical cancer screening: 
results of the recruitment phase of a large 
randomized controlled trial from a public health 
perspective. International Journal of Cancer 
2007;121(12):2729-34.

This study summarizes cross-sectional results 
from the NTCC Italian RCT by Ronco et al.

Results are not provided by age groups.

Howard. Optimizing the hybrid capture II human 
papillomavirus test to detect cervical intraepithelial 
neoplasia. Obstetrics and Gynecology 
2002;100(5):972-80.

Not an RCT.

Kitchener et al. HPV testing in routine cervical 
screening: cross sectional data from the 
ARTISTIC trial. British Journal of Cancer 
2006;95(1):56-61.

Cross-sectional study from the recruitment phase 
of a prospective RCT. No histology data are yet 
available for the women with an abnormal smear 
at primary screening, to allow calculation of 
screening performance.

Kulasingam et al. Evaluation of human 
papillomavirus testing in primary screening for 
cervical abnormalities: comparison of sensitivity, 
specificity, and frequency of referral. JAMA 
2002;288(14):1749-57.

Not an RCT.

Lonky et al. Triage of atypical squamous cells of 
undetermined significance with hybrid capture II: 
colposcopy and histologic human papillomavirus 
correlation. Obstetrics and Gynecology 
2003;101(3):481-89.

Not an RCT.

Lytwyn et al. Comparison of human papillomavirus 
DNA testing and repeat Papanicolaou test 
in women with low-grade cervical cytologic 
abnormalities: a randomized trial. HPV 
Effectiveness in Lowgrade Paps (HELP) Study 
No. 1 Group. CMAJ 2000;163(6):701-7.

RCT conducted in Ontario, Canada. Results are 
not categorized by age. Information from the study 
will be included in the background section  
of the report.

HPV DNA testing used to triage women aged 16 
to 50 years with ASCUS or LSIL.

Monsonego et al. J. M. Bohbot, G. Pollini, C. 
Krawec, C. Vincent, I. Merignargues, F. Haroun, P. 
Sednaoui, L. Monfort, R. Dachez, and K. Syrjanen. 
Performance of the Roche AMPLICOR human 
papillomavirus (HPV) test in prediction of cervical 
intraepithelial neoplasia (CIN) in women with 
abnormal PAP smear. Gynecologic Oncology 
2005;99(1):160-68.

Not an RCT.

TABLE B.2: EXCLUDED PRIMARY RESEARCH STUDIES (POSSIBLE RCTS) 
(CONTINUED)
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STUDY FOCUS; REASON FOR EXCLUSION

Naucler et al. Human papillomavirus and 
Papanicolaou tests to screen for cervical 
cancer. New England Journal of Medicine 
2007;357(16):1589-97.

RCT, primary screening.

Used the PCR (GP5+/GP6+) HPV DNA test.

Nieminen et al. Comparison of HPV test 
versus conventional and automation-assisted 
Pap screening as potential screening tools 
for preventing cervical cancer. BJOG: An 
International Journal of Obstetrics & Gynaecology 
2004;111(8):842-48.

Cross-sectional pilot study, to evaluate role of new 
technologies in primary cervical cancer screening 
program in Finland.

Ratnam et al. Human papillomavirus testing for 
primary screening of cervical cancer precursors. 
Cancer Epidemiology, Biomarkers & Prevention 
2000;9(9):945-51.

Not an RCT.

Ronco et al. The New Technologies for Cervical 
Cancer Screening randomized controlled trial. 
An overview of results during the first phase of 
recruitment. Gynecologic Oncology 2007;107(1 
Suppl 1):S230-S232.

Presents an overview of the NTCC Italian RCT by 
Ronco et al.

Schiffman and Solomon. Findings to date 
from the ASCUS-LSIL Triage Study (ALTS). 
Archives of Pathology & Laboratory Medicine 
2003;127(8):946-49.

ALTS RCT, triage screening.

Presents a synthesis of results obtained by ALTS, 
previously published.

Sherman et al. Cervical cytology of atypical 
squamous cells-cannot exclude high-grade 
squamous intraepithelial lesion (ASC-H): 
characteristics and histologic outcomes. Cancer 
2006;108(5):298-305.

ALTS RCT, triage screening.

Analyzed prospective data collected over a 2-year 
period. Data were limited to subjects in the HPV 
arm and immediate colposcopy arm. Presents 
cytology results stratified by age and association 
with positive HPV test results for the HPV arm.

Sherman at al. Qualification of ASCUS. A 
comparison of equivocal LSIL and equivocal 
HSIL cervical cytology in the ASCUS LSIL Triage 
Study. American Journal of Clinical Pathology 
2001;116(3):386-94.

ALTS RCT, triage screening.

Did not categorize results by age or by study’s 
arms.

Solomon et al. Comparison of three management 
strategies for patients with atypical squamous 
cells of undetermined significance: baseline 
results from a randomized trial. Journal of the 
National Cancer Institute 2001;93(4):293-99.

ALTS RCT, triage screening.

Did not categorize results by age.

Zuna et al. Comparison of human papillomavirus 
distribution in cytologic subgroups of low-
grade squamous intraepithelial lesion. Cancer 
2006;108(5):288-97.

ALTS RCT, triage screening.

Did not categorize results by age. Did not provide 
information on the accuracy of HPV DNA test.

TABLE B.2: EXCLUDED PRIMARY RESEARCH STUDIES (POSSIBLE RCTS) 
(CONTINUED)
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APPENDIX C: RESULTS OF HPV DNA TESTING FOR 
PRIMARY SCREENING—SYSTEMATIC REVIEWS

TABLE C.1: HPV DNA TESTING FOR PRIMARY SCREENING—SYSTEMATIC REVIEWS

SYSTEMATIC REVIEW COUNTRY, 
FOCUS OF THE HPV DNA TEST

OBJECTIVE, INCLUSION AND EXCLUSION 
CRITERIA, AUTHORS’ CONCLUSIONS

Medical Services Advisory Committee7

Human papillomavirus testing for cervical 
screening. 

Health Technology Assessment (HTA) 
report 

Australia, 2003 

Primary screening

Objective

The HTA report examines current evidence for the use of 
HC2 HPV DNA test assay for routine cervical screening 
either as a stand-alone test or in combination with a 
conventional smear.

Inclusion criteria 

• Population characteristics: Women presenting for 
routine cervical screening with either Pap or LBC.

• Study test characteristics: HC2 HPV DNA test.

• Comparison test characteristics: cervical cytology with 
either Pap smear or LBC.

• Reference test characteristics: histological confirmation 
of high-grade lesions (i.e., CIN2+) if no biopsy is taken.

• Outcome characteristics: measures of diagnostic 
accuracy (i.e., sensitivity, specificity, positive 
and negative predictive values, likelihood ratios), 
measurement of psychological outcomes and safety.

• Study design: HTA reports, systematic reviews, meta-
analyses, and RCTs. If these are unavailable, other 
controlled trials and comparative studies. If these are 
also unavailable, cohorts and case series. Publications 
in English language only. Research evidence published 
between January 1998 and October 2002.

Exclusion criteria

• Population characteristics: Pregnant women, self-
collected cervical samples, women in developing 
countries, and women undergoing their first cervical 
screen.

• Study test characteristics: automated or semi-
automated slide reading/analyzing technologies, HC1, 
in situ hybridization, dot blot, Southern blotting, FISH, 
polymerase chain reaction.

Authors included two non-RCT studies in the review.

Conclusion

There is currently insufficient evidence that the HC2 test, 
either as a stand-alone screening test or combined with 
screening by cytology (Pap or LBC), adds advantages to 
screening by cytology alone.

CIN = cervical intraepithelial neoplasia; DNA = deoxyribonucleic acid; HC = hybrid capture; HPV = 
human papillomavirus; FISH = Fluorescence in situ hybridization; LBC = liquid based cytology; RCT = 
randomized controlled trial
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TABLE C.2: RCTS ON HPV DNA TESTING USED AS PRIMARY SCREENING

RCT DESIGN, METHODS, AND CHARACTERISTICS

Mayrand et al. Canadian 
cervical cancer screening trial 
(CCCaST)

35,55

Country: Canada, 200655, 
200735

Setting: 30 medical practices 
from Montreal and surrounding 
municipalities, and St. John’s

Objective: To examine the 
performance of HPV DNA testing 
relative to Pap cytology in primary 
cervical cancer screening (in a 
community setting). To compare 
the ability of these tests to 
identify cervical cancers and their 
high-grade precancerous lesions.

Recruitment: September 2002 
and February 2005

Duration of the trial: 18 
months

Eligibility criteria:

• women 30 to 69 years of age 
who presented for routine 
screening

• women were excluded if they 
had been followed up for 
a cervical lesion, lacked a 
cervix, were pregnant, had a 
history of cervical cancer, had 
had a Pap test in the previous 
year, were unable to provide 

consent

Funding and competing interest:

Funded by a Canadian Institutes 
of Health Research grant and 
partially by a grant from Merck 
Frosst Canada. Several authors 
were consultants for and 
reported receiving lecture fees 
from various manufacturers

Prospective blinded RCT. 

Intention-to-treat analysis: not clear

Method of randomization: Computer-generated block randomization; opaque and 
sealed envelopes.

Method of allocation concealment: Allocation was done by physicians after eligible 
women agreed to participate.

Details of blinding: Women blinded to arm allocation; cytotechnologists 
and cytopathologists were not aware of inclusion of women into the study; 
colposcopists and pathologists were blinded to initial screening test result.

Sample size 

Women assessed for eligibility, N=14,953

Women randomly assigned to screening, N0=10,154

HPV test arm† N01 = 5095 women assigned (N1 = 4957 received the assigned 
intervention, n1 = 138 did not receive the assigned intervention [n11 = 112, wrong 
test ordered; n12 = 13, Pap test only; n13 = 12, HPV test only; n14 = 1, no test])

Pap test arm† N02 = 5059 women assigned (N2 = 5020 received the assigned 
intervention, n2 = 39 did not receive the assigned intervention [n21 = 13, wrong 
test ordered; n22 = 19, Pap test only; n23 = 6, HPV test only; n24 = 1, no test])

Age, median: St. John’s, 42 years; Montreal, 44 years; p<0.0001; age by study’s 
arms not stated.

In the “focus on Pap” group the women received a Pap test first and in the “focus 
on HPV” test they received an HPV test. The tests were performed sequentially at 
the same visit.

HPV test: HC2 test Probe B (Digene, Gaithersburg, MD); positive HPV tests are 
defined as at least 1 pg of HPV DNA per mL.

Conventional Pap test: Details not stated. Conventional Pap test results were 
reported or reclassified according to 2001 Bethesda System terminology.

Reference standard: colposcopically directed biopsy

Outcomes: CIN2, CIN3, and cervical cancer

Colposcopy:

• Exocervical biopsies of all abnormal-appearing cervical regions

• At least one exocervical biopsy of normal appearing cervixes

• Endocervical curettage

Referral for colposcopy:

• HPV test arm: positive results

• Pap test arm: ASC-US, ASC-H, AGC, LSIL, HSIL, AIS or cancer

• Negative results: An additional clinic-stratified, randomly selected 10% of 
women in St. John’s and 20% of women in Montreal. 

• Follow-up colposcopy after 6 months using the same protocol.

Collection of the study specimens:

• HPV test arm: Digene cervical sampler kit

• Conventional Pap test: Details not stated. 

Operator: Physicians from medical practices active in cervical cancer screening 
(university-affiliated physicians, private practice physicians, physicians from family 
medicine and gynecology practices of different sizes that focus on primary care). 
Cytotechnologists and cytopathologists evaluated the Pap smears at each hospital 
where the colposcopy was done. Colposcopists and pathologists evaluated the 
biopsy specimens.

† Comparable distributions across study arms, the only differences were between study centres for the 
following: ethnicity, age, marital status, smoking, contraceptive methods used.  
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Twenty-six percent of participants reported that they had an abnormal Pap test at least once in the past.

AGC = atypical glandular cells; AIS = adenocarcinoma in situ; ASC-H = atypical squamous cells-
cannot exclude HSIL; ASC-US = atypical squamous cells of undetermined significance; CIN = 
cervical intraepithelial neoplasia; DNA = deoxyribonucleic acid; HC = Hybrid Capture; HPV = human 
papillomavirus; HSIL = high-grade squamous intraepithelial lesion; LSIL = low-grade squamous 
intraepithelial lesion; N, n = number; RCT = randomized controlled trial.

TABLE C.2: RCTS ON HPV DNA TESTING USED AS PRIMARY SCREENING (CONTINUED)

RCT DESIGN, METHODS, AND CHARACTERISTICS

Kotaniemi-Talonen et al.61

Country: Finland, 2008

Setting: 7 + 2 municipalities

Objective: To determine cross-
sectional validity of primary HPV 
screening in comparison with 
cytological screening

Recruitment: 2003 and 2004

Duration of the trial: 5 years

Eligibility criteria: Routine 
screening population women 
30 to 60 years of age. In one 
municipality women 25 to 65 
years of age were included.

exclusion criteria: Not stated

Funding and competing 
interest: European Union Grant 
Action Program; Europe Against 
Cancer Academy of Finland; 
Finnish Cancer Organizations. 
Digene Corporation provided 
the HPV DNA tests at a reduced 
price.

Competing interest: only one 
author

Notes:

This study includes women 
from the Kotaniemi-Talonen et 
al. study

60

Calculations of cross-sectional 
sensitivity are not provided

Prospective randomized evaluation trial.

Intention-to-treat analysis: no

Method of randomization: not stated

Method of allocation concealment: not stated

Details of blinding: Women not blinded; women not willing to have an HPV test 
were screened with conventional method; HPV test results were not blinded from 
laboratory and hospital personnel; colposcopists and pathologists involved with 
histological confirmation procedures were aware of the screening test results.

Sample size:

Eligible women: N = 61,149

HPV arm: N1 = 30,564 women allocated to HPV testing (n1 = 10,499 did not 
participate)

N1a = 18,417 women screened with HPV test

N1b = 1,648 women screened with Pap test

Conventional arm: N2 = 30,585 women allocated to conventional arm (n2 = 
10,766 did not participate)

N2a = 19,798 women screened with Pap test

N2b = 21 women screened with HPV test

Age: not stated

In the conventional arm, procedures were not altered from the previous routine. In 
the HPV arm two separate samples were taken for each participant—an HPV test 
sample for primary screening test and a cytological VCE smear sample for the 
cytological triage test.

HPV arm: HPV DNA test Probe B (HC2 by Digene Corporation, MD, USA). 
Positive HPV tests are defined as 1 pg of HPV DNA per mL.

Conventional arm: conventional cytological testing (Pap test), two laboratories 
involved. Cytology was classified according to modified Papanicolaou 
classification*. For quality control purposes a proportion (up to 10%) of 
cytologically normal smears were re-read within each laboratory.

Reference standard: colposcopically directed biopsy

Outcomes: CIN1, CIN2, CIN3, and cervical cancer

Colposcopy: Conducted in local hospitals, details not stated.

Referral for colposcopy:

• HPV test arm: positive HPV women who also have cytological changes class 
III-V* suggestive of dysplasia or cancer

• Conventional arm: women with cytology equal to LSIL or worse 
(Papanicolaou class III-V* and a small proportion of class II*)

• Negative results: not verified

Collection of the study specimens:

VCE samples collected with wooden or plastic Ayre’s spatulas and the 
endocervical sample with the special cone-shaped cervical sampler brush of the 
HC2 test kit. After the VCE smear was prepared, the tip of the cervical sampler 
brush was placed into HC2 transport medium tube.

Operator:

HPV DNA test: Personnel training was done according to the manufacturer’s 
recommendation. No details stated. 

Conventional cytology: No details stated.

*Class I: normal; Class II: borderline changes, British terminology (reactive and ASC-US in TBS 2001); 
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Class III-IV: mild, moderate, severe dyskaryosis and carcinoma cells, British terminology (ASC-H, LSIL, 
HSIL in TBS 2001); Class V: malignant.

ASC-H = atypical squamous cells-cannot exclude HSIL; ASC-US = atypical squamous cells of 
undetermined significance; CIN = cervical intraepithelial neoplasia; DNA = deoxyribonucleic acid; HC = 
Hybrid Capture; HPV = human papillomavirus; HSIL = high-grade squamous intraepithelial lesion; LSIL 
= low-grade squamous intraepithelial lesion; N, n = number; TBS = the Bethesda system; VCE = vaginal, 
cervical, and endocervical.

TABLE C.2: RCTS ON HPV DNA TESTING USED AS PRIMARY SCREENING (CONTINUED)

RCT DESIGN, METHODS, AND CHARACTERISTICS

Ronco et al.56,57,59

New Technologies for Cervical 
Cancer Screening (NTCC), two 
phases 

Country: Italy, 2006

Setting: nine organized 
screening programs in Italy

First Phase:56,57

Objective: To evaluate the 
impact of introducing HPV 
testing in routine screening 
practice.

Recruitment: varied by regions, 
February 2002 and June 2003

Eligibility criteria:

• women aged 25 to 60 years 
who were attending a new 
routine cervical screening 
episode

• excluded were pregnant 
women, and women who had 
had a hysterectomy or were 
treated for CIN within the last 
5 years

Duration of the trial: 
24 months

Funding and competing 
interest:

Supported by the European 
Union; the Italian Ministry 
of Health; a special 
project,“Oncology”; and the 
participating Italian regions

Competing interest: not stated

Prospective RCT.

Intention-to-treat analysis: no

Method of randomization: Used computer (in two centres) and sealed numbered 
envelopes containing the random allocation (in seven centres).

Method of allocation concealment: not stated

Details of blinding: Women not blinded to arm allocation; both conventional 
cytology and LBC were performed without knowledge of the HPV results; HPV 
testing done blind to cytology results; histology specimens reviewed blindly 
and independently by one or two pathologists; colposcopists had access to 
participants’ notes, both for cytology and for HPV testing.

First Phase

Sample size:

Eligible women N = 45,174

Women randomized to experimental arm: N01 = 22,708

Women randomized to conventional arm N02 = 22,466

Experimental arm (HPV DNA testing and LBC testing):

Age 25 to 34 years: N01a = 6,002 women. Baseline testing complete: n01a1 = 
5860; n01a2 = 142 women excluded from analyses due to absence of test or no 
valid test

Age 35 to 60 years: N01b= 16,706 women. Baseline testing complete: n01b1 = 
16255; n01b2 = 451 women excluded from analyses due to absence of test or no 
valid test

Conventional arm (conventional cytology testing):

Age 25 to 34 years: N02a = 5,808 women. Baseline testing complete: n02a1 = 
5673; n02a2 = 135 women excluded from analyses due to absence of test or no 
valid test

Age 35 to 60 years: N02b = 16,658 women. Baseline testing complete: n02b1 
= 16383; n02b2 = 275 women excluded from analyses due to absence of test or 
no valid test

Age, median:

Group 25 to 34 years: 30 years in both arms (p = 0.89)

Group 35 to 60 years: 45 years in both arms (p = 0.97)

HPV testing: (seven laboratories) HC2 Probe B (Digene Corporation, 
Gaithersburg, MD). Positive HPV tests are defined as 1 pg HPV DNA per mL.

LBC testing: (14 laboratories) ThinPrep system (Cytyc Corporation).

Conventional cytology: Details not stated. Cytology was classified according to 
Bethesda 1991 guidelines. The ASCUS subcategories recommended in the TBS 
1991 were not applied.

Reference standard: colposcopically directed biopsy for suspicious areas 
identified by colposcopy

Outcomes: CIN2, CIN3, and cervical cancer

Colposcopy: No details stated.
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TABLE C.2: RCTS ON HPV DNA TESTING USED AS PRIMARY SCREENING (CONTINUED)

RCT DESIGN, METHODS, AND CHARACTERISTICS

Second Phase:59

Objective: to compare 
performance of conventional 
cytology screening with HPV

Recruitment: varied by regions, 
June 2003 and December 2004

Eligibility criteria: See First 
Phase

Duration of the trial: See First 
Phase

Funding and competing 
interest: See First Phase

Referral for colposcopy: 

• Experimental arm (HPV DNA and LBC): Women 25 to 34 years of age if 
HPV-positive in the absence of cytologic abnormalities were advised to repeat 
cytology and HPV testing after 1 year. Women aged 35 years and older were 
referred directly to colposcopy if they were HPV-positive, independent of 
cytology or if cytology indicated ASCUS or higher.

• Conventional arm: Women were always referred to colposcopy if cytology 
was LSIL or higher. Women with ASCUS cytology were either directly referred 
to colposcopy in seven centres (72%) or to repeat screening in two centres 
(28%) and were referred to colposcopy if repeat cytology results were LSIL or 
higher.

• Negative results: not verified

Collection of the study specimens

• HPV test: PreservCyt solution (ThinPrep; Cytyc Corporation, Boxborough, MA) 
used to prepare sample that was processed with the Sample Conversion Kit 
(Digene).

• Cytology (LBC and conventional cytology): For cervical cell samples, used 
plastic Ayre’s spatula and cytobrush; PreservCyt solution (ThinPrep; Cytyc 
Corporation, Boxborough, MA) was used for LBC preparation.

Operator

LBC: The same cytologists were assigned to LBC and conventional cytology. A 
local supervisor reviewed abnormal slides. Cytologists from all 14 laboratories 
attended a training course provided by the manufacturer before the start of the 
study.

HC2: Technicians in all centres attended a training course provided by Digene.

Same colposcopists who had access to the participants’ cytology and HPV 
status were used in the experimental and conventional arms of the study. The 
colposcopists had access to patients’ notes, both for cytology and for HPV testing.

For most women who were diagnosed with CIN2 or CIN3 and for 12% of those 
with CIN1, two pathologists randomly selected from a pool of nine independently 
reviewed the specimens. Consensus discussions, if necessary, included all nine 
pathologists.

Second Phase

Sample size

Eligible women N= 49,196 women

Women randomized to experimental arm: N01 = 24,661

Women randomized to conventional arm: N02 = 24,535

Experimental arm (HPV testing)

Age 25 to 34 years: N01a = 6937 women

Age 35 to 60 years: N01b = 17,724 women

Baseline testing complete: n01(a+b)1 = 24,638 women; incomplete (no test): 
n01(a+b)2 = 23 women

Conventional arm (conventional cytology) 

Age 25 to 34 years: N02a = 6788 women

Age 35 to 60 years: N02b = 17,747 women

Baseline testing complete: n02(a+b)1 = 24,093 women; incomplete (no test or no 
valid test): n02(a+b)2 = 442 women

Age, median: not stated

HPV testing: see First Phase

Conventional cytology: see First Phase

Reference standard: see First Phase

Outcomes: see First Phase

Colposcopy: see First Phase

IHE_HPV-V4.indd   124 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta 125

TABLE C.2: RCTS ON HPV DNA TESTING USED AS PRIMARY SCREENING (CONTINUED)

RCT DESIGN, METHODS, AND CHARACTERISTICS

Referral for colposcopy: 

• Experimental arm (HPV DNA test): Women were immediately referred for 
colposcopy if the HPV test was positive.

• Conventional arm: see First phase

• Negative results: not verified

Collection of the study specimens: see First Phase

Operator: Conventional cytology was interpreted by cytoscreeners participants in 
regular screening programs. Abnormal slides were reviewed by a local supervisor 
or a panel of cytologists. Histological preparations were read first by local 
pathologists. In case of disagreement for CIN2+, the slides were discussed by all 
nine pathologists for consensus. Only the consensus histological diagnosis was 
used in the analysis.

ASCUS = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial neoplasia; 
DNA = deoxyribonucleic acid; HC = Hybrid Capture; HPV = human papillomavirus; LBC = liquid-based 
cervical cytology; LSIL = low-grade squamous intraepithelial lesion; N, n = number;  
TBS = the Bethesda system.
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TABLE C.3: RCTS ON HPV DNA TESTING USED AS TRIAGE TOOL

RCT DESIGN, METHODS, AND CHARACTERISTICS

Schiffman et al.62

The ASCUS-LSIL triage study 
(ALTS)

Country: USA, 2000

Setting: Four clinical centres 
(Birmingham, Oklahoma, 
Pittsburgh, Seattle)

Objective: Evaluate three 
strategies for the triage of 
ASCUS and LSIL cervical 
cytologic abnormalities

Recruitment: November 1996 
and December 1998

Duration of the trial: 
24 months

Eligibility criteria:

• cytologic diagnosis of 
ASCUS or LSIL within six 
months of enrollment (referral 
Pap smear)

• 18 years of age or older

• no prior hysterectomy

• no known history of ablative 
or excisional therapy to the 
cervix

• woman not pregnant

• women able to provide 
informed consent and likely to 
participate for the full duration 

of the trial

Funding and competing 
interest

Funding National Cancer 
Institute; National Institutes of 
Health; Department of Health 
and Human Services. Equipment 
or suppliers were donated or 
provided at reduced cost by 
Digene Corporation, Cytic 
Corporation, National Testing 
Laboratories, Denvu, and TriPath 
Imaging Inc.

Competing interest: not stated

Prospective randomized clinical trial.

Intention-to-treat analysis: no

Method of randomization: used computer system

Method of allocation concealment: yes

Details of blinding: All trial participants were masked during the study period with 
the exception of the colposcopy exit visit.

Sample size: 

Participants N = 5060 women randomized to one of the three study arms.

 ASCUS* LSIL*

Randomized eligible N1 = 3488 N2 = 1572

Immediate colposcopy† n1a = 1163 n2a = 673

Conservative management (LBC)† n1b = 1164 n2b = 675

HPV triage† n1c = 1161 n2c = 224

Age: Not stated by study arms and alternative methods of triaging.

Women underwent an examination at enrolment (pelvic examination, collection of 
cell specimens, cervical photographs) and are followed every 6 months for 2 years 
(examination and collection of cervical specimens).

HPV DNA testing: HC2, Probe B Digene Corporation, Gaithersburg, Maryland, 
USA. Positive HPV tests are defined as at least 1 pg of HPV DNA per mL. HPV 
quality control group monitors the quality of HPV testing.

LBC: ThinPrepTM, Cytyc Corporation, Boxborough, Massachusetts, USA. 
Cytologic interpretation was conducted using TBS 1991.

Reference standard: colposcopically directed biopsy

Outcomes: CIN2, CIN3, and cervical cancer (main end point is the timely 
detection of all cases of CIN3 or carcinoma)

Colposcopy: All women are scheduled for colposcopic examination at the exit 
visit at 24 months. Biopsy specimens are taken of any colposcopically suspected 
squamous intraepithelian lesions.

Referral for colposcopy:

• Immediate colposcopy: 100% participants, ideally within 3 weeks of 
enrolment

• Conservative management (LBC): referral for any cytologic diagnostic of 
HSIL or carcinoma (ASCUS group: 8%; LSIL group: 14%)

• HPV triage: referred if the enrollment HPV DNA test result was positive or 
missing, or if the cytologic diagnosis at enrollment indicated HSIL or carcinoma 

(ASCUS group: 56%; LSIL group: 85%)

Collection of the study specimens: 

First cervical cell specimens were collected using the Papette broom (Wallach 
Surgical, Orange, Connecticut USA) and were placed in a PreservCytTM vial 
(Cytyc) containing methanol-base fixative.

Second samples for HPV DNA test were collected using a DacronTM swab and 
were placed in a vial containing specimen transport medium (STM, Digene).

Operator: Nurse-colposcopist conducted the pelvic examination. Clinician 
completed the examination and collection procedures. The ThinPrep slides were 
screened by a cytotechnologist and evaluated by a cytopathologist according to 
routine practice. All histological slides were examined by a pathology quality control 
(QC) reviewer. A colposcopy QC group monitored clinical centre colposcopy by 
reviewing computerized digital images for carcinoma.

*Participants tended to be slightly older and marginally better educated and were slightly more 
likely to be white or Asian as compared with non-participants. † No statistically significant difference 
appeared between the participants in the three trial arms with regards to demographic and behavioural 
characteristics. Participants from the different centres differ in most respects (mean age, race, ethnicity, 
behaviours, and prevalence of cervical neoplasia).
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ASCUS = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial neoplasia; 
DNA = deoxyribonucleic acid; HC = Hybrid Capture; HPV = human papillomavirus; LBC = liquid-based 
cervical cytology; LSIL = low-grade squamous intraepithelial lesion; N, n = number; QC = quality control; 
TBS = the Bethesda system.

TABLE C.3: RCTS ON HPV DNA TESTING USED AS TRIAGE TOOL (CONTINUED)

RCT DESIGN, METHODS, AND CHARACTERISTICS

Sherman et al.63

The ASCUS-LSIL triage study 
(ALTS)

Country: USA, 2002

Objective: To determine the 
theoretical performance of repeat 
LBC and HPV DNA testing for 
detecting CIN3 and cancer and 
the percentage of referrals for 
colposcopy stratified by age, 
in a subgroup of women with 
ASCUS and LSIL included in the 
ALTS study

Note: The study used enrollment 
data from ALTS62

The most severe histopathologic 
diagnosis per woman was used 
for the analysis

Sample size 

 ASCUS* LSIL*

Randomized eligible ALTS  N1 = 3488  N2 = 1572

Randomized eligible subgroup included in the present study.  N1 = 2198  N2 = 848

Exclusions and reason: n1 = 153 women missing HPV results; n2 = 18 women 
missing cytopathology results; n3 = 4 women missing both results

Age: Results are presented stratified by age. Number of women in each age group 
not stated.

HPV DNA testing: See Schiffman et al.62 

LBC: See Schiffman et al.62

Reference standard: See Schiffman et al.62

Outcomes: CIN2, CIN3, cancer (only results for CIN3+ are presented in the 
publication)

Colposcopy: see Schiffman et al.62

Referral for colposcopy: see Schiffman et al.62

Collection of the study specimens: see Schiffman et al.62

Operator: see Schiffman et al.62

Ronco et al.58

New Technologies for Cervical 

Cancer Screening (NTCC), two 

phases 

Country: Italy, 2007

Objective: To estimate the effect 

of applying the HC2 HPV DNA 

test for managing women with 

ASCUS and LSIL cytology.

Eligibility criteria:

• women ASCUS/AGUS 
and LSIL

• women who had valid 
HPV tests and had had 
a colposcopy performed 
were included in the 
analyses

Note: The study used data from 

the experimental arm of the 

NTCC RCT56,57

Sample size 

Women randomized to experimental arm: N = 22,708

ASCUS and AGUS cytology results: NTotal ASCUS/AGUS = 815 women of 

whom NASCUS/AGUS=757 women were included

LSIL cytology results: NTotal LSIL= 527 women of whom NLSIL =485 women 

were included

Age: Results are presented stratified by age. Number of women in each age group 

not stated.

HPV DNA testing: see Ronco et al.56,57

LBC: see Ronco et al.56,57 (Note: results from the LBC test are not included.) 

Reference standard: see Ronco et al.56,57

Outcomes: Only results for CIN2+ and CIN3+ are presented in the 
publication.

Colposcopy: see Ronco et al.56,57

Referral for colposcopy: See Ronco et al.56,57

Collection of the study specimens: see Ronco et al.56,57

Operator: see Ronco et al.56,57

ASCUS: atypical squamous cells of undetermined significance; CIN: cervical intraepithelial neoplasia; 
DNA: deoxyribonucleic acid; HPV: human papillomavirus; LBC: liquid-based cervical cytology; LSIL: low-
grade squamous intraepithelial lesion; N: number.
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APPENDIX D: RESULTS HPV DNA TESTING (HC2) 
USED AS PRIMARY SCREENING AND TRIAGE

TABLE D.1-A: PERFORMANCE OF HPV DNA TESTING (HC2) USED AS PRIMARY 
SCREENING—RESULTS FROM THE CCCAST STUDY

CHARACTER-
ISTICS

MAYRAND ET AL.35

WOMEN AGED 30 TO 69 YEARS

HPV test 

n = 4957

(CI, 95%)

Pap smear 
test 

n = 5020

(CI, 95%)

HPV test 

n = 4957

(CI, 95%)

Pap smear 
test 

n = 5020

(CI, 95%)

HPV test 

n = 9977|¶

Pap smear 
test 

n = 9977|¶

Crude estimates*

HPV ≥ 1 pg/mL (HPV test only) or ASCUS+ (cytology test only), CIN2+; conservative definition‡

Se 95% 
(75.1–99.9)

57.1% 
(34.0–78.2)

94.6% 
(84.2–
100.0)

55.4% 
(33.6–77.2)

97.4% 56.4%

Sp 60.9% 
(57.2–64.6)

80.6% 
(77.4–83.6)

94.1% 
(93.4–94.8)

96.8% 
(96.3–97.3)

94.3% 97.3%

PPV 6.6% 
(4.0–10.1)

8.7% 
(4.6–14.7)

6.4% 
(5.0–8.0)

7.1% 
(4.8–10.3)

 7.0% 8.5%

NVP 99.8% 
(98.7–
100.0)

98.3% 
(96.8–99.2)

100.0% 
(98.6–
100.0)

99.8% 
(99.7–99.9)

100.0% 99.8%

Referrals colpo.  6.1% 2.9%

HPV ≥ 2 pg/mL (HPV test only) or LSIL+ (cytology test only), CIN2+; conservative definition‡

Se 81.1% 42.2%

Sp 95.5% 99.1%

PPV  9.1% 17.5%

NVP 99.9% 99.7%

Referrals colpo.  4.8%  1.0%

HPV ≥ 1 pg/mL (HPV test only) or ASCUS+ (cytology test only), CIN2+; liberal definition§

Se 82.8% 
(64.2–94.2)

57.7% 
(36.9–76.6)

45.9% 
(18.9–72.9)

43.4% 
(13.2–73.6)

— —

Sp 61.1% 
(57.4–64.8)

80.9% 
(77.7–83.9)

94.2% 
(93.5–94.9)

96.9% 
(96.4–97.4)

— —

PPV 8.3% 
(5.4–12.1)

10.9% 
(6.2–17.3)

8.0% 
(5.6–11.3)

9.1% 
(4.7–16.7)

— —

NVP 98.8% 
(97.3–99.6)

97.9% 
(96.3–99.0)

99.4% 
(99.1–99.5)

99.6% 
(99.3–99.8)

—

Referrals colpo.
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*Crude estimates: Include only participants who underwent colposcopy; † Corrected estimates: 
estimates corrected for verification bias which consists of verification in a random sample of participants 
with negative screening results; ‡ Conservative definition: cases considered only if confirmed on the 
loop electrosurgical excision procedure (LEEP); § Liberal definition: all cases of CIN2 and CIN3, 
adenocarcinoma in situ, or cervical cancer confirmed by histologic examination of any of the ectocervical 
or endocervical biopsy specimens; |Included women from both arms combined.

ASCUS = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial neoplasia; 
colpo. = colposcopy; DNA = deoxyribonucleic acid; HC = Hybrid Capture; HPV = human papillomavirus; 
LSIL = low-grade squamous intraepithelial lesion; n = number; NPV = negative predictive value; PPV = 
positive predictive value; Se = sensitivity; Sp = specificity

TABLE D.1-B: PERFORMANCE OF HPV DNA TESTING (HC2) USED AS PRIMARY 
SCREENING—RESULTS FROM THE FINNISH STUDIES

CHARACTERIS-
TICS

KOTANIEMI-TALONEN60

WOMEN AGED 30 TO 60 YEARS
KOTANIEMI-TALONEN61

WOMEN AGED 30 TO 60 YEARS§

HPV test * 
n = 4653; (CI, 
95%)

Conventional 
cytology*

n = 4650; (CI, 
95%)

HPV test *

n = 20,065; (CI, 
95%)

Conventional 
cytology*

n = 19,819; (CI, 
95%)

HPV ≥ 1 pg/mL (for HPV test) or Pap cl. III–IV# (for cytology test), CIN1+

Se

Sp 92.1% 

(91.2–92.8) †

99.6%  
(99.4–99.8)

93.1%  
(92.8–93.5)

99.4% 
(99.3–99.5)

PPV 8.0%‡ 44.2% 8.3% 
(7.1–10.0)

39.7% 
(32.8–46.9%)

NVP

Referrals colpo. 1.40%| 0.92% 1.23%¶ 1.00%

HPV ≥ 1 pg/mL (for HPV test) or Pap cl. III–IV# (for cytology test), CIN2+

Se

Sp 91.7%†

(90.9–92.5)
99.3% 
(99.0–99.5)

92.9% 
(92.6–93.3)

99.3% 
(99.1–99.4)

PPV 4.0%‡ 5.4% 
(4.3–6.6)

27.6% 
(21.5–34.4)

NVP

Referrals colpo. 1.30% 0.90% 1.00% 0.88%

HPV ≥ 1 pg/mL (for HPV test) or Pap cl. III–IV# (for cytology test), CIN3+

Se

Sp 91.5% 
(90.7–92.3) †

99.2% 
(98.9–99.4)

92.3% 
(92.3–93.0)

99.1% 
(99.0–99.2)

PPV 1.5%‡ 14.0% 1.5% 
(0.9–2.2)

10.1% 
(6.2–15.1)

NVP

Referrals colpo. 1.30% 0.90% 0.71% 0.70%
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*Only participants with positive results underwent colposcopy and biopsy; † in comparison to Sp of 
the conventional arm with the same histological cut-off, p<0.0001; ‡ in comparison to PPV of the 
conventional arm with the same histological cut-off, p<0.0001; § in one municipality women 25 to 65 
years of age were included; | RR = 1.51 CI, 95% (1.03–2.22); ¶ RR 1.23 CI, 95% (1.02–1.48); # 
equivalent of LSIL or worse

CI = confidence interval; CIN = cervical intraepithelial neoplasia; colpo. = colposcopy; DNA = 
deoxyribonucleic acid; HC = Hybrid Capture; HPV = human papillomavirus; LSIL = low-grade squamous 
intraepithelial lesion; n = number; NPV = negative predictive value; PPV = positive predictive value; Se = 
sensitivity; Sp specificity

TABLE D.1-C: PERFORMANCE OF HPV DNA TESTING (HC2) USED AS PRIMARY 
SCREENING—RESULTS FROM THE ITALIAN STUDIES

CHARAC-
TERISTICS

RONCO ET AL.56

WOMEN ≥ 35 YEARS
RONCO ET AL.57

WOMEN AGED 25 TO 34 YEARS

HPV test *†‡**
n = 16,410 
(CI, 95%) 
(E)

LBC test 
*†§ **
n = 16,516 
(CI, 95%) 
(E)

Conventional 
cytology 
§ 
n = 16,383 
(C)

HPV test 
*†‡**
n = 5925 
(E)

LBC test 
*†§#**
n = 5922 
(E)

Conventional 
cytology 
§#**
n = 5673 
(C)

HPV ≥ 1 pg/mL (HPV test only) or ASCUS+ (cytology test only), CIN2+

Se 97.3% 
(90.7–
99.7)|

74.0% 
(62.4–83.6)

80.7–
97.8%#

81.8% 
(69.1–90.9 
82.1–
100%#

78.2–
100.0%#

Sp 93.2% 
(92.8–93.6)|

94.8% 
(94.5–95.2)

86.5% 91.7% 
(91.0–92.4)

96.0%

PPV 6.6% 
6.2%

6.5% 
6.0%

11.4% 5.5% 9.0% 
8.7%

15.5% 
13.7%

NVP 100% 100% 99.7–
99.9%#

99.8–
100%#

99.8–
100%#

Referrals 
colpo.

HPV ≥ 1 pg/mL (HPV test only) or ASCUS+ (cytology test only), CIN3+

Se 97.4% 
(86.5–
99.9)¶

81.6% 
(67.7–92.3)

56.0–
93.3%#

60.0–
100%#

71.4–
100.0%#

Sp 93.0% 
(92.6–93.4)|

94.7% 
(94.4–95.0)

86% 91.2% 95.8%

PPV 3.5% 
3.2%

3.7% 
3.4%

6.9% 1.7% 2.8% 
2.8%

10.3% 
9.5%

NVP 100% 100% 99.7–
100%#

99.8–
100%#

99.8–
100%#

Referrals 
colpo.

HPV ≥ 2 pg/mL (HPV test only) or ASCUS+ (cytology test only), CIN2+
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CHARAC-
TERISTICS

RONCO ET AL.56

WOMEN ≥ 35 YEARS
RONCO ET AL.57

WOMEN AGED 25 TO 34 YEARS

Se 96.0% 
(88.8–
99.2)|

74.0% 
(62.4–83.6)

80.7–
97.8%#

81.8% 
(69.1–90.9) 
82.1–
100%#

78.2–
100.0%#

Sp 94.9% 
(94.5–95.2)

94.8% 
(94.5–95.2)

86.5% 91.7% 
(91.0–92.4)

96.0%

PPV 8.5% 
7.9%

6.5% 
6.0%

5.5% 9.0% 
8.7%

15.5% 
13.7%

NVP 100% 100% 99.7–
99.9%#

99.8–
100%#

99.8–
100%#

Referrals 
colpo.

HPV ≥ 2 pg/mL (HPV test only) or ASCUS+ (cytology test only), CIN3+

Se 94.9% 
(82.7–99.4)

81.6% 
(67.7–92.3)

56.0–
93.3%#

60.0–
100%#

71.4–
100.0%#

Sp 94.7% 
(94.3–95.0)

94.7% 
(94.4–95.0)

86% 91.2% 95.8%

PPV 4.4% 
4.1%

3.7% 
3.4%

1.7% 2.8% 
2.8%

10.3% 
9.5%

NVP 100% 100% 99.7–
100%#

99.8–
100%#

99.8–
100%#

Referrals 
colpo.

LSIL+ (cytology test only), CIN2+

PPV 12.7% 21.4%

LSIL+ (cytology test only), CIN3+

PPV 7.9% 13.3%

*Only participants with positive results underwent colposcopy; † all cases of CIN2, CIN3, 
adenocarcinoma in situ, or cervical cancer confirmed by histologic examination; ‡ excluded from the 
analysis, invalid HPV tests; §: excluded from the analysis, unsatisfactory cytology results; || p<0.001 
vs. LBC, ASCUS+; ¶ p = 0.034 vs. LBC, ASCUS+; # range values based on sensitivity analysis. The 
number of false negative results varied from 0 to 10, knowing that at the repeat test (after 1 year) an 
additional number of 10 women with high-grade lesions were identified and assuming that those women 
had been misdiagnosed at first screen. Calculations were also conducted for women having ASCUS+ 
results who did not undergo a colposcopy, by proportionally allocating these women to CIN1+ to 
CIN3+ lesions, based on the number of women reported in each of these groups. (See Appendix I.3, 
graphical presentation of the results); ** Italic-bold fonts: values calculated based on data available in the 
publication

ASCUS = atypical squamous cells of undetermined significance; C = conventional arm; CIN = cervical 
intraepithelial neoplasia; colpo. = colposcopy; DNA = deoxyribonucleic acid; E = experimental arm; HC 
= Hybrid Capture; HPV = human papillomavirus; LBC = liquid-based cervical cytology; LSIL = low-grade 
squamous intraepithelial lesion; n = number; NPV = negative predictive value; PPV = positive predictive 
value; Se = sensitivity; Sp = specificity

TABLE D.1-C: PERFORMANCE OF HPV DNA TESTING (HC2) USED AS PRIMARY 
SCREENING—RESULTS FROM THE ITALIAN STUDIES (CONTINUED)
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TABLE D.1-D: RESULTS HPV DNA TESTING (HC2) USED AS PRIMARY SCREENING—
RELATIVE SENSITIVITY AND POSITIVE PREDICTIVE VALUE RESULTS. CI, 95%

HPV ≥ 1 PG/
ML

HPV ≥ 1 PG/
ML

HPV ≥ 2 PG/
ML

HPV ≥ 2 PG/
ML

Se (CI, 95%) PPV (CI, 95%) Se (CI, 95%) PPV (CI, 95%)

Age ≥ 35 years

Ronco et al.56

RT: Pap test 

(First phase)

CIN2+

1.43 (1.00–2.04)

CIN3+

1.22 (0.76–1.96)

CIN2+

0.58 (0.33–0.98)

CIN3+

0.50 (0.32–0.79)

CIN2+

1.41 (0.98–2.01)

CIN3+

1.19 (0.74–1.92)

CIN2+

0.75 (0.45–1.27)

CIN3+

0.63 (0.40–1.00)

Ronco et al.59

RT: Pap test

(Second phase)

CIN2+

1.92 (1.28–2.87)

CIN3+

2.06 (1.16–3.68)

CIN2+

0.80 (0.55–1.18)

CIN3+

0.86 (0.49–1.52)

CIN2+

1.81 (1.20–2.72)

CIN3+

2.06 (1.16–3.68)

CIN2+

0.99 (0.67–1.46)

CIN3+

1.22 (0.64–1.99)

Age 25 to 34 years

Ronco et al.59

RT: Pap test 

(Second phase)

CIN2+

3.50 (2.11–5.82)

CIN3+

2.61 (1.21–5.61)

CIN2+

0.89 (0.55–1.44)

CIN3+

0.66 (0.31–1.40)

CIN2+

3.45 (2.08–5.74)

CIN3+

2.61 (1.21–5.61)

CIN2+

0.99 (0.62–1.62)

CIN3+

0.75 (0.36–1.59)

Note: Included in table are relative values that estimate the advantage of HPV DNA test vs. the reference test. 

The relative sensitivity value estimate the additional fraction of subjects with CIN2+ and CIN3+ lesions that are 
correctly detected by HPV DNA test but missed by the Pap smear test. 

The relative positive predictive value estimates the additional fraction of subjects with an HPV DNA positive test 
result that will actually have an CIN2+ or CIN3+ compared to the Pap smear test.

CI = confidence interval; CIN = cervical intraepithelial neoplasia; DNA = deoxyribonucleic acid; HC = Hybrid 
Capture; HPV = human papillomavirus; PPV = positive predictive value; RT = reference test; Se = sensitivity

TABLE D.2-A: PRIMARY SCREENING. PERFORMANCE TESTS’ RESULTS (ABSOLUTE 
AND RELATIVE RANGE OF VALUES), WOMEN 30 YEARS OF AGE AND OLDER.  
ALL STUDIES

Tests  
Cut-offs

Se 
Range (%, RV)

Sp 
Range (%, RV)

PPV 
Range (%, RV)

NPV 
Range (%, RV)

Referrals 
Range (%, 
RV)

CIN2+

HPV DNA 
1 pg/mL

45.9–97.3 
RVPap ASCUS: 
1.06–1.92 
RVLBC ASCUS:
1.31

60.9–94.2 
RVPap ASCUS:
0.76–0.98 
RVPap LSIL:
0.92–0.94 
RVLBC ASCUS:
0.98

6.4–8.3 
RVPap ASCUS: 
0.58–0.90 
RVPap LSIL: 
0.16–0.20 
RVLBC ASCUS:
1.01

98.8–100.0 
RVPap ASCUS: 
0.99–1.01 
RVLBC 
ASCUS: 
1.0

6.1
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HPV DNA 
2 pg/mL

81.1–96.0 
RVPap ASCUS: 1.41
RVPap LSIL:
1.81–1.92

RVLBC ASCUS: 
1.30

94.9–95.5 
RVPap ASCUS: 1.0

RVPap LSIL: 0.96

RVLBC ASCUS: 1.0

8.5–9.1 
RVPap ASCUS:
0.75–0.99 
RVPap LSIL: 0.52

RVLBC ASCUS: 1.3

99.9–100.0 
RVPap ASCUS: 1.0

RVLBC ASCUS: 1.0

4.8

Pap 
ASCUS

43.4–57.7 80.6–96.9 6.5–11.4 97.9–99.6 2.9

Pap LSIL 42.2 99.1–99.3 17.5–27.6 99.7 0.88–1.0

LBC 
ASCUS

74.0 94.8 6.5 100.0 —

LBC LSIL — — — — —

CIN3+

HPV DNA 
1 pg/mL

97.4 
RVPapASCUS:
1.22–2.06 
RVLBC:
1.19

91.5–93.0 
RVPap ASCUS:
0.98 
RVPap LSIL:
0.92–0.93 
RVLBC ASCUS: 
0.98

1.5–3.5 
RVPap ASCUS:
0.50–0.86 
RVPap LSIL:
0.11–0.15 
RVLBC ASCUS:
0.95

100.0 
RVLBC ASCUS: 1.0

1.3

HPV DNA 
2 pg/mL

94.9 
RVPap ASCUS:
1.19–2.06 
RVLBC ASCUS:
1.16

94.7 
RVPap ASCUS: 1.0
RVLBC ASCUS: 1.0

4.4 
RVPap ASCUS:
0.63–1.22 
RVLBC ASCUS:
1.19

100.0 
RVLBC ASCUS: 1.0

—

Pap 
ASCUS

— — 6.9 — —

Pap LSIL — 99.1–99.2 10.1–14.0 — 0.9

LBC 
ASCUS

81.6 94.7 3.7 100.0 —

LBC LSIL — — 7.9 — —

Note: The relative value (RV) is calculated by dividing the screening parameter value (Se, Sp, PPV, NPV) 
of the intervention test (HPV DNA test) to the value of the comparator test (Pap smear or LBC).

ASCUS = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial neoplasia; 
DNA = deoxyribonucleic acid; LBC = liquid-based cervical cytology; LSIL = low-grade squamous 
intraepithelial lesion; NPP = negative predictive value; PPV = positive predictive value; Se = sensitivity; 
Sp = specificity

TABLE D.2-A: PRIMARY SCREENING. PERFORMANCE TESTS’ RESULTS (ABSOLUTE 
AND RELATIVE RANGE OF VALUES), WOMEN 30 YEARS OF AGE AND OLDER.  
ALL STUDIES (CONTINUED)
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TABLE D.2-B: PRIMARY SCREENING. PERFORMANCE TESTS’ RESULTS  
(ABSOLUTE AND RELATIVE RANGE OF VALUES), WOMEN UNDER THE AGE  
OF 30 YEARS. ALL STUDIES

Tests  
Cut-offs

Se 
Range (%, RV)

Sp 
Range (%, RV)

PPV 
Range (%, RV)

NPV 
Range (%, RV)

Referrals 
Range  
(%, RV)

CIN2+

HPV DNA 
1 pg/mL

80.7–97.8* 
RVPap ASCUS:
1.03*–3.5 
RVLBC ASCUS: 
0.98.

86.5* 
RVPap ASCUS:
0.90* 
RVLBC ASCUS: 
0.94*

5.5* 
RVPap ASCUS: 
0.34*–0.89 
RVLBC ASCUS: 
0.59*

99.7–99.9* 
RVPap ASCUS: 
0.99* 
RVLBC ASCUS: 1.0*

—

HPV DNA 
2 pg/mL

80.7–97.8* 
RVPap ASCUS: 
1.03*–3.45 
RVLBC ASCUS: 
0.98*

88.3* 
RVPap ASCUS: 
0.90* 
RVLBC ASCUS: 
0.91*

5.5* 
RVPap ASCUS: 
0.34*–0.99 
RVLBC 
ASCUS: 0.67*

99.7–99.9* 
RVPap ASCUS: 
0.99* 
RVLBC ASCUS: 1.0*

—

Pap 
ASCUS

78.2–100.0* 96.0* 15.5 (13.7*) 99.8–99.9* —

Pap LSIL — — — — —

LBC 
ASCUS

82.1–100.0* 91.2* 8.7* 98.8–100.0* —

LBC LSIL — — — — —

CIN3+

HPV DNA 
1 pg/mL

56.0–93.3* 
RVPap ASCUS: 
0.78*–2.61 
RVLBC ASCUS: 
0.93*

86.1* 
RVPap ASCUS: 
0.90* 
RVLBC ASCUS: 
0.94*

1.7* 
RVPap ASCUS: 
0.17*–0.66 
RVLBC ASCUS: 
0.57*

99.7–99.9* 
RVPap ASCUS: 
0.99* 
RVLBC ASCUS: 1.0*

—

HPV DNA 
2 pg/mL

56.0–93.3* 
RVPap ASCUS: 
0.78*–2.61 
RVLBC ASCUS: 
0.93*

87.9* 
RVPap ASCUS: 
0.90* 
RVLBC ASCUS: 
0.96*

1.7* 
RVPap ASCUS: 
0.17*–0.75 
RVLBC ASCUS: 
0.64*

99.7–99.9* 
RVPap ASCUS: 
0.99* 
RVLBC ASCUS: 1.0*

—

Pap 
ASCUS

71.4–100.0* 95.8* 10.3 (9.5*) — —

Pap LSIL — — — — —

LBC 
ASCUS

100.0* 91.2* 2.8 99.8–100.0* —

LBC LSIL — — — — —

* Values calculated based on data available in the publication. 

Note: The relative value (RV) is calculated by dividing the screening parameter value (Se, Sp, PPV, NPV) 
of the intervention test (HPV DNA test) to the value of the comparator test (Pap smear or LBC).

ASCUS = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial neoplasia; 
DNA = deoxyribonucleic acid; LBC = liquid-based cervical cytology; LSIL = low-grade squamous 
intraepithelial lesion; NPP = negative predictive value; PPV = positive predictive value; Se = sensitivity; 
Sp = specificity
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TABLE D.3-A: PERFORMANCE OF HPV DNA TESTING (HC2) AND REPEAT LBC 
CYTOLOGY IN COLPOSCOPY TRIAGE OF ASCUS AND LSIL, RESULTS FROM ALTS 
STUDY (NASCUS = 2198, NLSIL = 848)63

Triage strategy

Sensitivity for detection of ≥ CIN3 % 
(95% CI)

Women referred for colposcopy % 
(95% CI)

ASCUS LSIL ASCUS LSIL

AGE 18–22 YEARS (46 CIN3 OR CANCER)

HPV testing: 1.0 
pg/mL

97.8% (93.6–
100.0)

100.0% (100.0–
100.0)

71.0% (67.7–
74.4)

86.7% (83.3–
90.1)

HPV testing: 10.0 
pg/mL

91.3% (83.2–
99.4)

89.2% (79.2–
99.2)

57.3% (53.7–
61.0)

74.9% (70.6–
79.3)

Repeat cytology: 
≥ASCUS

80.4% (69.0–
91.9)

89.2% (79.2–
99.2)

65.6% (62.1–
69.1)

81.2% (77.3–
85.1)

Repeat cytology: 
≥LSIL

60.9% (46.8–
75.0)

64.9% (49.5–
80.2)

33.2% (29.8–
36.7)

57.7% (52.8–
62.7)

AGE 23–28 YEARS (50 CIN3 OR CANCER)

HPV testing: 1.0 
pg/mL

96.0% (90.6–
100.0)

97.6% (93.0–
100.0)

65.2% (61.6–
68.9)

88.0% (84.3–
91.6)

HPV testing: 10.0 
pg/mL

92.0% (84.5–
99.5)

92.9% (85.1–
100.0)

49.9% (46.1–
53.8)

77.6% (72.0–
82.3)

Repeat cytology: 
≥ASCUS

88.0% (79.0–
97.0)

90.5% (81.6–
99.4)

63.9% 60.2–67.5) 80.9% (76.5–
85.4)

Repeat cytology: 
≥LSIL

60.0% (46.4–
73.6)

90.5% (81.6–
99.4)

30.0% (26.5–
33.5)

63.2% (57.7–
68.7)

AGE ≥ 29 YEARS (33 CIN3 OR CANCER)

HPV testing: 1.0 
pg/mL

93.9% (85.8–
100.0)

83.3% (62.2–
100.0)

31.2% (28.0–
34.3)

74.7% (68.1–
91.3)

HPV testing: 10.0 
pg/mL

90.9% (81.1–
100.0)

58.3% (30.4–
86.2)

22.4% (19.6–
25.2)

62.7% (55.3–
70.0)

Repeat cytology: 
≥ASCUS

90.9% (81.1–
100.0)

91.7% (76.0–
100.0)

50.1% (46.7–
53.5)

77.7% (71.4–
84.0)

Repeat cytology: 
≥LSIL

72.7% (57.5–87.9) 83.3% (62.2–
100.0)

17.4% (14.9–
20.0)

49.4% (41.8–
57.0)

ALTS = The ASCUS-LSIL triage study (USA); ASCUS = atypical squamous cells of undetermined 
significance; CI = confidence interval; CIN = cervical intraepithelial neoplasia; DNA = deoxyribonucleic 
acid; HC = Hybrid Capture; HPV = human papillomavirus; LSIL = low-grade squamous intraepithelial 
lesion; N = number
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TABLE D.3-B: PERFORMANCE (SENSITIVITY AND SPECIFICITY) OF HPV DNA 
TESTING IN COLPOSCOPY TRIAGE OF ASCUS/AGUS AND LSIL, RESULTS FROM 
THE NTCC STUDY (NASCUS = 757, NLSIL = 485)58

Triage strategy

Sensitivity for detection of ≥ CIN2 % 
(95% CI)

Sensitivity for detection of ≥ CIN3 % 
(95% CI)

ASCUS/AGUS LSIL ASCUS/AGUS LSIL

AGE 25-34 YEARS (34 CIN2+; 9 CIN3+ OR CANCER)

HPV testing: 1.0 
pg/mL

92.0 % (62.0–
100.0)

100.0% 
(85.0–100.0)

86.0% (42.0–
100.0)

100.0% 
(16.0–100.0)

HPV testing: 2.0 
pg/mL

92.0% (62.0–
100.0)

100.0% 
(85.0–100.0)

86.0% (42.0–
100.0)

100.0% 
(16.0–100.0)

HPV testing: 4.0 
pg/mL

83.0% (52.0–
98.0)

100.0% 
(85.0–100.0)

86.0% (42.0–
100.0)

100.0% 
(16.0–100.0)

HPV testing: 10.0 
pg/mL

83.0% (52.0–
98.0)

91.0% (71.0–
99.0)

86.0% (42.0–
100.0)

100.0% 
(16.0–100.0)

HPV testing: 20.0 
pg/mL

83.0% (52.0–
98.0)

91.0% (71.0–
99.0)

86.0% (42.0–
100.0)

100.0% 
(16.0–100.0)

AGE 35-60 YEARS (24 CIN2+; 12 CIN3+ OR CANCER)

HPV testing: 1.0 
pg/mL

100.0% 
(77.0–100.0)

90.0% (56.0–
100.0)

100.0% 
(54.0–100.0)

100.0% 
(54.0–100.0)

HPV testing: 2.0 
pg/mL

100.0% 
(77.0–100.0)

90.0% (56.0–
100.0)

100.0% 
(54.0–100.0)

100.0% 
(54.0–100.0)

HPV testing: 4.0 
pg/mL

93.0% (66.0–
100.0)

90.0% (56.0–
100.0)

100.0% 
(54.0–100.0)

100.0% 
(54.0–100.0)

HPV testing: 10.0 
pg/mL

86.0% (57.0–
98.0)

90.0% (56.0–
100.0)

100.0% 
(54.0–100.0)

100.0% 
(54.0–100.0)

HPV testing: 20.0 
pg/mL

64.0% (35.0–
87.0)

90.0% (56.0–
100.0)

67.0% (22.0–
96.0)

100.0% 
(54.0–100.0)
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Triage strategy

Specificity for detection of ≥CIN2 
%(95% CI)

Specificity for detection of ≥CIN3 
%(95% CI)

ASCUS/AGUS LSIL ASCUS/AGUS LSIL

AGE 25-34 YEARS (34 CIN2+; 9 CIN3+ OR CANCER)

HPV testing: 1.0 
pg/mL

57.0% (50.0–
63.0)

32.0% (25.0–
39.0)

56.0% (49.0–
62.0)

29.0% (23.0–
35.0)

HPV testing: 2.0 
pg/mL

60.0% (54.0–
67.0)

35.0% (28.0–
42.0)

59.0% (52.0–
65.0)

32.0% (26.0–
38.0)

HPV testing: 4.0 
pg/mL

63.0% (56.0–
69.0)

37.0% (30.0–
44.0)

62.0% (55.0–
68.0)

34.0% (27.0–
40.0)

HPV testing: 10.0 
pg/mL

67.0% (60.0–
73.0)

39.0% (32.0–
46.0)

66.0% (59.0–
72.0)

36.0% (30.0–
43.0)

HPV testing: 20.0 
pg/mL

73.0% (66.0–
78.0)

42.0% (35.0–
49.0)

71.0% (65.0–
77.0)

39.0% (32.0–
46.0)

AGE 35-60 YEARS (24 CIN2+; 12 CIN3+ OR CANCER)

HPV testing: 1.0 
pg/mL

77.0% (73.0–
81.0)

61.0% (55.0–
67.0)

76.0% (72.0–
80.0)

61.0% (55.0–
67.0)

HPV testing: 2.0 
pg/mL

83.0% (79.0–
86.0)

65.0% (58.0–
70.0)

81.0% (78.0–
85.0)

64.0% (58.0–
70.0)

HPV testing: 4.0 
pg/mL

85.0% (82.0–
88.0)

67.0% (61.0–
73.0)

84.0% (80.0–
87.0)

67.0% (61.0–
72.0)

HPV testing: 10.0 
pg/mL

88.0% (85.0–
90.0)

69.0% (63.0–
74.0)

87.0% (83.0–
90.0)

68.0% (62.0–
74.0)

HPV testing: 20.0 
pg/mL

89.0% (86.0–
91.0)

71.0% (65.0–
76.0)

88.0% (85.0–
91.0)

70.0% (64.0–
76.0)

AGUS = atypical glandular cells of undetermined significance; ASCUS = atypical squamous cells of 
undetermined significance; CI = confidence interval; CIN = cervical intraepithelial neoplasia; DNA = 
deoxyribonucleic acid; HC = Hybrid Capture; HPV = human papillomavirus; LSIL = low-grade squamous 
intraepithelial lesion; N = number; NTCC = New Technologies for Cervical Cancer Screening (Italy)

TABLE D.3-B: PERFORMANCE (SENSITIVITY AND SPECIFICITY) OF HPV DNA 
TESTING IN COLPOSCOPY TRIAGE OF ASCUS/AGUS AND LSIL, RESULTS FROM 
THE NTCC STUDY (NASCUS = 757, NLSIL = 485)58 (CONTINUED)

IHE_HPV-V4.indd   137 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta138

TABLE D.3-C: PERFORMANCE OF HPV DNA TESTING IN COLPOSCOPY TRIAGE OF 
ASCUS, RESULTS FROM THE CCCAST STUDY (NASCUS =9977, WOMEN 
30 TO 69 YEARS OF AGE)35

TRIAGE STRATEGY SENSITIV-

ITY %

SPECIFIC-

ITY %

POSITIVE 

PREDICTIVE 

VALUE %

NEGATIVE 

PREDICTIVE 

VALUE %

REFERRAL 

FOR COL-

POSCOPY %

HPV testing: ≥ 1.0 
pg/mL

53.8 98.7 14.9 99.8 1.6

Pap triage of ≥ 1.0 pg/
mL (ASCUS+)

53.8 99.1 21.4 99.8 1.1

ASCUS = atypical squamous cells of undetermined significance; CCCaST = Canadian cervical cancer 
screening trial; DNA = deoxyribonucleic acid; HPV = human papillomavirus; N = number

TABLE D.4-A: TRIAGE. PERFORMANCE TESTS’ RESULTS (ABSOLUTE AND RELATIVE 
RANGE OF VALUES), WOMEN 30 YEARS OF AGE AND OLDER. ALL STUDIES

Tests Cut-offs Se 
Range (%, 
RV)

Sp 
Range (%, 
RV)

Referrals 
Range (%, 
RV)

Se 
Range (%, 
RV)

Sp 
Range (%, 
RV)

Referrals 
Range (%, 
RV)

ASCUS/
AGUS

ASCUS/
AGUS

ASCUS LSIL LSIL LSIL

CIN2+

HPV DNA 1 pg/mL 100.0* 77.0* 90.0* 61.0*

HPV DNA 2 pg/mL 100.0* 83.0* 90.0* 65.0*

HPV DNA 4 pg/mL 93.0* 85.0* 90.0* 67.0*

HPV DNA 10 pg/mL 86.0* 88.0* 90.0* 69.0*

Pap ASCUS

Pap LSIL

LBC ASCUS

LBC LSIL

CIN3+

HPV DNA 1 pg/mL 93.9–
100.0* 
RVLBC 

ASCUS: 1.03
RVLBC LSIL: 
1:29

76.0* 31.2 83.3–
100.0* 
RVLBC 

ASCUS: 0.91
RVLBC LSIL: 
1.0

61.0* 74.7

HPV DNA 2 pg/mL 100.0* 81.0* 100.0* 64.0*

HPV DNA 4 pg/mL 100.0* 84.0* 100.0* 67.0*
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HPV DNA 10 pg/mL 90.9–
100.0* 
RVLBC 

ASCUS: 1.0
RVLBC LSIL: 
1.25

87.0* 22.4 58.3–
100.0* 
RVLBC 

ASCUS: 0.64
RVLBC LSIL: 
0.70

68.0* 62.7

Pap ASCUS

Pap LSIL

LBC ASCUS 90.9 50.1 91.7 77.7

LBC LSIL 72.7 17.4 83.3 49.4

*Women 35 to 60 years, only HPV DNA test values (NTCC study, one RCT); for the other values, women 
≥ 29 years of age (ALTS study, one RCT). 

Note: The relative value (RV) is calculated by dividing the screening parameter value (Se, Sp) of the 
intervention test (HPV DNA test) to the value of the comparator test (Pap smear or LBC).

AGUS = atypical glandular cells of undetermined significance; ALTS = The ASCUS-LSIL triage study 
(USA); ASCUS = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial 
neoplasia; DNA = deoxyribonucleic acid; HPV = human papillomavirus; LBC = liquid-based cervical 
cytology; LSIL = low-grade squamous intraepithelial lesion; NTCC = New Technologies for Cervical 
Cancer Screening (Italy); RCT = randomized controlled trial; Se = sensitivity; Sp = specificity

TABLE D.4-B: TRIAGE. PERFORMANCE TESTS’ RESULTS (ABSOLUTE AND RELATIVE 
RANGE OF VALUES), WOMEN UNDER THE AGE OF 30 YEARS. ALL STUDIES

Tests Cut-offs Se 
Range (%, 
RV)

Sp 
Range (%, 
RV)

Referrals 
Range (%, 
RV)

Se 
Range (%, 
RV)

Sp 
Range (%, 
RV)

Referrals 
Range (%, 
RV)

ASCUS/
AGUS

ASCUS/
AGUS

ASCUS LSIL LSIL LSIL

CIN2+

HPV DNA 1 pg/mL 92.0* 57.0* 100.0* 32.0*

HPV DNA 2 pg/mL 92.0* 60.0* 100.0* 35.0*

HPV DNA 4 pg/mL 83.0* 63.0* 100.0* 37.0*

HPV DNA 10 pg/mL 83.0* 67.0* 91.0* 39.0*

Pap ASCUS

Pap LSIL

LBC ASCUS

TABLE D.4-A: TRIAGE. PERFORMANCE TESTS’ RESULTS (ABSOLUTE AND RELATIVE 
RANGE OF VALUES), WOMEN 30 YEARS OF AGE AND OLDER.  
ALL STUDIES (CONTINUED)
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LBC LSIL

CIN3+

HPV DNA 1 pg/mL 86.0*–
96.0 
RVLBC 

ASCUS: 1.09
RVLBC LSIL: 
1:60

56.0* 65.2 97.6–
100.0* 
RVLBC 

ASCUS: 1.08
RVLBC LSIL: 
1.08

29.0* 88.0

HPV DNA 2 pg/mL 86.0* 59.0* 100.0* 32.0*

HPV DNA 4 pg/mL 86.0* 62.0* 100.0*

HPV DNA 10 pg/mL 86.0*–
92.0 
RVLBC 

ASCUS: 1.04
RVLBC LSIL: 
1.53

66.0* 49.9 92.9–
100.0* 
RVLBC 

ASCUS: 1.03
RVLBC LSIL: 
1.03

39.0* 77.6

Pap ASCUS

Pap LSIL

LBC ASCUS 88.0 63.9 90.5 80.9

LBC LSIL 60.0 30.0 90.5 63.2

*Women 25 to 24 years, only HPV DNA test values provided (NTCC study, one RCT); for the other values 
women 23 to 28 years of age (ALTS study, one RCT).

Note: The relative value (RV) is calculated by dividing the screening parameter value (Se, Sp) of the 
intervention test (HPV DNA test) to the value of the comparator test (Pap smear or LBC).

AGUS = atypical glandular cells of undetermined significance; ALTS = The ASCUS-LSIL triage study 
(USA); ASCUS = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial 
neoplasia; DNA = deoxyribonucleic acid; HPV = human papillomavirus; LBC = liquid-based cervical 
cytology; LSIL = low-grade squamous intraepithelial lesion; NTCC = New Technologies for Cervical 
Cancer Screening (Italy); RCT = randomized controlled trial; Se = sensitivity; Sp = specificity

TABLE D.4-B: TRIAGE. PERFORMANCE TESTS’ RESULTS (ABSOLUTE AND RELATIVE 
RANGE OF VALUES), WOMEN UNDER THE AGE OF 30 YEARS. ALL STUDIES (CONTINUED)
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APPENDIX E:  CONVERSION TABLE FOR 
DIFFERENT CYTOLOGICAL CLASSIFICATION 
SYSTEMS (ADAPTED FROM: HERBERT  
ET AL. & NIJHUIS ET AL.31,33)

DYSPLASIA CIN PAPANICOLAOU
BETHESDA 
1991

BETHESDA 
2001

Normal Normal Pap 1 Negative

Benign atypia Inflammatory 
atypia

Pap 1 Epithelial 
abnormality

Atypical cells Squamous atypia Pap 2 Infection, reactive 

repair

ASCUS 

AGUS

ASC-US

ASC-H

AGC

Mild dysplasia CIN1 Pap 3A1 LSIL LSIL

Moderate 
dysplasia

CIN2 Pap 3A2 HSIL HSIL

Severe dysplasia CIN3 Pap 3B HSIL HSIL

Carcinoma in situ CIN3 Pap 4 SCC

AIS

(Microinvasive) 
cancer

(Microinvasive) 
cancer

Pap 5

AGC = atypical glandular cells; AGUS = atypical glandular cells of undetermined significance; AIS = 
endocervical adenocarcinoma in situ; ASC-H = atypical squamous cells cannot exclude HSIL;  
ASC-US = atypical squamous cells of undetermined significance; CIN = cervical intraepithelial neoplasia; 
LSIL = low-grade squamous intraepithelial lesion; HSIL = high-grade squamous intraepithelial lesion; 
SCC = squamous cell carcinoma
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APPENDIX F: LIMITATIONS OF THE ASSAYS
The following limitations of the assays are mentioned by the manufacturers: 

1. Limitations of the HC 2 HPV DNA test:

—— The test performance may be affected by the prevalence of HPV infection 
in a given population (low positive predictive values in populations with 
low prevalence or individuals with no risk of infection).48

—— Due to the low prevalence of high-risk types HPV-39, -58, -59, and -68 in 
the general population, the performance characteristics of the test for the 
detection of these types has not been statistically confirmed.48

—— Cervical cytologic specimens must be collected using either the Digene 
Cervical Sampler™ and Digene Specimen Transport Medium or a 
broom-type collection device, and placed in Cytyc ThinPrep® Pap Test™ 
PreservCyt® Solution. Biopsy specimens may be assayed only if they are 
placed immediately in Digene Specimen Transport Medium and stored at 
-20oC until assayed.48

—— If high concentrations of anti-fungal cream, contraceptive jelly, or douche 
are present at the time a specimen is collected, there is a likelihood of 
obtaining a false-negative result should these specimens contain HPV 
DNA levels that yield RLU/cut-off values near the assay cut-off.48

—— Detection of an HPV infection is not an indicator of cytologic HSIL or 
underlying high-grade CIN, nor does it imply that CIN2, CIN3, or cancer 
will develop, since most women infected with one or more high-risk HPV 
types do not develop CIN2, CIN 3. or cancer.48

—— A negative result does not exclude the possibility of HPV infection, 
since very low levels of infection or sampling error may cause a false-
negative result.48

—— A negative test result does not exclude the possibility of future cytologic 
HSIL or underlying CIN2, CIN 3, or cancer. A small proportion of high-
grade lesions occur in women who are HPV negative when tested by 
existing technologies.48

—— A low risk exists for cross-hybridization of the DNA probes with unknown 
or additional HPV types (HPV-6, -11, -42, -53, -54, -55, -66, -67, MM4, 
MM7, MM8, or MM9) when these HPV types have higher levels, which 
may lead to an increase in the false positive rate with subsequent increased 
referral rates for colposcopy.7,48 

—— Cross-reactivity between the Hybrid Capture 2 test probe and the plasmid 
pBR322 was reported in human genital samples and false-positive results 
could occur in the presence of high levels of bacterial plasmid.48

There are a few HPV types known to be uncommonly associated with cervical 
cancer which are not included in the HC 2 probe set and are likely to be 
responsible for the rare occurrence of cervical cancer.20,46 
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These include high-risk types HPV-73 and -82 and other types considered 
probably carcinogenetic, such as HPV-26, -53, and -66.20

2. Procedural limitations of the AMPLICOR® HPV test (source: Roche 
Molecular Systems, Inc. Indications and characteristics of test):

—— Detection of HPV is dependent on the number of virus genomes present 
in the specimen and may be affected by specimen collection methods, 
woman factors (i.e. age, presence of symptoms), and/or stage of infection.

—— Reliable results are dependent on adequate specimen collection, transport, 
storage, and processing procedures.

—— The test is validated for use with the AmpliLute Liquid Media Extraction 
kit only; only the Applied Biosystems Gold-plated 96-Well GeneAmp PCR 
System 9700 has been validated for use with this kit. Also, using liquid 
media other than PreservCyt® and SurePath® specimen types may lead to 
false negative or false positive results.

—— False negative results may occur due to polymerase inhibition or 
cell inadequacy; the ß-globin amplification has been added to the  
test to permit the identification of processed specimens containing 
substances that may interfere with PCR amplification and/or  
inadequate cell collection.

—— Contamination from HPV-positive controls and HPV-positive clinical 
specimens can be avoided only by good laboratory practices and 
adherence to procedures indicated by the manufacturer.

—— Samples containing Advantage-S® Bioadhesive Contraceptive Gel may 
interfere with the performance of the test.

—— Performance of the procedure should be limited to personnel trained in the 
techniques of PCR.
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APPENDIX G: GUIDELINES FOR HPV DNA TESTING 
USED AS PRIMARY SCREENING OR TRIAGE TOOL

Guideline Primary screening Triage of ASC-US HPV DNA testing 
not indicated

Women age, years ≥ 30 < 30 ≥ 30 All ages

CANADA

Pan-Canadian forum,70 
2001

Recommended 
(Pap test 
as primary 
screening).

Canadian Consensus 
Guidelines,12 2007

Recommended 
(adjunct to 
cervical cytology 
i.e., LBC when 
appropriate).

Women < 30 
years; LSIL, HSIL, 
and SCC.

Cervical Cancer 
Screening Working 
Group,16 Alberta, 2007

Useful for 
detecting high-
grade lesions 
in women with 
ASC-US.

Program in Evidence-
based care, Cancer 
Care Ontario,39 2005; 
Ontario Guidelines 
Advisory Committee,

71
 

2007

Together 
with cytology 
(preferred LBC or 
acceptable Pap 
smear).

USA

American Society 
for Colposcopy and 
Cervical Pathology (and 
other organizations) 
Consensus 
conference.72,73 2001, 
2006

Preferred option: reflex HPV 
DNA testing for high-risk types 
of HPV when LBC was used 
as primary screening, women 
over the age of 20.

Triage LSIL or 
HSIL women. 

American College 
of Obstetricians and 
Gynecologists,45,72,75,76 
2005

Cervical cytology 
together with HPV 
DNA testing.

Reflex HPV DNA testing for 
high-risk types when LBC was 
used at the time of the initial 
visit (sexually active women, 
age not stated).

Women with LSIL, 
ASC-H, or AGC.

US Preventive Services 
Task Force,77,78 2003

Insufficient evidence. Insufficient 
evidence.

American Cancer 
Society,36 2002

Pap or LBC test 
combined with a test 
for high-risk HPV 
DNA at three-year 
intervals.

Not investigated.
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Institute for Clinical 
Systems Improvement,65 
2006

Recommended. Age not 
clearly stated.

Not 
recommended for 
LSIL.

Kaiser Permanente,79 
2006

Cervical cytology 
(Pap smear or LBC) 
together with HPV 
DNA testing.

Recommended. No 
recommendation 
for cytologic 
results higher than 
ASC-US.

AGC = atypical glandular cells; ASC-H = atypical squamous cells-cannot exclude HSIL; ASC-US = 
atypical squamous cells of undetermined significance; DNA = deoxyribonucleic acid; HPV = human 
papillomavirus; HSIL = high-grade squamous intraepithelial lesion; LBC = liquid-based cervical cytology; 
LSIL = low-grade squamous intraepithelial lesion
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APPENDIX H: GUIDELINES FOR THE 
MANAGEMENT OF WOMEN, BASED ON  
PAP SMEAR RESULTS
Source: Towards Optimized Practice (TOP). Screening for Cervical Cancer: Revised. Guideline. Updated 
February 2007. Available at: http://www.topalbertadoctors.org/top/

AGC = atypical glandular cells; AIS = adenocarcinoma in situ; ASC-H = atypical squamous cells-cannot 
exclude HSIL; ASC-US = atypical squamous cells of undetermined significance; HSIL = high-grade 
squamous intraepithelial lesion; LSIL = low-grade squamous intraepithelial lesion; NILM = negative for 
intraepithelial lesion or malignancy

*Unsatisfactory smears are mostly due to cervical sampling and specimen collection issues.
†Squamous cell carcinoma, adenocarcinoma, other malignant types.

Screening (Pap Smear)

NILM       Unsatisfactory*       ASC-US       LSIL       ASC-H       HSIL       AIS       Malignant†Result

Action

Result

Action

Routine 
Screening

Repeat 
smear in 3 
months

Treatment 
Repeat 
smears 
every 6 
months for 
2 years

Repeat 
smears 
every 6 
months for 
2 years

Refer to 
colposcopy

Refer to 
colposcopy & 
endocervical 
curettage 
Endometrial 
biopsy 
(possible) 
Repeat 
smears are 
insufficient

Refer to 
specialist 
care

NILM Atrophic One smear 
is ASC-US 
or worse

NILM

Routine 
screening

Treatment, 
followed 
by repeat 
smear (not 
before 3 
months)

Refer 
colposcopy

Routine 
screening
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APPENDIX I: GLOSSARY, CALCULATIONS,  
GRAPHIC PRESENTATIONS

1. GLOSSARY
Accuracy: The degree to which a measurement or an estimate 
based on measurements represents the true value of the attribute that  
is being measured.82

Cut-off point: An arbitrary chosen point or value in an ordered sequence of 
values, used to divide the distribution of values into parts that are arbitrarily 
designated as within or beyond the range considered normal.82

Gold standard: A method, procedure, or measurement that is widely 
accepted as being the best available. Often used to compare with  
new methods.82

Intention to treat analysis: All randomized women are reported/analyzed 
in the same group as allocated by randomization, whether or not they received 
(or completed) the intervention given to that arm.

Method of randomization: A random (unpredictable) assignment sequence. 
Examples of adequate methods are computer generated random number tables 
and the use of sealed of opaque envelopes. Methods of allocation using date 
of birth, date of admission, hospital numbers, or alternation should not be 
regarded as appropriate.

Method of allocation concealment: Assignment generated by an 
independent person not responsible for determining the eligibility of the 
participants/women. This person has no information about the persons 
included in the trial and has no influence on the assignment sequence or on the 
decision about eligibility of the participant.

Negative predictive value: The probability that a person with a negative test 
does not have the disease.82

Positive predictive value: The probability that a person with a positive test is 
a true positive (that is, that the person does have the disease).82

Receiver Operating Characteristic (ROC) Curve: A graphic means for 
assessing the ability of a screening test to discriminate between healthy and 
diseased persons.82

Reference standard: The standard to which a test that is being studied can 
be compared.82

Relative values: The relative sensitivity value estimate of the additional 
fraction of subjects with CIN2+ and CIN3+ lesions that are correctly detected 
by HPV DNA test but missed by the reference test (cytology).

The relative specificity value estimate of the additional fraction of subjects 
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with CIN2+ and CIN3+ lesions that are correctly identified as not having the 
condition by the HPV DNA test but missed being classified by the reference 
test (cytology).

The positive predictive value estimate of the additional fraction of subjects with 
an HPV DNA positive test result that will actually have a CIN2+ or CIN3+ or 
cancer compared to the reference test (cytology).

The negative predictive value estimate of the additional fraction of subjects 
with an HPV DNA negative test result that actually do not have an CIN2+ or 
CIN3+ or cancer compared to the reference test (cytology).

Reproducibility: A test is reproducible (repeatable) if the results are identical 
or closely similar each time it is conducted.82

Sensitivity: The proportion of truly diseased persons in the screened 
population who are identified as diseased by the screening test. Sensitivity is a 
measure of the probability of correctly diagnosing a case, or of the probability 
that any given case will be identified by the test.82

Sensitivity analysis: A method of determining the robustness of an 
assessment by examining the extent to which results are affected by changes in 
methods, variable values, or assumptions. The aim is to identify variables whose 
values are most likely to change the results or to find a solution that is relatively 
stable for the most commonly occurring values of these variables.82

Specificity: The proportion of truly nondiseased persons who are so identified 
by the screening test. It is a measure of the probability of correctly identifying a 
nondiseased person with a screening test.82

2. CALCULATIONS (SOURCE: A DICTIONARY OF 
EPIDEMIOLOGY, 200182)

Screening test results True status Total

Diseased Not diseased

Positive a (TP) b (FP) a+b

Negative c (FN) d (TN) c+d

Total a+c b+d a+b+c+d

a. diseased individuals detected by the test (true positives [TP])

b. non-diseased individuals positive by the test (false positives [FP])

c. diseased individuals not detectable by the test (false negatives [FN])

d. non-diseased individuals negative by the test (true negatives [TN])

Sensitivity = a/a+c

Specificity = d/b+d
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Positive predictive value (positive test result) = a/a+b

Negative predictive value (negative test result) = d/c+d

3. GRAPHICAL PRESENTATION OF THE  
SCREENING TEST PERFORMANCE, RONCO ET AL.57 
(SENSITIVITY ANALYSIS) 
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3. GRAPHICAL PRESENTATION OF THE SCREENING 
TEST PERFORMANCE, RONCO ET AL.57 
(SENSITIVITY ANALYSIS) (CONTINUED)

IHE_HPV-V4.indd   150 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta 151

REFERENCES
1. WHO/ICO Information Centre on HPV and Cervical Cancer (HPV 

Information Centre). Summary report on HPV and cervical cancer statistics in 
Canada, 2007, 2008.

2. Canadian Cancer Society/National Cancer Institute of Canada. Canadian 
Cancer Statistics 2008, Toronto, Canada. 2008. 1-22-2009.

3. Denny LA, Wright TC. Human papillomavirus testing and screening. Best 
Practice & Research in Clinical Obstetrics & Gynaecology 2005;19(4):501-15.

4. Krahn M, McLachlin M, Pham B, Rosen B, Sander B, Grootendorst P, et 
al. Liquid-based techniques for cervical cancer screening: systematic review and 
cost-effectiveness analysis. Ottawa, ON: Canadian Agency for Drugs and 
Techologies in Health (CADTH) report, 2008. Report No.: Technology 
Report Number 103.

5. Davies P, Arbyn M, Dillner J, Kitchener HC, Meijer CJLM, Ronco G, et al. 
A report on the current status of European research on the use of human 
papillomavirus testing for primary cervical cancer screening. International 
Journal of Cancer 2006;118(4):791-6.

6. Valdespino VM. Cervical cancer screening: State of the art. Current Opinion 
in Obstetrics and Gynecology 2006;18(1):35-40.

7. Medical Services Advisory Committee. Human papillomavirus testing for 
cervical screening. Systematic review, 2003.

8. Hennekens CH, Buring JE. Epidemiology in disease control, Screening. In: 
Mayrent SL, editor. Epidemiology in medicine. First edition, Ninth 
Printing ed. 1987: p. 327-47.

9. Dehn D. Human papillomavirus testing and molecular markers of cervical 
dysplasia and carcinoma. Cancer 2007;111(1):1-14.

10. Fey MC, Beal MW. Role of human papillomavirus testing in cervical 
cancer prevention. Journal of Midwifery and Women’s Health 
2004;49(1):4-13.

11. Kirby TO. HPV triage of patients with ASCUS cervical Pap smears. 
Sexuality, Reproduction and Menopause 2004;2(3):146-53.

12. The Society of Obstetricians and Gynaecologists of Canada. Canadian 
Consensus Guidelines on Human Papillomavirus. Available at: http://www.
sogc.org/guidelines/documents/gui196CPG0708revised_000.pdf 2007 [cited 
2008 Aug 16].

13. Institute for Clinical Systems Improvement. HPV DNA testing for the 
screening and monitoring of cervical cancer. Bloomington, MN: Institute for 
Clinical Systems Improvement (ICSI) 2005;27.

IHE_HPV-V4.indd   151 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta152

14. Hartmann KE, Hall SA, Nanda K, Boggess JF, Zolnoun D. Screening for 
cervical cancer. Agency for Healthcare Research and Quality (AHRQ) 
Systematic review, 2002.

15. Bosch FX, Qiao YL, Castellsague X. The epidemiology of human 
papillomavirus infection and its association with cervical cancer. 
International Journal of Gynecology & Obstetrics 2006;94:S8-S21.

16. Cervical Cancer Screening Working Group. Screening for cervical cancer: 
revised. Towards Optimized Practice (TOP) Alberta 2007. Available at: 
http://www.topalbertadoctors.org/NR/rdonlyres/3AA8E07E-1CD9-40C8-
9494-AD5A1E5EC842/0/cervical_cancer.pdf [cited 2008 Aug 14].

17. Baseman JG, Koutsky LA. The epidemiology of human papillomavirus 
infections. Journal of Clinical Virology 2005;32S:S16-S24.

18. Editors in Chief: Walter Prendiville PD. HPV Handbook. 1. Human 
Papillomavirus and Cervical Cancer. Available at: http://www.ecca.
info/webECCA/SilverpeasWebFileServer/HPVHandbook1.pdf?Space
Id=WA42&ComponentId=toolbox141&SourceFile=1152711672062 
pdf&MimeType=application/pdf&Directory=Attachment%5CImages%5C&logi
calName=HPVHandbook1.pdf 2004 [cited 2008 May 29].

19. Wright TC, Bosch FX, Franco EL, Cuzick J, Schiller JT, Garnett GP, 
et al. HPV vaccines and screening in the prevention of cervical cancer; 
conclusions from a 2006 workshop of international experts. Vaccine 
2006;24:251-61.

20. Munoz N, Bosch FX, de Sanjosé S, Herero R, Castellsague X, Shah KV, et 
al. Epidemiologic classification of human papillomavirus types associated 
with cervical cancer. New England Journal of Medicine 2003;348:518-27.

21. Munoz N, Castellsague X, Gissman L. Chapter I: HPV in the etiology of 
human cancer. Vaccine 2006;24[Suppl 3]:S5-S7.

22. Brotzman GL. Evaluating the impact of HPV-related diseases: Cervical 
cancer and genital warts. Journal of Family Practice 2005;54(SPEC. 
ISS.):s3-s9.

23. Bosch FX, de Sanjosé S. Human papillomavirus in cervical cancer. Current 
Oncology Reports 2002 Mar;4(2):175-83.

24. Franco EL. Chapter 29: Knowledge gaps and priorities for research on 
prevention of HPV infection and cervical cancer. Vaccine 2006;24
(Suppl. 3):S242-S249.

25. Clifford GM, Smith JS, Plummer M, Munoz N, Franceschi F. Human 
papillomavirus types in invasive cervical cancer worldwide: a meta-
analysis. British Journal of Cancer 2002;88:63-73.

26. Clifford GM, Smith JS, Aguado T, Franceschi S. Comparison of HPV type 
distribution in high-grade cervical lesions and cervical cancer: a meta-
analysis. British Journal of Cancer 2003;89(1):101-5.

IHE_HPV-V4.indd   152 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta 153

27. Clifford G. Chapter 3: HPV type-distribution in women with and without 
cervical neoplastic diseases. Vaccine 2006;24(Suppl. 3):S26-S34.

28. Medical Services Advisory Committee. Human papillomavirus testing 
in women with cytological prediction of low-grade abnormality. Systematic 
review. 2002.

29. Human Papillomavirus (HPV). Public Health Agency of Canada, 2008. 
Available at: http://www.phac-aspc.gc.ca/std-mts/hpv-vph/fact-faits-eng.php 
[cited 2008 Aug 28].

30. Bergeron C. The 2001 Bethesda system. Salud Publica de Mexico 
2003;45:S340-S344.

31. Herbert A, Bergeron C, Wiener H, Schenck U, Klinkhamer P, Bulten J, et 
al. European guidelines for quality assurance in cervical cancer screening: 
recommendations for cervical cytology terminology. Cytopathology 
2007;18(4):213-9.

32. Wright TC, Massad LS, Dunton CJ, Spitzer M, Wilkinson EJ, Solomon D. 
2006 consensus guidelines for the management of women with cervical 
intraepithelial neoplasia or adenocarcinoma in situ. American Journal of 
Obstetrics and Gynecology 2007;197(4):340-5.

33. Nijhuis ER, Reesink-Peters N, Wisman GBA, Nijman HW, van Zanden J, 
Volders H, et al. An overview of innovative techniques to improve cervical 
cancer screening. Cellular Oncology 2006;28(5-6):233-46.

34. Noorani HZ, Brown A, Skidmore B, Stuart GCE. Liquid-based cytology 
and human papillomavirus testing in cervical cancer screening. Ottawa, ON: 
Canadian Agency for Drugs and Techologies in Health (CADTH) 
Systematic review, 2003.

35. Mayrand MH, Duarte-Franco E, Rodrigues I, Walter SD, Hanley J, 
Ferenczy A, et al. Human papillomavirus DNA versus Papanicolaou 
screening tests for cervical cancer. New England Journal of Medicine 
2007;357(16):1579-88.

36. Saslow D, Runowicz CD, Solomon D, Moscicki AB, Smith RA, Eyre  
HJ, et al. American Cancer Society guideline for the early detection 
of cervical neoplasia and cancer. CA: A Cancer Journal for Clinicians 
2002;52(6):342-62.

37. Hulstaert F, Arbyn M, Huybrechts M, Vinck I, Puddu M, Ramaekers D. 
HTA of cervical cancer screening and HPV testing. The Belgium Health Care 
Knowledge Centre (KCE) Report, 2006.

38. Alliance for Cervical Cancer Prevention (ACCP). Planning and 
Implementing Cervical Cancer Prevention and Control Programs: A Manual for 
Managers. Seattle: ACCP, 2004.

IHE_HPV-V4.indd   153 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta154

39. McLachlin CM, Mai V, Murphy J, Fung-Kee-Fung M, Chambers A, Oliver 
TK, et al. Ontario cervical cancer screening clinical practice guidelines. 
Journal of Obstetrics & Gynaecology Canada 2007;29(4):344-53.

40. Jin XW. New cervical cancer screening strategy: Combined Pap and HPV 
testing. Cleveland Clinic Journal of Medicine 2005;72(2):141-8.

41. Cuzick J, Clavel C, Petry KU, Meijer CJ, Hoyer H, Ratnam S, et al. 
Overview of the European and North American studies on HPV testing 
in primary cervical cancer screening. International Journal of Cancer 
2006;119(5):1095-101.

42. Kulasingam SL, Hughes JP, Kiviat NB, Mao C, Weiss NS, Kuypers JM, et 
al. Evaluation of human papillomavirus testing in primary screening for 
cervical abnormalities: comparison of sensitivity, specificity, and frequency 
of referral. JAMA 2002;288(14):1749-57.

43. Wright TC. Cervical cancer screening in the 21st century: Is it time to 
retire the PAP smear? Clinical Obstetrics and Gynecology 2007;50(2):313-23.

44. Grace M, Davies P. Human papillomavirus testing for primary cervical 
cancer screening. Expert Review of Molecular Diagnostics 2008;8(5):599-605.

45. American College of Obstetricians and Gynecologists. ACOG Practice 
Bulletin. Clinical Management Guidelines for Obstetrician-Gynecologists. 
Number 61, April 2005. Human papillomavirus. Obstetrics & Gynecology 
2005;105(4):905-18.

46. Cox JT. Human papillomavirus testing in primary cervical screening and 
abnormal Papanicolaou management. Obstetrical & Gynecological Survey 
2006;61:S15-S25.

47. Monsonego J, Bohbot JM, Pollini G, Krawec C, Vincent C, Merignargues 
I, et al. Performance of the Roche AMPLICOR human papillomavirus 
(HPV) test in prediction of cervical intraepithelial neoplasia (CIN) in 
women with abnormal PAP smear. Gynecologic Oncology 2005;99(1):160-8.

48. Digene Corporation. Hybrid Capture 2 High-Risk HPV DNA Test Draft. 
Available at: http://www.fda.gov/cdrh/pdf/P890064s009c.pdf [cited 2008 
Jun 19].

49. Sankaranarayanan R, Gaffikin L, Jacob M, Sellors J, Robles S. A critical 
assessment of screening methods for cervical neoplasia. International 
Journal of Gynecology & Obstetrics 2005;89:S4-S12.

50. Arbyn M, Sankaranarayanan R, Muwonge R, Keita N, Dolo A, Mbalawa 
CG, et al. Pooled analysis of the accuracy of five cervical cancer screening 
tests assessed in eleven studies in Africa and India. International Journal of 
Cancer 2008;123(1):153-60.

51. Stephenson M, Doughty C. Performance of commercially available HPV tests. 
New Zealand Health Technology Assessment (NZHTA) 2007;64.

IHE_HPV-V4.indd   154 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta 155

52. Moga C, Harstall C. Gastric electrical stimulation (EnterraTM Therapy 
system) for the treatment of gastroparesis. Edmonton, AB: Alberta Heritage 
Foundation for Medical Research; 2006. Report No.: HTA Report #37.

53. US Food and Drug Administration (FDA). Human papillomavirus DNA 
detection kit. Summary of Safety and Effectiveness Data. Available at: 
http://www.fda.gov/cdrh/pdf/P890064s009b.pdf [cited 2008 Jun 19].

54. Cook DJ, Mulrow CD, Haynes RB. Systematic reviews: Synthesis 
of best evidence for clinical decisions. Annals of Internal Medicine 
1997;126(5):376-80.

55. Mayrand MH, Duarte-Franco E, Coutlee F, Rodrigues I, Walter SD, 
Ratnam S, et al. Randomized controlled trial of human papillomavirus 
testing versus Pap cytology in the primary screening for cervical cancer 
precursors: design, methods and preliminary accrual results of the 
Canadian cervical cancer screening trial (CCCaST). International Journal of 
Cancer 2006;119(3):615-23.

56. Ronco G, Segnan N, Giorgi-Rossi P, Zappa M, Casadei GP, Carozzi F, 
et al. Human papillomavirus testing and liquid-based cytology: results at 
recruitment from the new technologies for cervical cancer randomized 
controlled trial. Journal of the National Cancer Institute 2006;98(11):765-74.

57. Ronco G, Giorgi-Rossi P, Carozzi F, Dalla PP, Del MA, De ML, et al. 
Human papillomavirus testing and liquid-based cytology in primary 
screening of women younger than 35 years: results at recruitment for a 
randomised controlled trial. Lancet Oncology 2006;7(7):547-55.

58. Ronco G, Cuzick J, Segnan N, Brezzi S, Carozzi F, Folicaldi S, et al. HPV 
triage for low grade (L-SIL) cytology is appropriate for women over 35 
in mass cervical cancer screening using liquid based cytology. European 
Journal of Cancer 2007;43(3):476-80.

59. Ronco G, Giorgi-Rossi P, Carozzi F, Confortini M, Dalla PP, Del MA, et 
al. Results at recruitment from a randomized controlled trial comparing 
human papillomavirus testing alone with conventional cytology as the 
primary cervical cancer screening test. Journal of the National Cancer 
Institute 2008;100(7):492-501.

60. Kotaniemi-Talonen L, Nieminen P, Anttila A, Hakama M. Routine cervical 
screening with primary HPV testing and cytology triage protocol in a 
randomised setting. British Journal of Cancer 2005;93(8):862-7.

61. Kotaniemi-Talonen L. Screening with a primary human papillomavirus test 
does not increase detection of cervical cancer and intraepithelial neoplasia 
3. European Journal of Cancer 2008;44(4):565-71.

62. Schiffman M, Adrianza ME. ASCUS-LSIL Triage Study. Design, methods 
and characteristics of trial participants. Acta Cytologica 2000;44(5):726-42.

IHE_HPV-V4.indd   155 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta156

63. Sherman ME, Schiffman M, Cox JT, Atypical Squamous Cells of 
Undetermined Significance/Low-Grade Squamous Intraepithelial Lesion 
Triage Study Group. Effects of age and human papilloma viral load on 
colposcopy triage: data from the randomized Atypical Squamous Cells 
of Undetermined Significance/Low-Grade Squamous Intraepithelial 
Lesion Triage Study (ALTS). Journal of the National Cancer Institute 
2002;94(2):102-7.

64. Human papillomavirus testing for triage of women with cytologic 
evidence of low-grade squamous intraepithelial lesions: baseline data 
from a randomized trial. The Atypical Squamous Cells of Undetermined 
Significance/Low-Grade Squamous Intraepithelial Lesions Triage Study 
(ALTS) Group. Journal of the National Cancer Institute 2000;92(5):397-402.

65. Institute for Clinical Systems Improvement (ICSI). Initial management 
of abnormal cervical cytology (Pap smear) and HPV testing. National 
Guideline Clearinghouse 2006. Available at: http://www.guideline.gov/
summary/pdf.aspx?doc_id=10041&stat=1&string=%22screening+for+cervica
l+cancer%22+OR+%22cervical+cancer%22+OR+%22cervical+neoplasia%22 
[cited 2008 Sep 18].

66. Confortini M, Bondi A, Cariaggi MP, Carozzi F, Dalla Palma P, 
Ghiringhello B, et al. Interlaboratory reproducibility of liquid-based 
equivocal cervical cytology within a randomized controlled trial 
framework. Diagnostic Cytopathology 2007;35(9):541-4.

67. Carozzi FM, Del MA, Confortini M, Sani C, Puliti D, Trevisan R, et al. 
Reproducibility of HPV DNA Testing by Hybrid Capture 2 in a Screening 
Setting. American Journal of Clinical Pathology 2005;124(5):716-21.

68. Stoler MH, Schiffman M. Interobserver reproducibility of cervical cytologic 
and histologic interpretations: realistic estimates from the ASCUS-LSIL 
Triage Study. JAMA 2001;285(11):1500-5.

69. Schiffman M, Solomon D. Findings to date from the ASCUS-LSIL 
Triage Study (ALTS). Archives of Pathology & Laboratory Medicine 
2003;127(8):946-9.

70. Stuart G, Taylor G, Bancej CM, Beaulac J, Colgan T, Franco EL, et al. 
Report of the 2003 pan-Canadian forum on cervical cancer prevention and 
control. Journal of Obstetrics & Gynaecology Canada 2004;26(11):1004-28.

71. Ontario Guidelines Advisory Committee. Cervical Cancer Screening: 
Abnormal Test Results. Available at: http://www.gacguidelines.ca/index.
cfm?ACT=topics&topicListID=15 2007 [cited 2008 Aug 13].

72. American College of Obstetricians and Gynecologists (ACOG).2005. 
Human papillomavirus. National Guideline Clearinghouse. Available at: 
http://www.guideline.gov/summary/pdf.aspx?doc_id=10932&stat=1&string= 
2008 [cited 2008 Aug 14].

IHE_HPV-V4.indd   156 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta 157

73. Cox JT, American Society for Colposcopy and Cervical Pathology. The 
clinician’s view: role of human papillomavirus testing in the American 
Society for Colposcopy and Cervical Pathology Guidelines for the 
management of abnormal cervical cytology and cervical cancer precursors. 
Archives of Pathology & Laboratory Medicine 2003;127(8):950-8.

74. Wright J, Massad LS. 2006 consensus guidelines for the management of 
women with abnormal cervical cancer screening tests. American Journal of 
Obstetrics and Gynecology 2007;197(4):346-55.

75. American College of Obstetricians and Gynecologists. ACOG practice 
bulletin. Cervical Cytology screening. Number 45, August 2003. 
International Journal of Gynaecology & Obstetrics 2003;83(2):237-47.

76. ACOG Committee on Practice Bulletins. ACOG Practice Bulletin: clinical 
management guidelines for obstetrician-gynecologists. Number 45, August 
2003. Cervical cytology screening (replaces committee opinion 152, March 
1995). Obstetrics & Gynecology 2003;102(2):417-27.

77. U.S.Preventive Services Task Force.Agency for Healthcare Research 
and Quality RMDh, Screening for Cervical Cancer, Topic Page. January 
2003. Agency for Healthcare Research and Quality, Rockville, MD 2003. 
Available at: http://www.ahrq.gov/clinic/uspstf/uspscerv.htm 
[cited 2008 Aug 14].

78. US Preventive Services Task Force. Screening for cervical cancer: 
recommendations and rationale. National Guideline Clearinghouse 2008. 
Available at: http://www.ahrq.gov/clinic/uspstf/uspscerv.htm 
[cited 2008 Aug 14].

79. Kaiser Permanente National Cervical Cancer Screening Guideline 
Development Team. Cervical cancer screening guideline October 2006; 
National Guideline Clearinghouse 2006. Available at: http://www.ngc.org/
summary/pdf.aspx?doc_id=10713&stat=1&string=kAISER+AND+pERMA
NENTE+AND+nATIONAL+AND+CERVICAL+AND+CANCER+AN
D+SCREENING [cited 2008 Sep 25].

80. University of British Columbia. HPV Testing for Cervical Cancer 
Screening Study. ClinicalTrials gov 2007. Available at: http://clinicaltrials.
gov/ct2/show/NCT00461760; http://www.controlled-trials.com/mrct/
trial/389173 [cited 2008 Aug 21].

81. Muñoz N, Bosch FX, de Sanjosé S, Herrero R, Castellsagué X, Shah 
KV, Snijders PJF, Meijer CJLM. Epidemiologic Classification of Human 
Papillomavirus Types Associated with Cervical Cancer. New England 
Journal of Medicine 2003;348(6):518-27.

82. A Dictionary of Epidemiology. Fourth ed. Oxford University Press, Inc. 2001.

IHE_HPV-V4.indd   157 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta158

SECTION THREE A 
ECONOMIC EVALUATION

Prepared by:

JoAnn Kingston-Riechers

IHE_HPV-V4.indd   158 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta 159

SUMMARY OF COST-EFFECTIVENESS  
STUDIES OF HPV DNA TESTING IN CERVICAL 
CANCER SCREENING

OBJECTIVES
The impacts of HPV DNA testing on health care costs and health outcomes 
relative to existing cervical cancer screening protocols in Alberta are unknown. 
The objective of this report is to review the current economic evidence related 
to HPV testing, to provide some indication of these potential impacts.

METHODS
Selected Databases were searched for economic information related to HPV 
testing. In this review, as is widely accepted in the literature, a screening 
strategy was considered cost-effective if its additional cost per additional life 
years saved (LYS) is less than $50,000. For each study reviewed, the screening 
strategy with the lowest cost per LYS was deemed to be the most cost-
effective tool.

REVIEW FINDINGS
HPV DNA testing as a Primary Screening Test

Three studies considered HPV DNA testing for primary screening. The 
evidence from two studies indicates that alternatives using cytology2 were more 
cost-effective than HPV DNA testing. One study found that HPV testing on a 
quinquennial basis was more cost effective than conventional cytology on an 
annual basis. Longer screening intervals for cytology were not considered.

HPV DNA testing as a Triage Test

Eight studies considered HPV testing as a triage tool for cytological 
equivocal results. The evidence from six studies indicates that HPV testing for 
triaging would be the cost-effective strategy. Two studies found that repeat 
conventional cytology was more cost-effective than HPV DNA testing.

APPLICABILITY TO THE ALBERTA CONTEXT
The difference in results between studies may be attributed to variations 
in input parameters and structural assumptions. These include the age of 
the population being screened, coverage rates, the unit cost of tests, the 
natural progression rate to cervical cancer, the prevalence of HPV infection, 
compliance rates, screening intervals considered, and the assumed impact on 
life expectancies. Consequently, these factors also limit the relevancy of the 
findings to the Alberta context given the differences in Alberta epidemiology 
and the Alberta cervical cancer screening program. For instance, the prevalence 
of high risk HPV infection differ in Alberta (e.g., Canadian estimates of high 
risk HPV incidence is higher than estimated in the studies) and the coverage 
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rate for cervical cancer screening is less than 100% (many of the studies 
assumed 100% coverage).

Therefore, due to the lack of generalizability to Alberta, the relative cost-
effectiveness of conventional cytology, LBC and HPV testing in Alberta 
is unknown. Furthermore, with reference to the effect of HVP testing on 
compliance rates, none of the studies included in the review considered:

—— the infrastructure and training costs to set up and maintain widespread 
HPV testing and/or LBC screening

—— the impact on wait-times for screening, diagnosis, and/or treatment

—— the psychological impact of being tested for a sexually transmitted disease

CONCLUSION
Overall, the evidence from the published economic literature suggests that for 
primary screening, alternatives using conventional cytology or LBC are more 
cost effective than alternatives employing HPV testing. For use as a triaging 
tool, the cost-effectiveness of HPV testing is variable and is dependent on the 
alternatives considered.

LITERATURE REVIEW OF COST-EFFECTIVENESS 
STUDIES OF HPV TESTING IN CERVICAL  
CANCER SCREENING

INTRODUCTION
HPV DNA testing could be used as a primary screening tool or as a triaging 
tool for equivocal cytological results. HPV testing has two main advantages 
over conventional cytology, both stemming from the fact that HPV infection 
necessarily precedes cervical cancer by about 12 to 15 years.22 First, treatment 
costs could be lower and health outcomes could be better because women 
who are infected with high-risk strains of HPV can be selected for closer 
surveillance, prior to abnormal cell development. Second, screening costs could 
be lower because longer screening intervals could be considered. Another 
benefit of HPV testing is that it minimizes subjectivity when interpreting test 
results: specimens are either positive or negative for HPV. The impacts of 
HPV testing on health care costs and health outcomes relative to the existing 
cervical cancer screening protocols, however, are unknown for Alberta.

OBJECTIVE
The objective of this literature review was to provide the current information 
about implementing HPV testing as a companion to, or a component of, LBC 
screening protocols. In order to achieve this objective, the current literature was 
reviewed on the cost-effectiveness of HPV testing as 1) a primary screening 
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tool and 2) a triage tool for cytological equivocal results. (See Appendix A, 
Table A.1 for the search strategy and methodology).

Review findings

Based on the search of selected databases, ten articles were selected for review.3 
Of these articles, two dealt with HPV testing as the primary screening strategy, 
seven dealt with HPV testing as a triaging tool, and one study considered HPV 
testing as both a primary and as a triage screening tool.4

Table 1 provides a summary of the studies, by type, of HPV testing strategies 
and alternatives that were considered. For studies that focused on HPV testing 
as a triage strategy, it also indicates whether or not the primary screening stage 
was considered. For example, Goldie et al.5 considered HPV testing as a triaging 
tool. The alternatives considered included conventional cytology, conventional 
cytology with reflex HPV testing, LBC only, and LBC with reflex HPV testing. 
The study modelled both the primary and the triage stages. In the table, as in the 
rest of this section, studies were referred to by the last name of the first co-author. 
Thus, the Goldie et al.5 study is referred to below as simply Goldie.

TABLE 1: SCREENING STRATEGY CONSIDERED BY STUDIES

1. STUDIES SCREENING STRATEGIES CONSIDERED

Mandelblatt12 Conventional cytology and HPV testing without triage

Mittendorf14 Conventional cytology and HPV testing with cytology triage

Sherlaw-Johnson20 LBC, HPV testing with conventional cytology triage, and HPV testing with 
LBC triage

2. TRIAGE TOOL

a. Studies that model both primary and triage stages

Goldie5 Conventional cytology, convention cytology with HPV testing triage, LBC, and 
LBC with HPV testing triage

Kim8 Conventional cytology and convention cytology with HPV testing triage

Legood11 Conventional cytology, LBC, and LBC with HPV testing triage

Maxwell15 Conventional cytology, LBC, and LBC with HPV testing triage

Sherlaw-Johnson20 Conventional cytology, convention cytology with HPV testing triage, LBC, and 
LBC with HPV testing triage

Straughn21 Conventional cytology and LBC with HPV testing triage

b. Studies that model only the triage stage

Kulasingam10 Repeat LBC and HPV testing after LBC

Sheriff19 Repeat conventional cytology and HPV testing after conventional cytology

Table D.1 and D.2 of Appendix D provide summaries of the studies selected 
for review. Three studies evaluated HPV testing as a primary screening test. 
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Eight studies evaluated HPV testing for use in triage, of which two studies 
restricted their analysis solely to the triage stage.5 (Since Sherlaw-Johnson20 
considered HPV testing as both a primary and a triaging tool, it is included in 
both counts.)

The strategies considered for primary screening and/or triage varied 
considerably between the studies reviewed. To promote comparability between 
the studies, three steps were taken. First, since the majority of studies included 
“no screening” as an option, results were recalculated using “no screening” 
as the common baseline. Second, costs were converted to US dollars using 
purchasing power parity.6 Third, costs were standardized to 2007 dollars using 
the medical care items component of the consumer price index.7

For this literature review, a strategy was considered cost-effective if its ratio 
of cost-to-life years saved was less than $50,000—the widely accepted upper 
threshold of cost-effectiveness.8 For each study reviewed, the screening strategy 
with the lowest cost per LYS was deemed to be the most cost-effective. 

It was important to note that none of the studies considered: a) the 
infrastructure and training costs to setup and maintain widespread HPV testing 
and/or LBC screening; b) the impact on wait-times for screening, diagnosis 
and/or treatment; or c) the psychological impact that being explicitly tested for 
a sexually transmitted disease might have on compliance rates for HPV testing.

HPV TESTING AS A PRIMARY SCREENING TEST
A detailed summary of the three studies that considered HPV testing in 
primary screening can be found in Table D.1 of Appendix C. Mandelblatt12 
populated a mathematical model with a hypothetical sample of one million 
American women, aged 20 and older. Health and cost outcomes were 
estimated for a 1 year period. Costing was done from a societal perspective 
which included medical care costs as well as, when appropriate, the cost of the 
patients’ time to attend screening and treatment. The study assumed less than 
perfect adherence to screening recommendations based on age, with those 
under 70 years of age being more compliant than those over 70 years of age 
(80% versus 58.7%, respectively). The study compared a) HPV testing and b) 
conventional cytology with a 2 year and a 3 year screening interval.9 

4 Please see Appendix B for the funding and competing interests of the authors.

5 They did not consider adjustments to the contemporaneous primary screening strategy.

6 OECD, Purchasing Power Parities (http://www.oecd.org/dataoecd/61/56/39653523.xls, last 
accessed 21/08/08)

7 Source: http://www.iii.org/media/facts/statsbyissue/health/?table_sort_543069=5, last accessed 
21/08/08

8 This is considered the maximal amount society is willing to pay for saving one life year.

9 The study also estimated a primary screening combination of conventional cytology and HPV testing.
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All abnormal test results were referred to colposcopy and biopsy. Conventional 
cytology every 3 years was found to be the most cost-effective of the strategies 
considered. In the discussion of the sensitivity analysis, the authors stated that 
longer screening intervals (up to 10 years) were considered, but were rejected 
because of the increased numbers of missed cancers.

Mittendorf14 populated a mathematical model with a cohort of 400,000 
25-year-old women. Health and cost outcomes were estimated for over a 
20-year period. Costing, done from a payer’s perspective, included the direct 
costs of outpatient care, inpatient care, laboratory costs, and the cost of test 
itself. While costs were discounted at 5% per annum, life years were not. 
Women were assumed to adhere perfectly to the screening regiment. The study 
compared a) HPV testing every 5 years and b) annual conventional cytology 
with repeat cytology for equivocal results.10 The authors stated that abnormal 
results lead to colposcopy and cytology, but a specific triage protocol was 
not specified. Compared to annual screening with conventional cytology, the 
study found that HPV testing every 5 years could increase life expectancies by 
about 2% and lower the cost of screening and treatment by about 65% due to 
detection earlier in the carcinogenic process.

Sherlaw-Johnson20 populated a mathematical model with a cohort of 15-year-
olds. Health and cost outcomes were estimated until the women reached 
64 years of age. The number of women in the cohort was not specified. The 
model assumed that screening commenced at 21 years of age and that 85% of 
the women were compliant with the screening recommendations. Costing was 
done from a payer’s perspective. The costs of screening, treatment, and staff 
time were included. Future costs and life years were discounted at 3.5% per 
annum.11 Of the three studies on primary screening options, this was the only 
one to include both LBC and conventional cytology as alternatives. The study 
compared a) use of cytology12 for all women with reflex cytology for equivocal 
results; b) cytology with reflex HPV testing for equivocal results; and c) same 
as b) for women 21 to 29 years of age and use of HPV as the primary screening 
tool with cytology for triage13 with triennial and quinquennial screening 
intervals. (This study also considered LBC screening with reflex HPV testing, 
which will be discussed in the triage section below.) LBC or conventional 
cytology was used to triage abnormal test results. The study found that HPV 
testing with LBC triage every 5 years was more cost-effective than options a) 
or c) at any screening interval. (However, as discussed later in this review, LBC 

10 The study also estimated a primary screening combination of conventional cytology and HPV testing.

11 The consequences were considered of discounting costs and life years at 0% and 6% per annum 
were considered.

12 The study considered both conventional and liquid- based cytology.

13 Those with abnormal cytological results were given a colposcopy referral, those with normal readings 
were given a HPV test in 6 six months and, if LBC was clear and HPV was negative, they return to 
routine screening.
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with reflex HPV testing on a quinquennial basis was found to be the most cost-
effective strategy of all the options considered in this study.) With the same 
screening interval, the study found that the percentage of women subjected 
to inappropriate colposcopies could be three times higher with a primary 
screening strategy of HPV testing than with LBC.14 

DIFFERENCES IN METHODOLOGY

Age

The Mandelblatt12 and Sherlaw-Johnson20 studies based their analysis on 
women of similar ages: the former included those 20 to 65 years of age15 while 
the latter included women aged 21 to 64 years. However, Mittendorf14 based 
its analysis on those 25 to about 45 years of age. This was important because, 
according to Siebert et al.,18 the incidence of cervical cancer peaks in Germany 
within the 55 to 59 year old age group18 and HPV testing has the potential 
to detect a carcinogenic process up to15 years prior to the development of 
cervical cancer.22 Therefore, significant potential benefits of cervical cancer 
screening strategies may have been missed by Mittendorf.14

In addition, the screening tool used in Sherlaw-Johnson20 was age dependent; 
LBC screening was provided for those prior to 30 years of age with HPV 
testing thereafter. In the other studies, the screening strategy with HPV testing 
included all women. HPV testing is recommended only for those over the age 
of 30 because the incidence of HPV infections in younger women was quite 
high.1 (The incidence of HPV infection peaks in the USA at 44.8%, amongst 
those aged 20 to 24 years of age22.) Capturing women less than 30 years of age 
in an HPV DNA screening program would make that screening strategy less 
cost-effective because of the high rate of false positives.

Comparators

The alternatives to HPV testing as a primary screening tool vary across the 
studies. Mandelblatt12 and Mittendorf14 considered only conventional cytology 
as an alternative to HPV testing. In addition, Mandelblatt12did not consider 
the triage of abnormal results: women were immediately sent for colposcopy. 
Sherlaw-Johnson20 considered both conventional and liquid-based cytology 
as alternatives for the triage of both cytological equivocal results and HPV 
positive results. A triage stage is especially important for a primary screening 
with HPV DNA because HPV DNA tests have a lower specificity than 
cytology. Therefore, without a triage strategy, HPV testing as a stand-alone 
strategy would likely increase the referral rate to colposcopy, driving up the 
cost of that strategy, particularly for women under 30 years of age.

The screening intervals considered included biennial (Mandelblatt12 
and Mittendorf14), triennial (Mandelblatt12 and Sherlaw-Johnson20), and 
quinquennial (Sherlaw-Johnson20 and Mittendorf14). While Mandelblatt12 
and Sherlaw-Johnson20 both varied the screening intervals, Mittendorf14 did 
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not. The latter compared annual conventional cytology with HPV primary 
screening every 5 years. Longer screening intervals favour HPV testing 
because, though the test is relatively expensive in terms of its potential impact 
on colposcopy referrals, HPV testing has a wider window of opportunity 
than cytology in which to identify individuals that may benefit from closer 
surveillance, possibly prior to any abnormal cell development. Generally, the 
earlier in the carcinogenic process an abnormality is found, the lower the cost 
of treatment, and the better the health outcomes for the patient.

Epidemiologic assumptions

The rate of progression to cervical cancer varied significantly across the studies. 
Mittendorf14 assumed that 15% of those aged 20 to 25 years and 4% of those 
aged 25 years and older with a diagnosis of CIN3 would develop cervical 
cancer within the next year. Mandelblatt12 assumed that between 1% and 6% 
of women with HSIL would develop cervical cancer in the next 12 months. 
Sherlaw-Johnson20 assumed that about 0.7% of all women with CIN3 would 
develop cervical cancer within the year. The relatively high rate of progression 
to cervical cancer amongst the youngest age group may explain why screening 
in Mittendorf14 had such a strong impact on life expectancies.

The impact on life expectancies of screening versus not screening varied 
significantly between the three studies. Mandelblatt12 and Sherlaw-Johnson20 
estimated that the effect of any screening would have a maximal impact of 
adding about two months to quality adjusted life years (QALY) and 11 days 
to life expectancy, respectively. Mittendorf14 assumes, however, that relative 
to not screening, screening by conventional cytology or HPV testing would 
add about 20 months to average life expectancy. The latter estimate appears to 
be overly optimistic. According to Siebert et al.,18 compared to not screening, 
annual conventional cytology in Germany would save about 3 months of life, 
an estimate comparable to Mandelblatt12.

Costs and price

The price differential between HPV testing and cytology also varied between 
studies. Sherlaw-Johnson20 assumed that the price per HPV DNA test would be 
about 7% and 11% higher than conventional cytology and LBC, respectively. 
Mandelblatt12 assumed the cost per HC2 and PCR assay to be 200% and 670% 
higher than conventional cytology. (Mittendorf14 did not specify the assumed 
prices of the assays.)

The Mandelblatt12 and Sherlaw-Johnson20 studies discount future costs 
incurred and life years saved; however, the Mittendorf14 study discounted only 
future costs. Strategies with relatively higher impacts on future cost and life 
expectancies, such as possibly HPV testing, would have more favourable cost 
ratios under the Mittendorf14 methodology than under those that discounted 
increment life years as well.
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Screening Intervals

Table 2 provides a summary of the cost-effectiveness ratios. The Mandelblatt12 
and Sherlaw-Johnson20 studies found that primary screening by cytology was 
more cost-effective than HPV testing if the screening interval was 3 years. 
Extending the screening interval to 5 years (or more) may allow the health care 
system to tap into the chief strength of HPV testing: the ability to detect the 
strains of HPV that necessarily precedes cervical cancer by up to 15 years.22 
The ability to treat a woman prior to abnormal cell development has the 
potential to substantially reduce the treatment costs of cervical cancer and its 
precursors. The reduction of these health care costs could compensate for the 
higher cost of the test and its impact on colposcopy referral rates.

TABLE 2: SUMMARY OF COST-EFFECTIVENESS RATIOS

PRIMARY HPV TESTING SCREENING 

(US$, 2007 values)

Mandelblatt et al. 
(2002)1

Mittendorf et al. 
(2003)2

Sherlaw-Johnson 
et al. (2004)3

Cost per QALY Cost per LYS Cost per LYS

Conventional cytology annually $262

Conventional cytology every two years $13,414

Conventional cytology every three years $11,836 $10,214

Conventional cytology every five years $6,902

Liquid based cytology every three years $9,508

Liquid based cytology every five years $6,380

Primary HPV testing every two years $19,359

Primary HPV testing every three years $16,729 $12,5744,5

Primary HPV testing every five years $58 $8,0984,5

Primary HPV testing with LBC triage 
every three years

$10,1295

Primary HPV testing with LBC triage 
every five years

$6,3995

Sample size 1,000,000 400,000 Cohort of 15-year 
olds.

Country USA Germany UK

1 Cross-sectional study of one million women aged 20 to 65.

2 Follows women aged 25 for over 20 years. 

3 Cross-sectional study of women aged 21 to 64.

4 Triage with conventional cytology. 

5 Use of cytology for women aged 21 to 29 and, for all others, use of HPV as the primary screening tool 
with cytology for triage.
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HPV TESTING AS A TRIAGING TEST
A detailed summary of the studies that considered HPV testing in primary 
screening can be found in Table D.2 of Appendix D. General results were 
discussed below. A summary of the findings can be found in Table 3.

TABLE 3: STUDIES AND THE TRIAGE TOOL SELECTED TO BE THE  
MOST COST-EFFECTIVE

STUDIES THAT MODEL BOTH PRIMARY AND TRIAGE STAGES

Goldie5 Conventional cytology with conventional cytology triage every four years

Kim8 Convention cytology with HPV testing triage every five years

Legood11 LBC with HPV testing triage every three and every five years*

Maxwell15 Conventional cytology with conventional cytology triage every three years

Sherlaw-Johnson20 LBC with HPV testing triage every five years

Straughn21 LBC with HPV testing triage every two years

Studies that model only the triage stage

Kulasingam10 HPV testing triage

Sheriff19 Repeat conventional cytology with HPV testing after three months

* Every three years for those 25 to 34 years of age and every five years for those 35 to 64 years of age.

STUDIES THAT MODEL BOTH PRIMARY  
AND TRIAGE STAGES
Goldie5 populated a mathematical model with a hypothetical sample of 
100,000 American women aged 18 and older. The study calculated the 
implications of restricting screening to those 30 years of age and older. 
The model took a societal perspective, including both direct medical and 
counselling costs as well as the cost of the patients’ time. The study compared 
1) cytology with immediate colposcopy referral of equivocal results, 2) cytology 
with reflex HPV testing, 3) cytology with repeat cytology and with additional 
cytology at six and 12 months, and 4) simply ignoring ASC-US results.16 Both 
conventional cytology and LBC were considered where applicable. Perfect 
compliance was assumed. The implications of annual, biennial, triennial, and 
quadrennial screening intervals were evaluated. For women aged 30 years and 
older, the study found that conventional cytology on a quadrennial basis would 
be the most cost-effective of all the strategies considered; however, average life 
expectancies would be lower than with annual conventional cytology.17 LBC 

16 The model also considered a primary screening strategy of cytology and HPV testing for those over 
the age of 29 years.

17 Conventional cytology on a quinquennial basis, rather than an annual basis, would be less expensive 
and would save fewer lives. 

18 In the UK, the Netherlands, France, and Italy, the ages of those eligible for screening were 20 to 65 
years, 30 to 60 years, 25 to 66 years, and 25 to 66 years.
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with reflex HPV testing was ranked second in cost-effectiveness. In comparison 
to annual conventional cytology, it had a lower incidence of cancer and lower 
costs. The ranking of the strategies were robust to changes in natural history 
variables and to the costs of laboratory work-up and treatment. The study 
found that the costs associated with commencing HPV testing at 18 years of 
age was about $1300 per LYS higher than commencing such testing at 30 years 
of age.

Kim8 populated a mathematical model with hypothetical cohorts of women 
from the UK, France, Italy, and the Netherlands. The age range in each sample 
was dependent on the target population of each country.18 Compliance ranged 
from 60% in France to 84% in the UK. The study took a societal perspective 
that included both direct medical costs and patients’ time costs. The study 
compared 1) conventional cytology with country specific abnormal results 
protocol19 and 2) conventional cytology with reflex HPV testing.20 Triennial 
and quinquennial screening intervals were considered. For each country, 
the study found that conventional cytology with reflex HPV testing on a 
quinquennial screening basis was the most cost-effective of all the strategies 
considered. Furthermore, for each country, the strategy was found to be less 
expensive than the contemporary strategy of conventional cytology. The results 
were robust to doubling the cost of assays and laboratory work-ups and to the 
quartering and doubling of the cost of colposcopy and biopsy. The rankings 
were also unaffected by the sensitivity and specificity of the assays, treatment 
patterns, and natural history parameters.

Legood11 populated a mathematical model with a cohort of UK women 25 
years to 64 years old from the NHS pilot studies of LBC and HPV testing. 
The number of women in the sample was not specified. The study compared 
1) conventional cytology with repeat conventional cytology for equivocal 
results; 2) LBC with repeat LBC for equivocal results; 3) LBC with reflex HPV 
testing;21 4) same as 3), but women less than 35 years of age who initially tested 
positive were not referred and, even if repeat tests were negative, were recalled 
for a third combined test at 12 months; 5) LBC and reflex HPV testing (as in 
3) for women 35 years of age or more, and LBC only for under the age of 35 
years (as in 2); 5) LBC and reflex HPV testing (as in 3) but no HPV testing in 
repeat tests. Screening intervals were assumed to be as in the contemporary 
strategy: triennial screening for those 25 to 49 years of age and quinquennial 
screening for those 50 to 64 years of age. The study took a payer’s perspective 
with no consideration of the patients’ time. Compliance rates were assumed 

19 Repeat cytology was performed in the UK and the Netherlands. Immediate colposcopy was used in 
Italy. No triage was assumed in France.

20 In the sensitivity analysis, the results of which were not published, the study found that the use of LBC 
has a lower cost-effectiveness ratio than conventional cytology. A primary screening strategy of both 
cytology and HPV testing was also considered.

21 If the HPV test was positive, a colposcopy referral was immediately provided; if HPV was negative, the 
woman was recalled at six months for repeat cytology and HPV test.
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to vary by test and, for repeat smear and colposcopy, by age. The compliance 
rate assumed for routine smears was 81%, while it was 79% and 85% for repeat 
smears and 95% and 93% for colposcopy for those under 35 years of age and 
those over 34 years of age, respectively. The study found that conventional 
cytology was the least effective strategy. LBC with reflex HPV testing every 5 
years was the most cost-effective of all the strategies considered. The average 
number of lifetime colposcopies would, however, increase between 64% and 
138%, depending on the age group screened. Ranking of LBC with reflex HPV 
DNA was robust to the costs and effectiveness of colposcopy. If the sensitivity 
of LBC or the cost of LBC and/or the HPV testing increased, reflex HPV 
testing became less cost-effective.

Maxwell15 populated a mathematical model with 100,000 American women 
aged 18 to 85 years. The study compared 1) conventional cytology with reflex 
conventional cytology, 2) LBC with reflex LBC, and 3) LBC with reflex HPV 
testing on an annual, biennial, and triennial basis. Perfect compliance was 
assumed. A payer’s perspective was taken. The study found that conventional 
cytology on a triennial basis was the most cost-effective of all the strategies 
considered. LBC with reflex HPV testing on a triennial basis was ranked 
second and would save more lives than conventional cytology at an additional 
cost of $14,000 per LYS. The study found that LBC with reflex HPV testing on 
a triennial basis could result in fewer doctor’s visits, cancers and cancer deaths 
than either conventional cytology alone (as in 1) or LBC alone (as in 2) on a 
biennial screening interval. Ranking of LBC with reflex HPV testing was robust 
to the cost of diagnosis and treatment and the sensitivity of LBC. However, 
its ranking was sensitive to price differential between LBC and conventional 
cytology of over $25 per test.

Sherlaw-Johnson20 was discussed in the prior section on primary screening 
strategies. LBC with reflex HPV testing on a quinquennial basis was found to 
be the most cost-effective of all the strategies considered. The alternatives that 
were considered included primary screening with i) cytology for all women,22 
and ii) cytology for women 21 to 29 years of age and HPV testing for older 
women. The triage strategy for both alternatives was cytology. LBC and 
conventional cytology were both considered where applicable. The screening 
intervals considered were every three years and every five years. LBC with 
reflex HPV testing on a quinquennial basis was found to be the most cost-
effective among all the strategies considered.

Straughn21 populated a mathematical model with 100,000 American women 
aged 18 to 65 years. The study compared the per person cost of screening 
based on 1) conventional cytology and triage with conventional cytology 
repeated every 6 months,23 2) LBC each year with reflex HPV testing,24 and 
3) LBC every 2 years with reflex HPV testing.25 Perfect compliance was 
assumed. The study took a payer’s perspective and included only the direct 
screening costs. No consideration was paid to diagnostic or treatment costs or 
to health outcomes. On a per person basis, LBC with reflex HPV testing on a 
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biennial basis was found to be the least costly of all the strategies considered. 
Colposcopy referrals could be about three percentage points lower for biennial 
LBC screening with reflex HPV testing than for either annual conventional 
cytology or annual LBC screening with reflex HPV testing. The ranking of the 
alternatives appeared robust to changes in parameters such as the unit costs of 
the conventional cytology and HPV testing. If the cost of LBC increased to $30 
per smear, however, the cost of annual conventional cytology would be lower 
than the cost of LBC on a biennial basis with reflex HPV testing.

STUDIES THAT MODEL ONLY THE TRIAGE STAGE 
The Kulasingam10 study was based on clinical records from the Atypical 
Squamous Cells of Undetermined Significance/Low-Grade Squamous 
Intraepithelial Lesion Triage Study (ALTS). The study estimated the cost per 
case of CIN3 detected. The methods of triage considered were 1) immediate 
colposcopy, 2) repeat LBC, and 3) HPV testing. The study took a payer’s 
perspective. The study found that a strategy of repeat cytology would be 
less costly than HPV testing triage; however, repeat cytology detected only 
about 41% of cancers while HPV testing triage detected almost 95% of them. 
Therefore, reflex HPV testing was found to be the most cost-effective strategy 
on a per-detected case of CIN3 basis.

Sherriff19 populated a mathematical model with a hypothetical sample of 
1000 women aged 18 through 65 years. Perfect compliance was assumed. The 
current strategy of repeat conventional cytology to detect CIN2 and higher 
(CIN2+) cases was compared to HPV testing triage.26 The study found that 
HPV testing detects about twice as many CIN2+ cases as repeat conventional 
cytology. On the basis of the number of CIN2+ cases detected, HPV testing 
was found to be the more cost-effective strategy.

Kulasingam10 and Sherriff19 do not consider the longer term impacts on health 
outcomes or treatment costs. If these were considered, one would expect 
that an even stronger case for HPV testing could be made. The sensitivity 
and specificity of conventional cytology followed by HPV testing has been 
estimated at 100% and 92.5%, respectively,12 while the sensitivity and specificity 
of repeat conventional cytology has been estimated, at most, to be 93% and 
65%, respectively.13 This difference in the accuracy of the test could mean that 
HPV testing would lead to more effective treatment and, therefore, to better 
health outcomes.

DIFFERENCES IN METHODOLOGY
Of the eight studies that model both triage by HPV testing and by cytology, 
Goldie5 and Maxwell15 were the only studies that find cytology with reflex HPV 
testing not to be the most cost-effective strategy. The difference in conclusions 
did not appear to be due to the length of the screening interval: studies with 
shorter intervals found HPV testing to be the superior test.
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Price and cost

One contributing factor could be the marginal cost of each HPV DNA test as 
stated by Maxwell.15 Goldie5 and Maxwell15 assume a marginal cost of each 
HPV DNA test would be 220% and 130%, respectively, above the cost of a 
conventional cytology assay. Except for one study, all other studies assumed 
the marginal cost would be slightly higher or lower than the cost of cytology. 
The one exception was Straughn,21 which assumed the highest marginal cost of 
about 417% and 226% above the conventional cytology and LBC, respectively. 
However, Straughn21 considered only the annual screening cost per person. It 
compared 1) biennial LBC screening with reflex HPV testing with 2) annual 
conventional cytology. In that study, testing on a biennial basis, rather than an 
annual basis, compensated for the higher marginal cost of each HPV DNA test.27

SENSITIVITY
Both Goldie5 and Kim8 assume the sensitivity of conventional cytology to be, 
relatively, quite high: 0.69 and 0.68, respectively. All other studies assumed the 
sensitivity rate would be less than 0.60. The relatively high sensitivity means 
that fewer false negatives would be found and thus estimated life expectancies, 
under conventional cytology, would be higher in these studies than in the 
others. Therefore, the marginal benefit of reflex HPV testing would be lower, 
if all else were held equal. The higher marginal cost per HPV DNA test, in 
combination with the relatively higher sensitivity of conventional cytology, 
may explain the relative performance of HPV testing in Goldie.5

COST-EFFECTIVENESS
Table 4 shows the incremental cost effectiveness ratios for each of the 
screening alternatives evaluated in the studies reviewed using 2007 USD and 
“no screening” as the common baseline.

All strategies have incremental cost-effectiveness ratios under the maximum 
threshold of $50,000 per LYS. These ratios do not include a) the infrastructure 
and training costs to set up and maintain widespread HPV testing and/
or LBC screening, b) the impact on wait times for screening, diagnosis, 
and/or treatment, or c) the effect on HPV testing compliance rates of the 
psychological impact of being explicitly tested for a sexually transmitted 
disease. With the inclusion of these costs and effects, the ranking of the 
strategies may change and some ratios may rise above $50,000.
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TABLE 4: INCREMENTAL COST EFFECTIVENESS RATIOS BASED ON NO SCREENING        (UNLESS NOTED), (2007 USD)

GOLDIE ET 
AL. 20045

KIM ET AL. 20059 KULAS-
INGAM ET 
AL. 200610

LEGOOD ET 
AL. 200611

MAXWELL 
ET AL. 
200215 PER 
PERSON

SHERIFF ET 
AL. 200719

SHERLAW-
JOHNSON 
ET AL. 
200420

STRAUGHN 
ET AL. 
200421UK THE NETH-

ERLANDS
FRANCE ITALY

per LYS per LYS per LYS per LYS per LYS per CIN3+ 
detected

per LYS 
(base: PAP)

per LYS per CIN2+ 
case

LBC every year $26,979

LBC every two years $12,112

LBC every three years $4,200i $8,138

PAP every year $30,534 $16,562i to 
$13,135ii

$18,219 $137

PAP every two years $18,467 $7,899

PAP every three years $14,257 $8,470iv $3,840 $3,938 $5,415 $3,973

PAP every four years $12,068

PAP every five years $4,402 $2,281ii to 
$2,244v

$2,684

PAP with reflex HPV 
testing every three 
years

$8,261 $5,287 $3,519 $3,507 $3,981v $4,031

PAP with reflex HPV 
testing every five years

$6,228 $4,173 $2,880 $1,652 $2,716

LBC with reflex HPV 
testing every year

$32,410 $25,906 $162

LBC with reflex HPV 
testing every two years

$20,004 $11,624 $112

LBC with reflex HPV 
testing every three 
years

$15,600 $3,142vi $7,542 $3,698

LBC with reflex HPV 
testing every four years

$13,244

LBC with reflex HPV 
testing every five years

$2,464

Immediate colposcopy $25,274

i Every three years for those 25 to 49 years of age and every five years for those 50 to 64 years of age.

ii Repeat PAP after six months and 12 months.

iii Repeat PAP after three months and six months.

iv Every three years for those 20 to 39 years of age and every five years for those 40 to 65 years of age.

v Repeat PAP with immediate HPV DNA reflex testing.

vi Every three years for those 25 to 49 years of age and every five years for those 50 to 64 years of age.
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JOHNSON 
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ET AL. 
200421UK THE NETH-

ERLANDS
FRANCE ITALY

per LYS per LYS per LYS per LYS per LYS per CIN3+ 
detected

per LYS 
(base: PAP)

per LYS per CIN2+ 
case

LBC every year $26,979

LBC every two years $12,112

LBC every three years $4,200i $8,138

PAP every year $30,534 $16,562i to 
$13,135ii

$18,219 $137

PAP every two years $18,467 $7,899

PAP every three years $14,257 $8,470iv $3,840 $3,938 $5,415 $3,973

PAP every four years $12,068

PAP every five years $4,402 $2,281ii to 
$2,244v

$2,684

PAP with reflex HPV 
testing every three 
years

$8,261 $5,287 $3,519 $3,507 $3,981v $4,031

PAP with reflex HPV 
testing every five years

$6,228 $4,173 $2,880 $1,652 $2,716

LBC with reflex HPV 
testing every year

$32,410 $25,906 $162

LBC with reflex HPV 
testing every two years

$20,004 $11,624 $112

LBC with reflex HPV 
testing every three 
years

$15,600 $3,142vi $7,542 $3,698

LBC with reflex HPV 
testing every four years

$13,244

LBC with reflex HPV 
testing every five years

$2,464

Immediate colposcopy $25,274

i Every three years for those 25 to 49 years of age and every five years for those 50 to 64 years of age.

ii Repeat PAP after six months and 12 months.

iii Repeat PAP after three months and six months.

iv Every three years for those 20 to 39 years of age and every five years for those 40 to 65 years of age.

v Repeat PAP with immediate HPV DNA reflex testing.

vi Every three years for those 25 to 49 years of age and every five years for those 50 to 64 years of age.
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Age Impacts:

Four studies estimated the impact of age on screening costs. The cost of 
screening was found to be less expensive for older women than for younger 
women. Kulasingam10 found that the cost per CIN3+ case detected in women 
30 years of age and older was about 77% of the cost for detection for those 
under 30 years of age. For LBC with reflex HPV testing, Legood11 found that 
the cost of screening women over 35 years of age was about 88% of the cost 
of screening younger women. Goldie5 found that the costs associated with 
commencing HPV testing at the age of 18 was about $1300 per LYS higher 
than of commencing HPV testing at the age of 30. Mandelblatt12 found that 
about 87% and about 98% of the benefits of lifetime screening were captured if 
screening ended at 65 years and 75 years of age, respectively.

Resources:

Straughn21 found that referral rate to colposcopy would be about three 
percentage points lower for biennial LBC screening with reflex HPV testing 
than for either annual conventional cytology or annual LBC screening with 
reflex HPV testing. Legood11 found that there was a trade-off between less 
frequent screenings and more colposcopy referrals. The study found the impact 
on colposcopies was lowest when HPV testing was restricted to those 35 years 
of age and older. Mandelblatt12 found similar results based on age. Maxwell15 
found that about 56% of women triaged by HPV testing were referred to 
colposcopy versus about 59% of those referred due to equivocal LBC results. 
Sherlaw-Johnson20 found that primary HPV testing screening would have 
higher rates of inappropriate colposcopy than the current strategy of LBC 
primary screening with repeat cytology for equivocal results.

The impact on doctors’ visits was considered by one study. In comparison 
to annual conventional cytology or LBC in general, Maxwell15 estimated the 
number of doctors’ visits would be lower under a strategy of LBC with HPV 
triage on a triennial basis. 

Considerations for Alberta context:

The relative cost-effectiveness of cervical cancer screening strategies in 
Alberta will be determined by a variety of community level variables that were 
specific and unique to our province. While not all may be anticipated and/or 
quantifiable, at least a couple of factors can be.

One factor that has a significant influence on whether or not HPV testing 
will be a cost-effective alternative in Alberta is the prevalence of high-risk 
HPV infection among the target population. The first four columns of Table 
5 below depict the age-specific prevalence rates of HPV infection that were 
used in studies that specified such rates. The last column depicts the estimated 
prevalence for the Canadian population. In most age groups, prevalence of 
high-risk HPV infection among Canadians was higher than that assumed in 
any of the studies. (The American prevalence rates noted in Section 1 were 
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much higher than the estimated Canadian rates in the table below.) The higher 
the prevalence rate, the more costly and more effective HPV testing will be 
because of its high sensitivity and the resulting higher volume of testing that 
will be conducted.28 Therefore, if prevalence rates in Alberta are indeed higher 
than those assumed in the reviewed studies, the cost-effectiveness of HPV 
testing may be higher than the studies suggest.

TABLE 5: AGE-SPECIFIC INCIDENCE OF HUMAN PAPILLOMAVIRUS INFECTION

APPROXIMATE 

AGE GROUPS

LEGOOD MITTENDORF MAXWELL MANDELBLATT* CANADA, 

ESTIMATED16

15 to 19 0.051–0.089 n/a 0.15–0.17 n/c 0.14–0.21

20 to 23 0.078–0.051 0.2 0.15–0.16 0.245 0.08–0.22

24 to 29 0.025 0.14 0.05 n/c

30 to 49 0.005 0.08–0.05 0.01 n/c 0.02–0.14

≥ 50 0.003 n/a 0.005 n/c 0.03–0.18

≥ 75 0.003 n/a 0.005 0.009 0.01–0.18

HPV testing 
was the most 
cost-effective 
strategy

Yes Yes No No

Notes: * Only extreme values were specified.

              n/c denotes not cited.

              n/a denotes not applicable.

              Other studies did not cite age-specific incidences.

Another factor that influences the cost-effectiveness of screening programs 
is the compliance rate with regard to screening, diagnosis, and treatment. 
When compliance rates are lower, HPV testing may be more cost-effective. 
Kim et al.,8 the study on which Goldie5 was based, found that HPV testing 
was no longer dominated by repeat cytology when attendance rates for repeat 
cytology dropped to 60%. The reason for the change in ranking was due to the 
fact that the cost saving related to losing patients to follow-up was greater than 
the loss related to clinical outcomes. As summarized in Table 6, only four of the 
10 studies reviewed assumed that women would not have perfect adherence 
to the screening recommendations. Three of the four studies found that HPV 
testing was the most cost-effective of strategies considered: the outlier being 
the only one of the four to consider HPV testing as a primary screening 
strategy. In Canada, about 79% of women 20 to 69 years of age had had a pap 
screen in the past three years; therefore, the cost-effectiveness of HPV testing 
in Alberta may be lower than the studies suggest. 

28 The higher the incidence of HPV infection, the more women will be selected for surveillance by HPV 
testing, which increases the cost of this strategy. 
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The economic modelling section takes into consideration the Alberta context, 
including the disparate influences on relative cost-effectiveness of the relatively 
higher prevalence of HPV infection and the lower compliance rate, to estimate 
the relative cost-effectiveness of cervical cancer strategies for our province.

TABLE 6: COMPLIANCE RATES

ARTICLE COMPLIANCE RATE TYPE HPV TESTING; WAS IT 
THE MOST COST-EFFECTIVE 
STRATEGY?

Goldie
5

100% Triage; No

Kim
9

UK: 84%; Netherlands: 80%; 
France: 60%; Italy: 70%

Triage; Yes

Kulasingam
10

100% Triage; Yes

Legood
11

Routine smear, 81%; repeat 
smear (age < 35), 79%, repeat 
smear (age > = 35), 85%; 
colposcopy (age < 35), 95%; 
colposcopy (age > = 35), 93%

Triage; Yes

Mandelblatt
12

80% (< 70) and 58.7% (> = 
70)

Primary screen; No

Maxwell
15

100% Triage; No

Mittendorf
14

100% Primary screen; Yes

Sheriff
19

100% Triage; Yes

Sherlaw-Johnson
20

85% Primary and triage; Yes

Straughn
21

100% Primary; Yes

Canada, attendance in 
past three years, women 
aged 20 to 69 years

79%

Other information

Roche Diagnostic has provided us with a cost of $30 for the Amplicor HPV 
test and $70 for the Linear Array, the genotyping test accepted by Health 
Canada. Roche confirms that volume discounts were provided if the assay was 
used as part of a provincial screening or triage program.

We can roughly estimate the demand for HPV testing per year. There 
were about 731,000 women aged 35 to 65 years of age. Assuming an 80% 
compliance rate and a 5 year screening interval, approximately 116,900 women 
could report for screening each year. 
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Conclusion

The main objective of this economic evaluation was to provide current 
information concerning HPV testing as a companion to, or a component 
of, LBC screening protocols. In order to achieve this objective, the current 
literature was reviewed on the cost-effectiveness of HPV testing as i) a primary 
screening tool, and ii) a triage tool for cytological equivocal results.

Ten studies were reviewed for this paper. HPV testing was the most cost-
effective of all the strategies considered in eight of the ten studies reviewed. In 
the two remaining studies, it was ranked second in cost-effectiveness, and could 
save more lives than the most cost-effective strategy.

It should be noted that none of the studies that were reviewed considered a) 
the infrastructure and training costs to set up and maintain widespread HPV 
testing and/or LBC screening, b) the impact on wait times for screening, 
diagnosis, and/or treatment, or c) the psychological impact that being tested 
for a sexually transmitted disease might have on compliance rates for HPV 
testing. These factors may well affect the relative cost-effectiveness of cervical 
cancer screening alternatives.

Along with other community-level factors, the actual cost-effectiveness 
of cervical cancer screening strategies in Alberta will be influenced by 
the prevalence of HPV infection among, and the adherence to, screening 
recommendations of the target population. Due to the various ways that 
parameters differ in Alberta from those assumed in the studies reviewed here, 
one cannot predict the cost-effectiveness of conventional cytology, LBC, and 
HPV testing. The economic modelling section takes into consideration these 
differences and estimates the relative cost-effectiveness for cervical cancer 
strategies for Alberta.

Based on the literature reviewed, HPV testing would seem to have the greatest 
potential to be cost-effective compared to cytology under four conditions:

—— first, if the price per HPV DNA test is very close to that for cytology

—— second, if the target population for HPV testing is over the age of 30 years, 
due to the high rate of HPV infection in younger women

—— third, if the screening interval can be extended to longer than three years 
without significant mortality effects

—— fourth, if HPV testing screening is used as a triage tool for equivocal results
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APPENDIX A: SEARCH STRATEGY
Selected databases were searched in March 2008 for cost-effectiveness studies 
related to HPV testing for cervical cancer. MEDLINE®, PubMed, EMBASE®, 
CRD Databases (NHS EED) Scopus, Econlit and Web of Science were 
searched along with the Cochrane Library. Please see Error! Reference source 
not found. for the detailed search strategy. Studies were selected for retrieval 
if they were i) written in English and their abstracts available, ii) included 
women undergoing routine primary screening for cervical cancer and iii) 
economic evaluations. The retrieved articles were selected for review if they i) 
were not based on pregnant women, self-collected cervical samples or women 
in developing countries, ii) did not focus on HPV vaccines. iii) were not case 
studies, narrative reviews, letters, editorials or articles identified as preliminary 
reports with their results published in later versions, iv) were not published in 
abstract form only (i.e. conference abstracts) or v) published after 2001.

Data Extraction

Extracted data from included studies were: country, objective, evaluation type 
(e.g., costing or cost-effective), timelines, study type (e.g., modeling or clinical), 
costing perspective (e.g., payer or societal), unit of output (e.g., cost per life year 
saved (LYS) or quality of life year saved (QALY)), type of HPV test (e.g., PCR 
or Hybrid Capture II), study results, and study conclusion.

Literature Search Summary

The search strategy outlined below retrieved articles published from 2002 to 
March 2008.

Medical Subject Headings (MeSH) terms relevant to this topic include: 
Papillomavirus Infections; DNA Probes, HPV; Uterine Cervical Diseases; Costs 
and Cost Analysis.

TABLE A.1: SEARCH STRATEGY

DATABASE EDITION OR DATE 
SEARCHED

SEARCH TERMS ††

The Cochrane Library

http://www.
thecochranelibrary.com

March 25, 2008 “hpv or papillomavirus or “papilloma virus” in 
Title, Abstract or Keywords and screen* or 
test* or smear* in Title, Abstract or Keywords 
and cervix or cervical or “atypical squamous 
cells” in Title, Abstract or Keywords, from 
2002 to 2008 in NHS Economic Evaluation 
Database”

PubMed

http://www.pubmed.gov

March 25, 2008 #1 hpv or papillomavirus or papilloma virus

#2 cervix or cervical or atypical squamous cells

#3 cost or costs or costing or economic*

#4 in process[sb] OR pubmednotmedline[sb] 
OR publisher[sb]

#5 #1 AND #2 AND #3 AND #4
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DATABASE EDITION OR DATE 
SEARCHED

SEARCH TERMS ††

CRD Databases  
(NHS EED)

March 25, 2008 #1 hpv or papilloma*

#2 cervix or cervical or “atypical squamous”

#3 #1 AND #2 Restrict Yr 2002 2008

EMBASE March 25,2008 1 exp papilloma virus/

2 (test$ or screen$ or smear$).mp.

3 1 and 2

4 ((hpv or papillomavirus or papilloma virus)  
 adj2 (test$ or screen$)).mp.

5 DNA Probe/

6 1 and 5

7 3 or 4 or 6

8 exp uterine cervix/

9 exp Uterine Cervix Cancer/

10 exp Uterine Cervix Disease/

11 Precancer/

12 Squamous Cell Carcinoma/

13 (11 or 12) and 8

14 or/9-10,13

15 7 and 14

16 economic evaluation/ or “cost benefit  
 analysis”/ or “cost effectiveness 
 analysis”/ or “cost minimization analysis”
 or “cost utility analysis”/

17 “cost of illness”/

18 (economic evaluat$ or economic  
 analys$ or economic study or economic 
 studies or economic assess$ or economic  
 consequence$).mp.

19 ((cost-benefit or benefit-cost or cost  
 effectiv$ or cost utili$) 
 adj2 (analys$ or evaluat$ or assess$ 
 or study or studies)).mp.

20 (cost minimization or cost minimisation or  
 cost consequence$ or cost offset$).mp.

21 ((cost or costs) adj2 analys$).mp.

22 (“cost of illness” adj4 (analys$ or  
 evaluat$ or assess$ or study or studies 
 or framework$)).mp.

23 (cost$ or economic$).ti.

24 or/16-23

25 (editorial or erratum or letter or note).pt.

26 15 and 24

27 26 not 25

28 limit 27 to yr=”2002 - 2008”

TABLE A.1: SEARCH STRATEGY (CONTINUED)
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DATABASE EDITION OR DATE 
SEARCHED

SEARCH TERMS ††

MEDLINE

(OVID interface)

March 25, 2008 1 exp Papillomaviridae/

2 exp Tumor Virus Infections/

3 exp Papillomavirus Infections/

4 or/1-3

5 (test$ or screen$).mp. [mp=title, original 
title, abstract, name of 

substance word, subject heading word]

6 4 and 5

7 ((hpv or papillomavirus) adj2 (test$ or 
screen$)).mp.

8 DNA Probes, HPV/

9 (HPV probe$ or HPV DNA or 
papillomavirus DNA).mp.

10 or/6-9

11 Cervical Intraepithelial Neoplasia/

12 exp Uterine Cervical Diseases/

13 exp Precancerous Conditions/

14 Cervix Uteri/

15 ((cervix or cervical) adj3 (cancer$ or 
carcinoma$ or neoplas$ or

 dysplasia or smear$ or screen$)).mp.

16 atypical squamous cell$.mp.

17 or/11-16

18 10 and 17

19 exp economics/

20 (economic$ or cost$).ti.

21 (economic evaluat$ or economic analys$ 
or economic study or 

economic studies or economic assess$ or 
economic consequence$).mp.

22 ((cost-benefit or benefit-cost or cost 
effectiv$ or cost utility) adj2 

(analys$ or evaluat$ or assess$ or study or 
studies)).mp.

23 (cost minimization or cost minimisation or 
cost consequence$ 

or cost offset$).mp.

24 ((cost or costs) adj2 analys$).mp.

25 (“cost of illness” adj4 (analys$ or evaluat$ 
or assess$ or study or 

studies or framework$)).mp.

26 or/19-25

27 18 and 26

28 (comment or editorial or letter).pt.

29 27 not 28

30 limit 29 to yr=”2002 - 2008”

TABLE A.1: SEARCH STRATEGY (CONTINUED)
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DATABASE EDITION OR DATE 
SEARCHED

SEARCH TERMS ††

EconLit March 2008 HPV or papilloma*

Web of Science March 25, 2008 Topic=(hpv or papillomavirus or “papilloma 
virus”) AND Topic=(cervix or cervical or 
“atypical squamous”) AND Title=(cost or costs 
or costing or economic*) AND Topic=(test* or 
screen* or smear* or probe*)

Timespan=2002-2008. Databases=SCI-
EXPANDED, SSCI, A&HCI.

March 25, 2008 (TITLE-ABS-KEY((hpv OR papillomavirus OR 
“papilloma virus”) AND (test* OR screen* OR 
smear* OR probe*) AND (cervix OR cervical 
OR “atypical squamous”)) AND TITLE(cost 
OR costs OR costing OR economic*)) AND 
PUBYEAR AFT 2001

TABLE A.1: SEARCH STRATEGY (CONTINUED)

IHE_HPV-V4.indd   181 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta182

APPENDIX B: PROGRESS THROUGH SELECTION 
OF POTENTIALLY RELEVANT STUDIES
Figure B.1 illustrates the selection of potentially relevant studies. Based on this 
search, 301 articles were captured. Of these, four were duplicates, 11 were not 
written in English, 38 were not based on a developed market economy, 69 
were about vaccines, 32 had no abstract and from the title did not appear to 
applicable, 126 were not cost-effectiveness studies, seven were based on atypical 
samples, two were not about HPV testing either as the sole primary test or as a 
triaging tool, one was presented in greater detail in a subsequent article, and one 
did not compare HPV testing to LBC or conventional cytology.

FIGURE B.1: PROGRESS THROUGH SELECTION OF POTENTIALLY RELEVANT 
STUDIES

Search of electronic databases = 301

11 were non-English publications

69 were conducted on vaccines

126 were not cost-effectiveness 
analysis

2 did not included HPV testing as 
primary or triage

1 did not compared HPV testing to 
LBC or conventional cytology

4 were duplicates

38 were conducted in countries 
with non-market economies

32 had no abstract and, from the 
title, did not appear topical

7 were based on atypical samples

1 was discussed in more detail 
in a later publication

Review of full text articles found 
10 meeting final inclusion criteria

2 studies evaluated HPV 
as a primary screen

1 study evaluated HPV as 
a primary screen and as a 
triaging tool

7 studies evaluated HPV 
as a triaging tool
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APPENDIX C: FUNDING AND COMPETING 
INTERESTS OF AUTHORS

Triage Tool selected to be the Most Cost-Effective

STUDY JOURNAL FUNDING AND 
COMPETING INTERESTS

Goldie, Kim, & Wright (2004)
5

Vaccine None acknowledged; however 
Wright revealed in Kim et al. 
(2001) that he was the principal 
investigator for clinical trials 
investigating HPV testing and 
LBC funded by Digene Corp 
and Cytyc Corp and has a 
position with Cytyc Corp  
and Tripath Inc.

Kim, Wright, & Goldie (2005)
8

Journal of the National  
Cancer Institute

Supported by the National 
Cancer Institute. Also, please 
see Goldie et al, 2004 above.

Kulasingam, Kim, Lawrence, 
Mandelblatt, Myers, Schiffman, 
Solomon, & Goldie (2006)

10

Journal of the National  
Cancer Institute

Some of the equipment and 
supplies were donated or 
provided at reduced cost by 
Digene Corporation, Cytyc 
Corporation, National Testing 
Laboratories, Denvu  
and TriPath Imaging.

Legood, Gray, Wolstenholme, & 
Moss (2006)

11
British Medical Journal Funded by the UK Department 

of Health. The authors declared 
that there were no  
competing interests.

Mandelblatt, Lawrence, 
Womack, Jacobson, Yi, Hwang, 
Gold, Barter, & Shah (2002)

12

JAMA The study was supported by 
National Institute on Aging and 
Department of the Army.

Maxwell, Carlson, Ochoa, Krivak, 
Rose and Myers (2002)

15
Obstetrics & Gynecology Not stated.

Mittendorf, Petry, Iftner, Greiner, 
& von der Schulenburg (2003)

14
European Journal  
of Health Economics

The trial was supported by an 
unrestricted grant from Digene 
Corporation to participating 
universities

Sherlaw-Johnson & Phillips, 
2004

20
British Journal of Cancer None acknowledged.

Sheriff, Petry, Ikenburg, Couse, 
Mazonson, & Santas (2007)

19
European Journal  
of Health Economics

Financial support for this study 
was provided by  
Roche Diagnostics.

Straughn, Numnum, Rocconi, 
Leath, & Partridge (2004)

21
Journal of Lower Genital  
Tract Disease

Not stated.

IHE_HPV-V4.indd   183 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta184

APPENDIX D: SUMMARY OF ORIGINAL STUDIES  
INVESTIGATING THE COST EFFECTIVENESS OF  
HPV DNA PRIMARY SCREENING
TABLE D.1: SUMMARY OF ORIGINAL STUDIES INVESTIGATING  
THE COST-EFFECTIVENESS OF HPV DNA PRIMARY SCREENING

AUTHOR/ YEAR/

COUNTRY

STUDY TYPE; TIME HORIZON; TYPE OF 

HPV TEST

COMPARATORS WITH HPV TESTING; 

SCREENING INTERVALS CONSIDERED.

AGE GROUP(S) INCLUDED; 

SAMPLE SIZE (N); COMPLIANCE 

RATE

TYPES OF COSTS OUTCOME

1. Mandelblatt et al.; 
2002;12 United States

Mathematical modeling; 1 year cycle 
(cross section); weighted average 
of polymerase chain reaction (PCR) 
and Hybrid

Capture II

Conventional cytology alone versus 
HPV testing alone1 every 
2 or 3 years.

Age 20 years until age 65, 75 
or death; n = 1,000,000; 80% 
(< 70) and 58.7% (> = 70).

Societal perspective: medical 
care (consumable supplies, 
personnel, laboratory, and 
procedure costs) and non-
medical care (patient time costs) 
direct costs.

HPV screening as the sole 
primary screening tool was 
dominated: the conventional 
cytology sole option, at the same 
screening interval, was found 
to be just as effective and less 
expensive. HPV as a primary 
testing tool was found to be too 
costly due to its impact on the 
colposcopy referral rate. If the 
price per test fell to $5, biennial 
HPV testing might be supported 
as a stand-alone  
screening strategy.

1. Mittendorf et al.; 
2003;14 Germany

Mathematical modeling; over 20 
years; Hybrid

Capture II manufactured by  
Digene Corp

Annual Conventional cytology alone 
versus primary HPV testing only; 
every 5 years.1

Age 25 years until at least age 
45; n = 400,000; 100%.3

Payer’s perspective: direct costs 
incurred by outpatient care, 
inpatient care, laboratory costs, 
and cost of the test.

Strategies involving HPV testing 
have higher life expectancies and 
lower costs than conventional 
cytology alone.

1. Sherlaw-Johnson, 
& Philips; 2004;20 
United Kingdom

Mathematical modeling; lifetime; 
Hybrid Capture II

No screening versus:

1) use of cytology for all women with 
reflex repeat cytology;

2) cytology with reflex HPV testing;

3) same as 1) for women 21 to 29 
years of age and use of HPV testing 
as the primary screening tool with 
LBC for triage2; every 3 and 5 years.

Ages 21 to 64 years; cohort 
of 15-year-olds;4 85%.

Payer’s perceptive: Screening 
and treatment costs as well as 
staff time. Future costs and life 
years were discounted at 3.5% 
per annum, along with assessing 
the consequences of no 
discounting and of discounting 
costs and life years at 6%  
per annum.

HPV testing triage with LBC 
and primary HPV testing with 
LBC triage would both be cost-
effective strategies if performed 
at five-year intervals. With a 
screening interval of five years, 
the lifetime percentage of women 
subjected to inappropriate 
colposcopies would be about 
39% for primary HPV testing 
with LBC triage, 10% for LBC 
with HPV testing triage, and 8% 
for repeat LBC.

1 The study also considered the use of HPV DNA and cytology as a combination primary screen. 

2 Those with abnormal cytological results were given a colposcopy referral. 

3 According to WHO, the coverage rate of screening in Germany for the 25 to 54 year old age group 
was 42 to 47% in 1997.24

4 The number of women in the cohort was not specified.
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APPENDIX D: SUMMARY OF ORIGINAL STUDIES  
INVESTIGATING THE COST EFFECTIVENESS OF  
HPV DNA PRIMARY SCREENING
TABLE D.1: SUMMARY OF ORIGINAL STUDIES INVESTIGATING  
THE COST-EFFECTIVENESS OF HPV DNA PRIMARY SCREENING

AUTHOR/ YEAR/

COUNTRY

STUDY TYPE; TIME HORIZON; TYPE OF 

HPV TEST

COMPARATORS WITH HPV TESTING; 

SCREENING INTERVALS CONSIDERED.

AGE GROUP(S) INCLUDED; 

SAMPLE SIZE (N); COMPLIANCE 

RATE

TYPES OF COSTS OUTCOME

1. Mandelblatt et al.; 
2002;12 United States

Mathematical modeling; 1 year cycle 
(cross section); weighted average 
of polymerase chain reaction (PCR) 
and Hybrid

Capture II

Conventional cytology alone versus 
HPV testing alone1 every 
2 or 3 years.

Age 20 years until age 65, 75 
or death; n = 1,000,000; 80% 
(< 70) and 58.7% (> = 70).

Societal perspective: medical 
care (consumable supplies, 
personnel, laboratory, and 
procedure costs) and non-
medical care (patient time costs) 
direct costs.

HPV screening as the sole 
primary screening tool was 
dominated: the conventional 
cytology sole option, at the same 
screening interval, was found 
to be just as effective and less 
expensive. HPV as a primary 
testing tool was found to be too 
costly due to its impact on the 
colposcopy referral rate. If the 
price per test fell to $5, biennial 
HPV testing might be supported 
as a stand-alone  
screening strategy.

1. Mittendorf et al.; 
2003;14 Germany

Mathematical modeling; over 20 
years; Hybrid

Capture II manufactured by  
Digene Corp

Annual Conventional cytology alone 
versus primary HPV testing only; 
every 5 years.1

Age 25 years until at least age 
45; n = 400,000; 100%.3

Payer’s perspective: direct costs 
incurred by outpatient care, 
inpatient care, laboratory costs, 
and cost of the test.

Strategies involving HPV testing 
have higher life expectancies and 
lower costs than conventional 
cytology alone.

1. Sherlaw-Johnson, 
& Philips; 2004;20 
United Kingdom

Mathematical modeling; lifetime; 
Hybrid Capture II

No screening versus:

1) use of cytology for all women with 
reflex repeat cytology;

2) cytology with reflex HPV testing;

3) same as 1) for women 21 to 29 
years of age and use of HPV testing 
as the primary screening tool with 
LBC for triage2; every 3 and 5 years.

Ages 21 to 64 years; cohort 
of 15-year-olds;4 85%.

Payer’s perceptive: Screening 
and treatment costs as well as 
staff time. Future costs and life 
years were discounted at 3.5% 
per annum, along with assessing 
the consequences of no 
discounting and of discounting 
costs and life years at 6%  
per annum.

HPV testing triage with LBC 
and primary HPV testing with 
LBC triage would both be cost-
effective strategies if performed 
at five-year intervals. With a 
screening interval of five years, 
the lifetime percentage of women 
subjected to inappropriate 
colposcopies would be about 
39% for primary HPV testing 
with LBC triage, 10% for LBC 
with HPV testing triage, and 8% 
for repeat LBC.

1 The study also considered the use of HPV DNA and cytology as a combination primary screen. 

2 Those with abnormal cytological results were given a colposcopy referral. 

3 According to WHO, the coverage rate of screening in Germany for the 25 to 54 year old age group 
was 42 to 47% in 1997.24

4 The number of women in the cohort was not specified.
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TABLE D.2: SUMMARY OF ORIGINAL STUDIES INVESTIGATING  
THE COST-EFFECTIVENESS OF HPV TESTING TRIAGE

Author/ Year/Country Study Type, Time horizon, Type of 
HPV test

Comparators with HPV testing/ 
Screening intervals considered.

Age group(s) included, sample 
size (n), Compliance rate

Types of costs Outcome

A. STUDIES THAT MODEL BOTH PRIMARY AND TRIAGE STAGES

1. Goldie et al.; 
2004;5 USA

Mathematical modeling; lifetime; 
Hybrid Capture II (Digene 
Diagnostics)

No screening versus: 

1) immediate colposcopy; 

2) cytology with HPV testing triage 
triggering an immediate colposcopy, 
if positive;

3) repeat cytology with additional 
cytology six and 12 months later, 
invoking a colposcopy referral for an 
abnormal cytology;

4) reclassifying ASC-US as normal;1 
every 1, 2, 3, and 4 years.

Age 18 until end of life, 
and 30 years and over; n = 
100,000; 100%.

Societal perspective: Direct 
medical costs for screening, 
treatment, and counselling, 
included costs associated 
with screening and treatment. 
Future costs and life years were 
discounted at an annual rate 
of 3%.

For women aged 30 years and 
more, the most cost-effective 
strategy would be conventional 
cytology every 4 years, but life 
expectancy would be lower 
than with the current strategy 
(annual conventional cytology). 
On the other hand, LBC with 
HPV testing as a triage strategy, 
the second most cost-effective 
strategy, would provide a greater 
reduction in cancer and be less 
costly than the current strategy.

1. Kim et al;

2005;9

United Kingdom, the 
Netherlands, France 
and Italy

Mathematical modeling; 1 year; 
Hybrid Capture II

No screening versus:

1) Conventional cytology for life;

2) conventional cytology for life with 
reflex HPV testing (LBC in Sensitivity 
Analysis); every 3 and 5 years.

UK—20 to 65 years; cohort 
size not specified; 84%; 
Netherlands—30 to 60 years; 
cohort size not specified; 
80%; 

France—25 to 66 years; cohort 
size not specified; 60%;

Italy—25 to 66 years; cohort 
size not specified; 70%.

Societal perspective: Direct 
medical (screening tests, 
treatment costs, staff time, and 
office visits) as well as  
patient time.

HPV testing has the potential to 
be more cost effective than the 
current strategy of  
conventional cytology.

1. Legood et al., 
2006;11

United Kingdom

Pilot study and mathematical 
modeling for long-term follow-up; 
lifetime; Hybrid Capture II (Digene)

Conventional cytology versus: 1) 
LBC only; 

2) LBC with HPV testing triage;2

3) Same as 2) but women less than 
35 years of age who initially tested 
positive, were not referred, and 
even if repeat tests were negative, 
recalled for a third combined test at 
12 months;

4) LBC and HPV reflex (as in 2) for 
women aged 35 or older, and LBC 
only for women under 35 (as in 1); 

5) LBC and HPV testing (as in 2) but 
no HPV testing in repeat tests; 

no variation of screening intervals 
(age 25 to 49, every 3-years; age 50 
to 64; every 5 years).

Age groups: 

25 to 34 years and 35 to 64 
years;

sample size not specified; 

routine smear, 81%; repeat 
smear (age < 35), 79%,

repeat smear (age > = 35), 
85%, 

colposcopy (age < 35), 95%;

colposcopy (age > = 35), 
93%.

Payer’s perspective: Screening 
test, colposcopy outpatients (no 
CIN); colposcopy and treatment 
for CIN, included treatment and 
palliative care. Life time and cost 
effects discounted at 3.5%.

LBC with HPV testing triage 
was both less expensive and 
more effective than liquid-
based cytology alone, at all 
screening intervals. Using human 
papillomavirus testing to triage 
women with mild or borderline 
cervical smear results was more 
expensive than repeat cytology, 
but saved slightly more lives. 
The average number of lifetime 
colposcopies would, however, 
increase somewhere between 
64% and 138%, depending on 
the age group screened.

Author/ Year/Country Study Type, Time horizon, Type of 
HPV test

Comparators with HPV testing/ 
Screening intervals considered.

Age group(s) included, sample 
size (n), Compliance rate

Types of costs Outcome
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TABLE D.2: SUMMARY OF ORIGINAL STUDIES INVESTIGATING  
THE COST-EFFECTIVENESS OF HPV TESTING TRIAGE

Author/ Year/Country Study Type, Time horizon, Type of 
HPV test

Comparators with HPV testing/ 
Screening intervals considered.

Age group(s) included, sample 
size (n), Compliance rate

Types of costs Outcome

A. STUDIES THAT MODEL BOTH PRIMARY AND TRIAGE STAGES

1. Goldie et al.; 
2004;5 USA

Mathematical modeling; lifetime; 
Hybrid Capture II (Digene 
Diagnostics)

No screening versus: 

1) immediate colposcopy; 

2) cytology with HPV testing triage 
triggering an immediate colposcopy, 
if positive;

3) repeat cytology with additional 
cytology six and 12 months later, 
invoking a colposcopy referral for an 
abnormal cytology;

4) reclassifying ASC-US as normal;1 
every 1, 2, 3, and 4 years.

Age 18 until end of life, 
and 30 years and over; n = 
100,000; 100%.

Societal perspective: Direct 
medical costs for screening, 
treatment, and counselling, 
included costs associated 
with screening and treatment. 
Future costs and life years were 
discounted at an annual rate 
of 3%.

For women aged 30 years and 
more, the most cost-effective 
strategy would be conventional 
cytology every 4 years, but life 
expectancy would be lower 
than with the current strategy 
(annual conventional cytology). 
On the other hand, LBC with 
HPV testing as a triage strategy, 
the second most cost-effective 
strategy, would provide a greater 
reduction in cancer and be less 
costly than the current strategy.

1. Kim et al;

2005;9

United Kingdom, the 
Netherlands, France 
and Italy

Mathematical modeling; 1 year; 
Hybrid Capture II

No screening versus:

1) Conventional cytology for life;

2) conventional cytology for life with 
reflex HPV testing (LBC in Sensitivity 
Analysis); every 3 and 5 years.

UK—20 to 65 years; cohort 
size not specified; 84%; 
Netherlands—30 to 60 years; 
cohort size not specified; 
80%; 

France—25 to 66 years; cohort 
size not specified; 60%;

Italy—25 to 66 years; cohort 
size not specified; 70%.

Societal perspective: Direct 
medical (screening tests, 
treatment costs, staff time, and 
office visits) as well as  
patient time.

HPV testing has the potential to 
be more cost effective than the 
current strategy of  
conventional cytology.

1. Legood et al., 
2006;11

United Kingdom

Pilot study and mathematical 
modeling for long-term follow-up; 
lifetime; Hybrid Capture II (Digene)

Conventional cytology versus: 1) 
LBC only; 

2) LBC with HPV testing triage;2

3) Same as 2) but women less than 
35 years of age who initially tested 
positive, were not referred, and 
even if repeat tests were negative, 
recalled for a third combined test at 
12 months;

4) LBC and HPV reflex (as in 2) for 
women aged 35 or older, and LBC 
only for women under 35 (as in 1); 

5) LBC and HPV testing (as in 2) but 
no HPV testing in repeat tests; 

no variation of screening intervals 
(age 25 to 49, every 3-years; age 50 
to 64; every 5 years).

Age groups: 

25 to 34 years and 35 to 64 
years;

sample size not specified; 

routine smear, 81%; repeat 
smear (age < 35), 79%,

repeat smear (age > = 35), 
85%, 

colposcopy (age < 35), 95%;

colposcopy (age > = 35), 
93%.

Payer’s perspective: Screening 
test, colposcopy outpatients (no 
CIN); colposcopy and treatment 
for CIN, included treatment and 
palliative care. Life time and cost 
effects discounted at 3.5%.

LBC with HPV testing triage 
was both less expensive and 
more effective than liquid-
based cytology alone, at all 
screening intervals. Using human 
papillomavirus testing to triage 
women with mild or borderline 
cervical smear results was more 
expensive than repeat cytology, 
but saved slightly more lives. 
The average number of lifetime 
colposcopies would, however, 
increase somewhere between 
64% and 138%, depending on 
the age group screened.

Author/ Year/Country Study Type, Time horizon, Type of 
HPV test

Comparators with HPV testing/ 
Screening intervals considered.

Age group(s) included, sample 
size (n), Compliance rate

Types of costs Outcome
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A. STUDIES THAT MODEL BOTH PRIMARY AND TRIAGE STAGES

1. Maxwell et al.; 
2002;15

United States

Mathematical modeling; lifetime, 
Hybrid Capture II

No Screening versus:

1) conventional cytology alone; 2) 
LBC alone;

3) LBC with HPV testing triage; 
every 1, 2, and 3 years.

Ages 18 to 85 years 
(n=100,000); 100%.

Payer’s Perspective: direct 
medical costs associated with 
screening, diagnosis, and 
treatment. No loss from work or 
transportation costs. Costs and 
life expectancy were discounted 
at a 3% annual rate.

Found:

1) more sensitive tests result in 
fewer cancer cases and deaths, 
but with more office visits within 
a given screening interval;

2) use of HPV testing triage 
consistently results in fewer 
visits, fewer cancer cases, and 
fewer cancer deaths than liquid-
based cytology alone, at every 
screening interval;

3) LBC with HPV testing triage 
results in fewer office visits, 
cancer cases and cancer deaths 
than conventional cytology 
performed at the next most 
frequent screening interval 
(LBC with HPV testing triage 
every 3 years was superior to 
conventional cytology every  
2 years).

1. Sherlaw-Johnson, 
& Philips; 2004;20

United Kingdom

Mathematical modeling; lifetime; 
Hybrid Capture II.

No screening versus :

1) use of cytology for all women 
with repeat cytology (current 
recommended policy); 2) cytology 
with reflex HPV testing;

3) same as 2) for women 21 to 29 
years of age, and use of HPV testing 
as the primary screening tool with 
LBC for triage;

those with abnormal cytological 
results were given a colposcopy 
referral, those with normal readings 
were given an HPV test in 6 months 
and, if LBC was clear and HPV was 
negative, they returned to routine 
screening; every 3 and 5 years.

Age 21 to 64 years; cohort of 
15-year olds; 85%.

Payer’s perceptive: Screening 
and treatment costs as well as 
staff time. Future costs and life 
years were discounted at 3.5% 
per annum, along with assessing 
the consequences of no 
discounting and of discounting 
costs and life years at 6%  
per annum

HPV testing triage with LBC 
and primary HPV testing with 
LBC triage would both be cost-
effective strategies if performed 
at 5-year intervals. HPV testing 
generated higher risks for 
unnecessary colposcopy referrals 
than any other strategy. About 
10% of women would have an 
unnecessary colposcopy over 
their lifetime if the screening 
strategy were with HPV testing 
triage with LBC. The percentage 
would be about 39% with a 
screening tool of primary HPV 
testing with LBC triage. For the 
non-HPV strategies, the highest 
percentage of inappropriate 
colposcopies would be 13%. The 
sensitivity analysis showed that 
the impact of HPV as a primary 
screening tool was  
relatively uncertain.

Author/ Year/Country Study Type, Time horizon, Type of 
HPV test

Comparators with HPV testing/ 
Screening intervals considered.

Age group(s) included, sample 
size (n), Compliance rate

Types of costs Outcome

TABLE D.2: SUMMARY OF ORIGINAL STUDIES INVESTIGATING THE  
COST-EFFECTIVENESS OF HPV TESTING TRIAGE (CONTINUED)

IHE_HPV-V4.indd   188 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta 189

A. STUDIES THAT MODEL BOTH PRIMARY AND TRIAGE STAGES

1. Maxwell et al.; 
2002;15

United States

Mathematical modeling; lifetime, 
Hybrid Capture II

No Screening versus:

1) conventional cytology alone; 2) 
LBC alone;

3) LBC with HPV testing triage; 
every 1, 2, and 3 years.

Ages 18 to 85 years 
(n=100,000); 100%.

Payer’s Perspective: direct 
medical costs associated with 
screening, diagnosis, and 
treatment. No loss from work or 
transportation costs. Costs and 
life expectancy were discounted 
at a 3% annual rate.

Found:

1) more sensitive tests result in 
fewer cancer cases and deaths, 
but with more office visits within 
a given screening interval;

2) use of HPV testing triage 
consistently results in fewer 
visits, fewer cancer cases, and 
fewer cancer deaths than liquid-
based cytology alone, at every 
screening interval;

3) LBC with HPV testing triage 
results in fewer office visits, 
cancer cases and cancer deaths 
than conventional cytology 
performed at the next most 
frequent screening interval 
(LBC with HPV testing triage 
every 3 years was superior to 
conventional cytology every  
2 years).

1. Sherlaw-Johnson, 
& Philips; 2004;20

United Kingdom

Mathematical modeling; lifetime; 
Hybrid Capture II.

No screening versus :

1) use of cytology for all women 
with repeat cytology (current 
recommended policy); 2) cytology 
with reflex HPV testing;

3) same as 2) for women 21 to 29 
years of age, and use of HPV testing 
as the primary screening tool with 
LBC for triage;

those with abnormal cytological 
results were given a colposcopy 
referral, those with normal readings 
were given an HPV test in 6 months 
and, if LBC was clear and HPV was 
negative, they returned to routine 
screening; every 3 and 5 years.

Age 21 to 64 years; cohort of 
15-year olds; 85%.

Payer’s perceptive: Screening 
and treatment costs as well as 
staff time. Future costs and life 
years were discounted at 3.5% 
per annum, along with assessing 
the consequences of no 
discounting and of discounting 
costs and life years at 6%  
per annum

HPV testing triage with LBC 
and primary HPV testing with 
LBC triage would both be cost-
effective strategies if performed 
at 5-year intervals. HPV testing 
generated higher risks for 
unnecessary colposcopy referrals 
than any other strategy. About 
10% of women would have an 
unnecessary colposcopy over 
their lifetime if the screening 
strategy were with HPV testing 
triage with LBC. The percentage 
would be about 39% with a 
screening tool of primary HPV 
testing with LBC triage. For the 
non-HPV strategies, the highest 
percentage of inappropriate 
colposcopies would be 13%. The 
sensitivity analysis showed that 
the impact of HPV as a primary 
screening tool was  
relatively uncertain.

Author/ Year/Country Study Type, Time horizon, Type of 
HPV test

Comparators with HPV testing/ 
Screening intervals considered.

Age group(s) included, sample 
size (n), Compliance rate

Types of costs Outcome
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A. STUDIES THAT MODEL BOTH PRIMARY AND TRIAGE STAGES

1. Straughn et al.; 
2004;21

United States

Mathematical modeling; 2 years, 
Hybrid Capture II.

Cost of :

1) conventional cytology and triage of 
conventional cytology repeat every 6 
months, after two ASC-US referred 
to colposcopy;

2) LBC each year, if ASC-US a reflex 
HPV, HPV+ to colposcopy, HPV- to 
routine screening;

3) LBC every other year, if ASC-US 
an HPV reflex, HPV+ to colposcopy, 
HPV- LBC in 12 months; 

every 1 and 2 years.

Age 18 to 65 years (n = 
100,000); 100%.

Payer’s perceptive: Direct 
medical costs of screening. 
Excludes colposcopy, biopsy, 
pathologic evaluation, and 
subsequent treatment.  
No discounting.

LBC with HPV testing triage 
with a two-year screening interval 
would be the least expensive 
option. Colposcopy referrals 
would decline from 15.2% to 
11.8% of the sample.

B. STUDIES THAT MODEL ONLY THE TRIAGE STAGE

Author/ Year/Country Study Type, Time horizon, Type of 
HPV test

Comparators with HPV testing/ 
Screening intervals considered.

Age group(s) included, sample 
size (n), Compliance rate

Type of costs Outcome

1. Kulasingam et 
al.; 2006;10 United 
States

Clinical Trial; 2 years; Hybrid  
Capture II.

Immediate colposcopy; repeat LBC, 
LBC with HPV DNA reflex test.

Age group: Under 30 years 
and age 30 and over (n = 
3488), with median age 27 
years (ALTS study); 100%.

Payer’s perspective: intermediate 
outcomes and direct medical 
costs of triage and diagnosing 
costs over a two year span.  
No discounting.

Repeat cytology was cheapest, 
but detected only about half  
the cancers.

1. Sheriff et al.; 
2007;19 Germany

Mathematical modeling; 1 year; 
Hybrid Capture II.

Current strategy of repeat 
conventional cytology versus HPV 
testing triage;b no variation from 
current interval.

Age not specified;  
n = 1000; 100%.

Payer’s perspective: Direct 
medical costs of screening and 
treatment. No discounting.

HPV testing triage more than 
doubles the detection rate of 
CIN2+ relative to repeat Pap 
and did so at a net decrease in 
the cost-per-case basis. Results 
were sensitive to  
HPV test pricing.

1 The study also considered the use of HPV DNA and cytology as a combination primary screen.

2 If HPV+, immediate colposcopy; if HPV-, recalled at six months for repeat cytology and HPV test.

TABLE D.2: SUMMARY OF ORIGINAL STUDIES INVESTIGATING THE COST-
EFFECTIVENESS OF HPV TESTING TRIAGE (CONTINUED)
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A. STUDIES THAT MODEL BOTH PRIMARY AND TRIAGE STAGES

1. Straughn et al.; 
2004;21

United States

Mathematical modeling; 2 years, 
Hybrid Capture II.

Cost of :

1) conventional cytology and triage of 
conventional cytology repeat every 6 
months, after two ASC-US referred 
to colposcopy;

2) LBC each year, if ASC-US a reflex 
HPV, HPV+ to colposcopy, HPV- to 
routine screening;

3) LBC every other year, if ASC-US 
an HPV reflex, HPV+ to colposcopy, 
HPV- LBC in 12 months; 

every 1 and 2 years.

Age 18 to 65 years (n = 
100,000); 100%.

Payer’s perceptive: Direct 
medical costs of screening. 
Excludes colposcopy, biopsy, 
pathologic evaluation, and 
subsequent treatment.  
No discounting.

LBC with HPV testing triage 
with a two-year screening interval 
would be the least expensive 
option. Colposcopy referrals 
would decline from 15.2% to 
11.8% of the sample.

B. STUDIES THAT MODEL ONLY THE TRIAGE STAGE

Author/ Year/Country Study Type, Time horizon, Type of 
HPV test

Comparators with HPV testing/ 
Screening intervals considered.

Age group(s) included, sample 
size (n), Compliance rate

Type of costs Outcome

1. Kulasingam et 
al.; 2006;10 United 
States

Clinical Trial; 2 years; Hybrid  
Capture II.

Immediate colposcopy; repeat LBC, 
LBC with HPV DNA reflex test.

Age group: Under 30 years 
and age 30 and over (n = 
3488), with median age 27 
years (ALTS study); 100%.

Payer’s perspective: intermediate 
outcomes and direct medical 
costs of triage and diagnosing 
costs over a two year span.  
No discounting.

Repeat cytology was cheapest, 
but detected only about half  
the cancers.

1. Sheriff et al.; 
2007;19 Germany

Mathematical modeling; 1 year; 
Hybrid Capture II.

Current strategy of repeat 
conventional cytology versus HPV 
testing triage;b no variation from 
current interval.

Age not specified;  
n = 1000; 100%.

Payer’s perspective: Direct 
medical costs of screening and 
treatment. No discounting.

HPV testing triage more than 
doubles the detection rate of 
CIN2+ relative to repeat Pap 
and did so at a net decrease in 
the cost-per-case basis. Results 
were sensitive to  
HPV test pricing.

1 The study also considered the use of HPV DNA and cytology as a combination primary screen.

2 If HPV+, immediate colposcopy; if HPV-, recalled at six months for repeat cytology and HPV test.
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LIST OF ACRONYMS
AHW — Alberta Health and Wellness

AGC — atypical glandular cells

ASCH — atypical squamous cells-cannot exclude HSIL 

ASCUS — atypical squamous cells of undetermined significance

CC — cervical cancer

CIN — cervical intraepithelial neoplasia

CUA — cost utility analysis

DAM — decision analytic modeling

GP — general practitioner

HPV — human papillomavirus

HSIL — high-grade squamous intraepithelial lesion 

HRQL — health related quality of life

ICER — incremental cost-effectiveness ratio

ICEP — incremental cost-effectiveness plane

LBC — liquid-based cytology

LSIL — low-grade squamous intraepithelial lesion

PAP — Papanicolaou test

QALY — quality adjusted life year

SE — standard error

WTP — willingness to pay
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SUMMARY

Objective

This subsection is intended to evaluate the costs and health benefits associated 
with alternative screening/testing strategies for cervical cancer (CC) in Alberta. 
Building upon the evidence presented in the previous sections of this STEP 
report, the economic analysis will elucidate, from a payer’s perspective, the cost 
and health impacts of proposed alternative CC screening/testing strategies  
for Alberta.

Methods

Screening Alternatives

TABLE 1: SCREENING ALTERNATIVES

ALGORITHM SCREENING TEST TRIAGE TEST FOLLOW-UP  
(6-MONTH 
INTERVALS)

PAP+PAP (CURRENT) PAP No triage PAP

PAP+HPV+PAP PAP HPV PAP

PAP+HPV+PAP-age PAP HPV if ≥ 30 years old

No triage if < 30 years 
old

PAP

LBC+HPV+LBC LBC HPV LBC

LBC+HPV+LBC-age LBC HPV if ≥ 30 years old

No triage if < 30 years 
old

LBC

HPV+LBC+HPV/LBC HPV LBC HPV/LBC 
Simultaneously

HPV+LBC+HPV/
LBC-age

HPV if ≥ 30 years old

LBC if < 30 years old

LBC if ≥ 30 years old

No triage if < 30 years 
old

HPV/LBC if ≥ 30 
years old

LBC if < 30 years old

Each alternative is evaluated at 1, 2, and 3 year screening intervals, thus 
evaluating a total of 21 screening/testing strategies. It is important to note that 
PAP+HPV+PAP-age and PAP+HPV+PAP were not included in the original 
analysis. After analyzing the results of the other alternatives, PAP+HPV+PAP-
age and PAP+HPV+PAP were identified as potentially providing a good 
balance in overall sensitivity (i.e., accuracy in detecting presence of condition) 
and specificity (i.e., accuracy in detecting absence of condition).

Analysis

A cohort simulation model was used to determine costs and outcomes of each 
screening alternative for girls 12 years of age followed until 80 years of age  
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(i.e., modelled over their lifetime). Inputs for the model parameters were 
derived primarily from Alberta sources, including screening coverage rates, CC 
incidence rates, CC mortality rates, and costs. Inputs for which Alberta data 
was unavailable were supplemented with estimates obtained from  
published research.

Cost components included Alberta costs of tests and Alberta resource  
costs (physician, hospital, and outpatient services) associated with  
diagnosis (colposcopy & biopsy), treatment (conisation, hysterectomy,  
pelvic lymphadenectomy, chemotherapy, and radiation), and palliative  
care. The primary measure of health outcome was quality adjusted life  
years gained (QALYs).

Key Findings

Value for money

—— PAP+HPV+PAP-age at a 3 year screening interval emerged as the 
most cost effective algorithms among the algorithms considered. 
PAP+HPV+PAP-age at a 3 year screening interval is cost effective  
because it is less costly and more effective than one year PAP+PAP  
saving $16,078 per additional QALY gained (i.e., per additional year  
of life lived in perfect health). 

—— The remaining alternatives were considered not good value for money for 
the following reasons:

 • HPV+LBC+HPV/LBC at all screening intervals is more costly and less 
effective than what is currently in Alberta. 

 • HPV+LBC+HPV/LBC-age at all screening intervals, with the current 
Alberta algorithm extended to 2 and 3 year screening intervals, would 
increase CC cases and deaths. 

 • LBC+HPV+LBC and LBC+HPV+LBC-age at all screening intervals 
and PAP+HPV+PAP or PAP+HPV+PAP-age at 1 and 2 year screening 
intervals were more effective, but also more costly. However the 
additional health gain would be considered too expensive by most cost-
effectiveness standards.

Resource implications

—— Identifying the resource implications to disparate health sectors is beyond 
the scope of the STEP analysis. However further analysis was conducted 
to provide deeper insight into the resource implications on the various 
health system sectors associated with cervical cancer screening.

—— The resource implications for PAP+HPV+PAP-age and LBC+HPV+LBC-
age at 3 year screening intervals, compared to the current Alberta CC 
screening/testing algorithm of PAP+PAP at 1 year screening intervals, are 
shown in Table 2.

IHE_HPV-V4.indd   197 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta198

TABLE 2: PERCENT CHANGE IN SPECIFIC COST COMPONENTS IF SWITCHING  
THE CURRENT ALBERTA STRATEGY OF PAP+PAP AT A 1 YEAR SCREENING 
INTERVAL TO EITHER PAP+HPV+PAP-AGE OR LBC+HPV+LBC-AGE AT A 3 YEAR 
SCREENING INTERVAL

COST CATEGORY 3YR-PAP+HPV+PAP-AGE 3YR-LBC+HPV+LBC-AGE

Testing 21% net decrease 20% net increase

Inpatient 1% net increase 1% net increase

Physician 16% net decrease 17% net decrease

Outpatient 28% net increase 28% net increase

Unnecessary Colposcopies/
Biopsies

66% net increase 69% net increase

Total 0.2% decrease 1.9% increase

Conclusion

There are trade offs in costs and improved health outcomes associated with 
each CC screening/testing algorithm. Identifying the CC screening/testing 
algorithm that provides the best balance between costs and improved health 
outcomes for women in Alberta requires careful consideration of which test 
is used (PAP, LBC, or HPV), at what stage in the screening/testing process 
(e.g., primary, triage, or follow-up), while taking into account age, risk, and 
the natural progression or regression of pre-cancerous lesions. Among the 
21 algorithms considered in this analysis, PAP+HPV+PAP-age at a 3 year 
screening interval emerges as the algorithm that provides the best value  
(i.e., health improvement) for money.

PAP+HPV+PAP-age at a 3 year screening interval is cost effective because it 
is less costly and more effective than PAP+PAP at a 1 year interval. Economic 
evidence supports replacing the current Alberta CC screening/testing 
algorithm with PAP+HPV+PAP-age at a 3 year interval, provided that clear 
guidelines are developed and continuing education is provided for clinicians.

Additional effectiveness (i.e., further reduction of CC cases and deaths) can 
be achieved over PAP+HPV+PAP-age at a 3 year interval with algorithms 
employing LBC as the primary screening test. However their additional costs 
are considered too expensive and not good value for money.

Regardless of which algorithm (if any) replaces one year PAP+PAP, it is critical 
that decision-makers be cognizant of:

—— the differential resource implications for testing, physician service, inpatient 
service and outpatient services,

—— the increase in the number of unnecessary referrals to colposcopy/biopsy.

INTRODUCTION AND OBJECTIVES
The Economic Evaluation component for the health technology review on 
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Human papillomavirus (HPV) testing is intended to evaluate the costs and 
health benefits associated with alternative screening/testing algorithms for 
cervical cancer (CC) in Alberta. Building upon the evidence presented in the 
previous sections of this STE report, the economic analysis will elucidate from 
a payer’s perspective the cost and health impacts of proposed alternative CC 
screening/testing algorithms for Alberta.

POLICY QUESTIONS
Six specific policy questions were to be addressed (where feasible) by the 
economic analyses that are listed below. These questions are primarily 
addressed through the process of conducting the economic evaluation. An 
economic analysis incorporates existing evidence around epidemiology, 
technology efficacy, and costs (e.g., question 1) to generate estimates of 
resulting costs and health outcomes (e.g., question 3). The specific policy 
questions are addressed in the following sections: 

1. Unit cost estimates, including physician billings, hospitalization, or facility 
operational costs, other service costs, and capital costs, for the procedure 
as well as related health services. 

 • Section—Model Inputs

2. Estimates of patient and public demand, including prevalence and 
incidence of condition(s); utilization rates of standard or alternative 
treatments, where data exist; and estimates of the use of the new 
technology, taking into account service capacity, where feasible, as well as 
appropriate clinical indicators for use. 

 • Section—Model Inputs

3. Costs of services avoided within a reasonable period of time. 

 • Section—Impact of Differential Timing.

4. Cost comparisons (effectiveness or utility analyses) of new technology in 
comparison to standard technology. 

 • Section—Incremental Cost-effectiveness

5. Total costs based on utilization estimates.

 • Section—Incremental Cost-effectiveness

6. Potential for transfer of service and funds from existing services being 
replaced or reduced in usage, as well the impact on the health system of 
such transfers, if possible. 

 • Section—Cost Attribution Analysis. Note that identifying the resource  
 implications to disparate health sectors is beyond the scope of the  
 STE analysis. Nevertheless, cost attribution analysis was conducted to  
 provide insights into the differential cost impact to disparate health  
 system budgets.
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ECONOMIC EVALUATION
Cost utility analysis (CUA) is an analytic approach for comparing the health 
benefits (measured in quality adjusted life years, or QALYs) and resource 
expenditures associated with competing health technologies. A CUA was 
conducted to evaluate the cost-effectiveness of the proposed alternative CC 
screening/testing algorithms.

Seven CC screening/testing algorithms are evaluated, with each differing by 
the type of test used in primary screening, triage testing, and patient follow-up 
and monitoring. Each algorithm was also evaluated at 1-, 2-, and 3-year routine 
screening intervals. Hence, a total of 21 CC screening/testing algorithms were 
evaluated in the analysis described below.

SCREENING AND TESTING PROTOCOLS

PAP+PAP (Current)

Women aged 18 to 69 years are routinely screened annually with a 
Papanicolaou test (PAP) (refer to Appendix A for flow diagram). Seven 
potential cytological results are obtainable from a PAP test (presented in order 
of increasing severity):

1) unsatisfactory specimen (i.e., specimen is insufficient for analysis)

2) negative

3) atypical squamous cells of undetermined significance (ASCUS)

4) low-grade squamous intraepithelial lesion (LSIL)

5) atypical squamous cells-cannot exclude HSIL (ASCH)

6) atypical glandular cells (AGC)

7) high-grade squamous intraepithelial lesion (HSIL) 

Women with unsatisfactory specimens are requested to have a repeat PAP test 
every 3 months until a satisfactory specimen is obtained, while women with 
negative results return to routine screening.

Women with ASCH, AGC, or HSIL are immediately referred to colposcopy 
and biopsy for histological assessment of the cervix. Based on the histological 
assessment, women with cervical intraepithelial neoplasia (CIN) (i.e., lesions) 
graded as CIN1 or less, receive another colposcopy and biopsy in 6 months 
and if the results are again graded as CIN1 or less they return to routine 
screening. Women with CIN graded greater than CIN1 (i.e., CIN2 or CIN3) 
have the CIN removed by a conisation procedure and receive a hysterectomy.

Women with ASCUS or LSIL are re-tested with a PAP smear test in 6 months. 
Women with an unsatisfactory specimen are requested to have a repeat PAP 
test every 3 months until a satisfactory specimen is obtained. Women with 
ASCUS or greater are immediately referred for colposcopy and biopsy, and 
follow the histological assessment described above. Women with negative 
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results are re-tested with a PAP smear test in 6 months and the follow-up 
process is repeated three times (over a total of 2 years of follow-up). Women 
who repeatedly test negative at the end of their 2 year follow-up return to 
routine screening.

PAP+HPV+PAP

The screening and testing protocol is identical to that of PAP+PAP with one 
exception (refer to Appendix A for flow diagram). Women with ASCUS are 
contacted to have a HPV DNA triage test to test for the presence of high-risk 
oncogenetic HPV (note that women return to the clinic to collect the sample). 
Women with negative results for high-risk HPV return to routine screening 
while women with positive results are immediately referred for colposcopy  
and biopsy.

PAP+HPV+PAP-age (Age Restriction)

The screening and testing protocol is identical to that of PAP+HPV+PAP, with 
one exception (refer to Appendix A for flow diagram). Only women 30 years of 
age or older who have ASCUS receive an HPV DNA triage test.

LBC+HPV+LBC

The screening and testing protocol is identical to that of PAP+HPV+PAP with 
two exceptions (refer to Appendix A for flow diagram). First, routine screening 
is conducted with liquid-based cytology (LBC). Second, women with LSIL are 
re-tested with LBC instead of PAP in 6 months.

LBC+HPV+LBC-age (Age Restriction)

The screening and testing protocol is identical to that of LBC+HPV+LBC 
with one exception (refer to Appendix A for flow diagram). Only women 30 
years of age or older who have ASCUS receive an HPV DNA triage test.

HPV+LBC+HPV/LBC

Women aged 18 to 69 years are routinely screened with HPV (refer to Appendix 
A for flow diagram). Women who test negative for high-risk oncogenetic HPV 
return to routine screening conducted every 3 years while women who test 
positive for high-risk oncogenetic HPV receive a LBC triage test.

Women with an unsatisfactory specimen are requested to have a repeat LBC 
test every 3 months until a satisfactory specimen is obtained. Women with 
negative results return to routine screening. Women with ASCH, AGC, or 
HSIL are immediately referred for colposcopy and biopsy, identical to that 
described for PAP+PAP, for histological assessment of their cervix.

Women with ASCUS or LSIL are re-tested with both LBC and HPV in 6 
months. Women who test negative for high risk oncogenetic HPV and who 
have a negative, unsatisfactory, ASCUS or LSIL result on LBC return to 
routine screening for repeat testing every 3 years. Women who test positive for 
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high-risk oncogenetic HPV and who have ASCH, AGC, or HSIL on LBC are 
immediately referred to colposcopy and biopsy for histological assessment of 
their cervix identical to that described for PAP+PAP. Women who test positive 
for high-risk oncogenetic HPV and who have a negative, unsatisfactory, 
ASCUS or LSIL result on LBC are re-tested with LBC and HPV in 6 months 
with the follow-up process repeated three times (for a total of 2 years of 
follow-up). Women who repeatedly test positive for high-risk oncogenetic HPV 
and who have a negative, unsatisfactory, ASCUS, or LSIL result on LBC, are 
re-tested with LBC at the end of their 2 year follow-up and are immediately 
referred to colposcopy and biopsy, identical to that described for PAP+PAP, for 
histological assessment of their cervix.

HPV+LBC+HPV/LBC-age (Age Restriction)

The screening and testing protocol is identical to HPV+LBC+HPV/LBC 
with the exception that only women 30 years of age or older receive an HPV 
DNA test for primary screening. Women younger than 30 years of age receive 
LBC+HPV+LBC.

ANALYSIS
Refer to Appendix B for essential background to understanding economic 
evaluations. The analytical approach was to develop a decision analytic Markov 
model to comparatively evaluate the 21 CC screening and testing algorithms 
over a women’s lifetime in terms of both costs and health outcomes. All 
analyses were conducted using Microsoft Excel 2003 and TreeAge Pro Suite 
(TREEAGE software Inc; Williamstown, MA).

The model was based on the progression of HPV and CC carcinogenesis 
illustrated in Figure 1. In the model, women initially start with no infection 
(that is, they are well) and as they increase in age they can acquire low-risk 
HPV (which will never develop into CC) or high-risk oncogenetic HPV (which 
can potentially develop into CC). CIN on the cervix can develop, which can 
range in severity from CIN1 to CIN2/3. Only CIN developed with a high-
risk oncogenetic HPV strain can potentially lead to CC. However, prior to 
CC, the condition can spontaneously regress to a lesser severity, or clear 
completely. Women who clear the HPV infection are assumed to develop an 
immunological response, thereby reducing their chance of future infection 
(note that previous economic models assumed an immunologic response).1

Each alternative screening and testing algorithm is applied to the epidemiologic 
model. Based on the characteristics of each test (i.e., sensitivity and specificity), 
and how they are applied in each algorithm, the testing and diagnostic outcomes 
for women as they naturally progress and regress in HPV infection over time are 
generated. For example, for women with no histological abnormalities (i.e., < 
CIN1), a result of ASCUS or worse on PAP or LBC is a false positive. However 
in subsequent years she may develop ≥ CIN1 and, if tested again, a result of 
ASCUS or worse on PAP or LBC is considered a true positive.
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However, if her ≥ CIN1 developed with a low-risk HPV strain (≥ CIN1-LR), 
and she was tested with HPV, a positive result is a false positive. Alternatively, 
if her CIN2/3 developed with a high-risk oncogenetic HPV strain  
(CIN2/3-HR), a positive result is a true positive. Therefore, the differences 
in the characteristics of each test, and in how each test is applied in each 
algorithm, will generate a different set of costs and health outcomes, and form 
the basis of the comparative analysis.

FIGURE 1: MODEL PROGRESSION OF HUMAN PAPILLOMAVIRUS  
AND CERVIX CARCINOGENESIS

HPV high risk CIN1 CIN2/3

Immunologic 
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Immunologic 
Response
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Cancer 
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MODEL
The target population was women residing in Alberta who are eligible for 
screening. The model starts with females 12 years of age in the well state (clear 
of infection), who are followed until age 80. Each cycle in the model represents 
1 year. Each year, age-dependent probabilities for death (all causes) and 
hysterectomy are applied, and these women are censored from further analysis 
(i.e., removed from the pool at risk). The remaining women either remain in 
their current health state or transition to another health state as illustrated in 
Figure 1.

Depending on the screening interval and the age of the women (screening does 
not begin until age 18), age-specific coverage rates are applied to determine 
the number of women who comply with primary screening. Women who 
are not screened continue to progress and regress into other states of health 
(Figure 1). Women who are screened also continue to progress and regress 
into other states of health, while progressing through the screening and testing 
algorithm. Progression through the screening/testing algorithm is dependent 
on the woman’s health status at the time the test was applied (i.e., well, 
CIN2/3, cancer), the sensitivity and specificities of the various tests, the specific 
testing algorithm, and the number of women who are not lost to follow-up 
(i.e., compliance). Furthermore, at 2 and 3 year screening intervals, women 
who are not screened (i.e., who are missed) return to routine screening using 1 
year screening intervals and 1 year coverage rates, given that these women are 
eligible to receive screening immediately.

Once CC develops, no regression to a better health state can occur, and in 
each year a cancer-specific mortality rate is applied (describing the progression 
of disease in the absence of any intervention). However, CC mortality rates 
differ between women with detected and treated cancers and women with 
undetected and untreated cancers. Treatment for cancer consists of conisation, 
hysterectomy, pelvic lymphadenectomy (removal of the pelvic lymph nodes), 
chemotherapy, and radiation. Women surviving for longer than 5 years after 
CC treatment are considered cured but do not return to routine screening.
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It is important to note that in the model, women who are not compliant with 
follow-up or women who receive two sequential unsatisfactory samples are 
assumed to return to routine screening. It is also assumed that colposcopy and 
biopsy is the diagnostic gold standard for confirming the presence and grade of 
CIN and the presence and severity of CC.

Model inputs (relates to policy questions 1 & 2)

Inputs for the model parameters were derived primarily from Alberta sources. 
Alberta-specific data used in the model included screening coverage rates, CC 
incidence rates, CC mortality rates (refer to model validation section), and costs 
(refer to cost outcomes section). Inputs for which Alberta data were unavailable 
were supplemented with estimates obtained from published research.

Table 1 shows the age-specific model inputs and their sources of valuation. 
Table 2 shows the non-age-specific model inputs and their sources of valuation. 
The standard error (SE) and distribution columns in these tables present 
additional information about the variability of the estimates, which are used in 
the sensitivity analysis.
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TABLE 1: AGE-SPECIFIC MODEL INPUTS

PARAMETER AGE (VALUES ARE PER 1000 POPULATION) REF

12 15 18 20 25 30 35 40 45 50 55 60 65 70 75 80

All cause mortality .18 .24 .37 .39 .39 .47 .74 1.0 1.5 2.5 3.2 6.1 10.3 16.4 26.5 43.1 1

All cause 
hysterectomy

0 0 0 0 0 7 13 29 35 92 84 86 144 137 126 127 §

Screening 
coverage,  
1 year

0 0 0 582 653 622 566 606 488 535 538 502 496 259 237 136 §

Screening 
coverage, 2 years

0 0 0 657 747 745 684 728 664 659 674 658 594 398 337 167 §

Screening 
coverage, 3 years

0 0 0 731 842 868 802 850 839 783 810 813 693 537 436 198 §

HPV incidence, 
high-risk

33 125 192 42 140 197 111 36 31 19 65 112 199 199 199 199 †

HPV incidence, 
low-riska

49 183 282 62 206 289 162 53 46 28 95 165 293 293 293 49 1

Cervical cancer 
incidence

0 0 0 .03 .14 .19 .17 .18 .12 .09 .13 .12 .15 .13 .003 .007 ‡

QALY  
well-health state

0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.93 0.93 0.92 0.92 0.91 0.91 0.91 0.91 0.88 1

Note: Values listed are approximate.

a. HR HPV incidence was scaled upwards based on HR:LR ratio from Krahn et al.1 

§ Canadian Community Health Survey Cycle 3.1  
http://www.statcan.ca/english/concepts/health/cycle3_1/overview.htm

† Calibrated to reflect Alberta epidemiology. Values were generated by iteratively re-calibrating  
age-specific high-risk HPV incidence rates until there was congruence between actual Alberta  
prevalence and model estimated prevalence of CC (see Appendix C).

‡ The Alberta Cancer Board Alberta Registry Database (Sept 2008).
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TABLE 2: MODEL INPUTS 

MODEL PARAMETERS INPUT SE DISTRIBUTION A REF

CC SCREENING 
PROGRAM

Screening follow-up 
participation rate

0.76 0.5–0.9 UNIFORM 1

NATURAL 
PROGRESSION OF HPV 
INFECTION

From HPV Low Risk Strain to:

CIN1 Low Risk Strain 0.028 0.01–0.046 UNIFORM

CIN2/3 Low Risk Strain (<35 
yrs old)

0.0035 0.001–0.006 UNIFORM

CIN2/3 Low Risk Strain (≥35 
yrs old)

0.0145 0.004–0.025 UNIFORM

Well/Clear 0.126 0.018–0.233 UNIFORM

From HPV High Risk Strain to:

CIN1 High Risk Strain 0.045 0.01–0.08 UNIFORM

CIN2/3 High Risk Strain(<35 
yrs old)

0.0035 0.001–0.006 UNIFORM

CIN2/3 High Risk Strain(≥35 
yrs old)

0.0145 0.004–0.025 UNIFORM

Well/Clear 0.126 0.018–0.234 UNIFORM

From CIN1 Low Risk Strain to

CIN2/3 Low Risk Strain 0.045 0.04–0.05 UNIFORM

HPV Low Risk Strain 0.101 0.085–0.116 UNIFORM

Well/Clear 0.325 0.11–0.54 UNIFORM

From CIN1 High Risk Strain to

CIN2/3 High Risk Strain 0.10 0.08–0.12 UNIFORM

HPV High Risk Strain 0.112 0.062–0.162 UNIFORM

Well/Clear 0.325 0.11–0.54 UNIFORM

From CIN2/3 Low Risk Strain

CIN1 Low Risk Strain 0.068 0.023–0.113 UNIFORM

HPV Low Risk Strain 0.02 0.01–0.03 UNIFORM

Well/Clear 0.002 0.001–0.003 UNIFORM

From CIN2/3 High Risk Strain

CIN1 High Risk Strain 0.017 0–0.034 UNIFORM 1
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MODEL PARAMETERS INPUT SE DISTRIBUTION A REF

CC SCREENING 
PROGRAM

HPV High Risk Strain 0.02 0.01–0.03 UNIFORM 1

Well/Clear 0.002 0.001–0.003 UNIFORM 1

From Cervical Cancer

Stage 1 to Stage 2 0.148 0.212–0.340 UNIFORM 3

Stage 2 to Stage 3 0.293 0.226–0.360 UNIFORM 3

Stage 3 to Stage 4 0.397 0.309–0.484 UNIFORM 3

Partial Immunity to HPV Low 
Risk after Clearance

0.61 0.32–0.90 UNIFORM 1

Partial Immunity to HPV High 
Risk after clearance

0.38 0.18–0.58 UNIFORM 1

a. Refers to the mathematical distribution assigned to incorporate the likelihood of possible values  
(i.e. inherent variance) of the input during model simulation. NONE means that input does not vary 
during model simulation. Distributions are fitted based on primary data. In general, parameters estimated 
from larger sample sizes generate smaller ranges of possible values (consistent with statistical theory). 
Therefore inputs with very small standard errors indicate they were fitted from large sample sizes.

MODEL PARAMETERS INPUT SE OR 
RANGE

DISTRIBUTION A REF

CHARACTERISTICS OF 
CERVICAL CANCER

Symptomatic Stage 1 0.144 0.109–0.179 UNIFORM 3

Symptomatic Stage 2 0.212 0.162–0.261 UNIFORM 3

Symptomatic Stage 3 0.504 0.399–0.609 UNIFORM 3

Symptomatic Stage 4 0.685 0.561–0.809 UNIFORM 3

Stage 1 Survival with Treatment b 0.997 0.993–1 UNIFORM 3

Stage 2 Survival with Treatment b 0.982 0.973–0.991 UNIFORM 3

Stage 3 Survival with Treatment b 0.831 0.771–0.890 UNIFORM 3

Stage 4 Survival with Treatment b 0.627 0.596–0.657 UNIFORM 3

Adjustment for Survival - without 
Treatment

0.03 — NONE §

TABLE 2: MODEL INPUTS (CONTINUED)
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CHARACTERISTICS OF 
SCREENING TESTS AND 
TREATMENT

PAP Sensitivity 0.74 0.055 BETA 1

When in Stage CIN1

ASCUS 0.364 — NONE 1

LSIL 0.461 — NONE 1

HSIL 0.1758 — NONE 1

When in Stage CIN2/3 or 
Invasive Cancer

ASCUS 0.173 — NONE 1

LSIL 0.244 — NONE 1

HSIL 0.583 — NONE 1

PAP Specificity 0.868 0.064 BETA 1

Has no Histological Abnormalities

False ASCUS 0.682 — NONE 1

False LSIL 0.242 — NONE 1

False HSIL 0.076 — NONE 1

Proportion of Inadequate 
Samples

0.0058 0.0001 BETA 1

LBC Sensitivity (difference 
between LBC–CC)

0.0643 0.064 NORMAL 1

When in Stage CIN1

ASCUS 0.364 — NONE 1

LSIL 0.461 — NONE 1

HSIL 0.176 — NONE 1

a. Refers to the mathematical distribution assigned to incorporate the likelihood of possible values (i.e. 
inherent variance) of the input during model simulation. NONE means that input does not vary during 
model simulation. Distributions are fitted based on primary data. In general, parameters estimated from 
larger sample sizes generate smaller ranges of possible values (consistent with statistical theory). 
Therefore inputs with very small standard errors indicate they were fitted from large sample sizes.

b. Original values were adjusted to generate Alberta-specific mortality rates during model validation. Final 
adjusted values are shown.

§ The Alberta Cancer Board Alberta Registry Database (Sept 2008). Derived by comparing women who 
received immediate initial treatment with women who whose initial treatment information show “none”, 
“refuse”, “unknown”, “observation” or missing in Alberta Cancer Registry databases. 

TABLE 2: MODEL INPUTS (CONTINUED)
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MODEL PARAMETERS INPUT SE OR 
RANGE

DISTRIBUTION A REF

When in Stage CIN2/3 or 
Invasive Cancer

ASCUS 0.173 — NONE 1

LSIL 0.244 — NONE 1

HSIL 0.583 — NONE 1

LBC Specificity -0.0402 UNIFORM 1

Has no Histological Abnormalities

False ASCUS 0.682

False LSIL 0.242

False HSIL 0.075

Proportion of Inadequate 
Samples

0.0024 0.0001 BETA 1

HPV Hybrid II

Sensitivity High Risk Strain ≥30 
years

0.948 0.020 BETA 4

Specificity High Risk Absence 
≥30 years

0.860 0.021 BETA 4

Specificity High Risk Absence 
≥30 years Sensitivity Ratio High 
Risk Strain <30 yearsb

1.03 0.036 GAMMA 4

Specificity Ratio High Risk 
Absence <30 yearsb

1.07 0.046 GAMMA 4

TREATMENT 
EFFECTIVENESS

LEEP Conisation 0.964 0.014 BETA 5

OUTCOMES–QUALITY 
ADJUSTED LIFE YEARS

Well/Clear (age-specific refer to 
table 1)

CIN1 0.91 — NONE 1

CIN2/3 0.87 — NONE 1

Cervical Cancer Stage 1 without 
treatment

0.65 0.49–0.81 UNIFORM 1

Cervical Cancer Stage 2 without 
treatment

0.67 0.44–0.90 UNIFORM 1

Cervical Cancer Stage 3 without 
treatment

0.56 0.42–0.70 UNIFORM 1

TABLE 2: MODEL INPUTS (CONTINUED)
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OUTCOMES–QUALITY 
ADJUSTED LIFE YEARS

Cervical Cancer Stage 4 without 
treatment

0.48 0.36–0.60 UNIFORM 1

Cervical Cancer Stage 1 with 
treatment

0.86 0.73–0.99 UNIFORM 1

Cervical Cancer Stage 2 with 
treatment

0.83 0.68–0.98 UNIFORM 1

Cervical Cancer Stage 3 with 
treatment

0.83 0.68–0.98 UNIFORM 1

Cervical Cancer Stage 4 with 
treatment

0.63 0.47–0.78 UNIFORM 1

Outcomes Discount Rate 0.03 — NA

COSTS

General Practitioner Visit $82.58 — NONE 6

Chest X -Ray $120 — NONE 6

Tests and Diagnostics

PAP (labour, equipment, supplies) $14.36 — NONE §

LBC (labour, equipment, 
supplies)

$22.00 — NONE †

HPV (labour, equipment, 
supplies)

$40.76 — NONE †

a. Refers to the mathematical distribution assigned to incorporate the likelihood of possible values (i.e. 
inherent variance) of the input during model simulation. NONE means that input does not vary during 
model simulation. Distributions are fitted based on primary data. In general, parameters estimated from 
larger sample sizes generate smaller ranges of possible values (consistent with statistical theory). 
Therefore inputs with very small standard errors indicate they were fitted from large sample sizes.

b. Sensitivity and specificity for women under 30 years of age is calculated by dividing the sensitivity and 
specificity for women ≥30 years of age by the ratio.

§ Personal Communication, Calgary Laboratory Services Accounting Records.

† Personal Communication, Capital Health Laboratories Planning Information.

MODEL PARAMETERS INPUT SE OR 
RANGE

DISTRIBUTION A REF

Colposcopy

Physician $50.42 $15.77 GAMMA *

Outpatientb $294.70 $191.97 GAMMA ***

Cone Biopsy

Physician $31.13 $11.40 GAMMA *

Outpatientb $270.72 $78.45 GAMMA ***

TABLE 2: MODEL INPUTS (CONTINUED)
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MODEL PARAMETERS INPUT SE OR 
RANGE

DISTRIBUTION A REF

Punch Biopsy

Physician $127.96 $31.29 GAMMA *

Outpatientb $276.01 $128.61 GAMMA ***

Proportion Conducted as Punch 0.85 — NONE *

CO2 laser therapy

Physician $119.25 $23.52 GAMMA *

Outpatientb $211.16 $178.28 GAMMA ***

Loop Electrical Excision 
Procedure (LEEP)

Physician $118.18 $13.30 GAMMA *

Outpatientb $295.52 $174.51 GAMMA ***

Proportion Conducted as LEEP 0.73 — NONE *

Chemotherapy

Physician $257.23 $245.38 GAMMA *

Outpatientb $13,800.33 $8,415.18 GAMMA ***

Radiation

Physician $374.05 $297.93 GAMMA *

Outpatientb $10,838.41 $8,374.97 GAMMA ***

Pelvic Lymphadenectomy

Physician $267.63 $122.26 GAMMA *

Outpatientb $7,314.70 $1,146.56 GAMMA ***

Hysterectomy

Physician $356.36 $173.19 GAMMA *

Outpatient $816.97 $488.08 GAMMA **

Inpatient $4,597.93 $2,655.69 GAMMA ***

Proportion done as Inpatient 0.45 — NONE ***

End of Life Cost for Cancer (1 yr 
prior to death)

$44,070 $22,035–
$88,140

UNIFORM 1

Cost Discount Rate 0.05 — NA

a. Refers to the mathematical distribution assigned to incorporate the likelihood of possible values (i.e., 
inherent variance) of the input during model simulation. NONE means that input does not vary during 
model simulation. Distributions are fitted based on primary data. In general, parameters estimated from 
larger sample sizes generate smaller ranges of possible values (consistent with statistical theory). 
Therefore, inputs with very small standard errors indicate they were fitted from large sample sizes.

TABLE 2: MODEL INPUTS (CONTINUED)
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b. None of the procedures were conducted on an inpatient basis in the data provided by AHW.

c. None of the procedures were conducted on an outpatient basis in the data provided by AHW.

*    Alberta Health and Wellness Physician Claims Data Base, 2004–2005. Values were adjusted to 
reflect 2007 Canadian dollars using the Consumer Price Index. 

**  Alberta Health and Wellness Ambulatory Care Classification System, 2004–2005. Values were 
adjusted to reflect 2007 Canadian dollars using the Consumer Price Index. 

*** Alberta Health and Wellness Discharge Abstracts Database, 2004–2005. Values were adjusted to 
reflect 2007 Canadian dollars using the Consumer Price Index.

COST OUTCOMES
All costs were made to reflect 2007 Canadian dollars and discounted at a rate 
of 5% (refer to Appendix B for essential background information). Testing costs 
were provided by Calgary Laboratory Services and Capital Health. Physician, 
outpatient, and inpatient costs for other diagnostic procedures and treatments 
were extracted from three Alberta provincial health ministry databases. All 
coding and calculations were conducted by AHW. Data was received on 
October 15, 2008.

The Alberta Physician Claims database provided information related to billing 
services and ministry payments to physicians for medically insured services 
in Alberta. For 2004–2005, physician cost data for procedures related to CC 
screening/testing were provided based on physician fee codes associated with 
CC screening/testing. However, for each service event, other procedures listed 
with the CC screening/testing procedures were recorded and an average cost 
calculated for the procedure, related to CC screening/testing. The objective 
was to obtain the most representative cost estimate for the services associated 
with CC screening/testing, and including other procedures listed ensured that 
the analysis accounted for physicians routinely conducting and billing for other 
services that accompanied the procedure of interest.

Physician fee codes were then used to identify procedures and costs related to 
CC screening/testing for outpatient and inpatient services, using a conversion 
table (developed by AHW) that translated the physician fee codes into their 
corresponding outpatient and inpatient service codes. The Alberta Discharge 
Abstracts database provided cost information related to hospital inpatient 
procedures, while the Ambulatory Care Classification database provided cost 
information related to outpatient procedures for 2004–005. In both databases, 
for each service event, other procedures listed with the CC screening/testing 
procedures were recorded and an average cost calculated for the procedure, 
related to CC screening/testing. 

HEALTH OUTCOMES
Health outcomes included QALYs, CC cases, and CC deaths. QALY is a 
measure that is important for assessing the impact of health interventions in 
terms of their overall impact on health-related quality of life (HRQL) (refer to 
Appendix B for further details).

IHE_HPV-V4.indd   214 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta 215

It is worth mentioning that economic evaluations of CC screening/testing 
algorithms published elsewhere often use life years as the primary measurement 
for assessing health outcomes. However, life years ignore the differences in 
quality of life associated with particular health states. For instance, there is 
certainly a higher HRQL associated with having pre-cancerous lesions than 
with having CC. Yet a year of life with pre-cancerous lesions and a year of 
life with CC are equivalent when using life years as the primary measure of 
health outcomes. Given that QALYs capture the differences in HRQL between 
health states over time, they provide a better measurement of the overall health 
impact between the CC screening/testing algorithms evaluated.

In addition, CC cases, CC deaths, and QALY are inter-related in that a greater 
number of CC cases will be positively associated with a greater number of CC 
deaths, with both contributing to reduce the total number of QALYs. Thus, 
QALYs were used as the primary measurement for assessing cost effectiveness 
(i.e., the comparative analysis of costs and health outcomes) between the 
alternative screening/testing algorithms. QALYs were discounted at a rate of 
3%. The discount rate for health outcomes is less than the discount rate for 
costs because future health has been shown to be valued more highly than 
future costs.

Criteria for cost-effectiveness

Our analysis will identify the differences in costs and health outcomes between 
the 21 alternative CC screening and testing algorithms. The criteria for 
concluding that an alternative is cost-effective are as follows:

—— Alternatives that are both more costly and less effective compared to other 
alternatives are dominated and are considered NOT cost-effective. These 
are eliminated from further consideration.

—— Alternatives that are less costly and less effective compared to other 
alternatives are not dominated but are still considered NOT cost-effective 
because they would increase CC cases and deaths. That is, from a CC 
screening policy perspective, alternatives that generate greater CC cases 
and deaths are unacceptable alternatives. These are eliminated from  
further consideration.

—— Alternatives that are less costly and more effective compared to other 
alternatives are dominant and are considered cost-effective. These are 
included for further consideration.

—— Alternatives that are both more costly and more effective are not dominant 
and their cost-effectiveness is uncertain:

 • Within these alternatives there can be a situation of extended  
 dominance. That is, among these alternatives there are some alternatives  
 that are more cost efficient than others. Alternatives that are dominated  
 by extension are not considered cost-effective and are excluded from  
 further consideration.
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 • For the remaining alternatives that are not dominated by extension,  
 cost-effectiveness is dependent on whether decision-makers deem the  
 additional effectiveness to be worth the additional costs.

Model validation

The decision analytic Markov model is fundamentally based on the underlying 
epidemiology associated with the natural progression of HPV and CC 
carcinogenesis. Alberta-specific epidemiologic data included CC incidence, CC 
prevalence, and aggregated CC mortality. No information was available on the 
incidence of HPV infection, and age-specific, high-risk HPV incidence rates 
were derived from the published Canadian literature.1

Alberta-specific incidence rates for high-risk oncogenetic HPV infection were 
generated by re-calibrating HPV incidence (obtained from the literature) to 
match CC prevalence generated by the model to actual Alberta CC prevalence 
data. This process was conducted iteratively under the current Alberta 
screening/testing algorithm (i.e., 1yr-PAP+PAP) until the estimated age-specific 
CC prevalence rates from the model matched closely with the actual CC 
prevalence rates of Alberta (refer to Appendix C for further details). Figure 2 
shows the comparison of CC prevalence rates between the model and actual 
Alberta data.

Although Alberta-specific CC mortality information was available, it did not 
differentiate the increased risk in mortality as CC increased in severity (i.e., 
Stage 1 CC versus Stage 4 CC). Stage-specific CC mortality rates were derived 
from the published Canadian literature.1 Obtaining Alberta-specific mortality 
rates was generated by re-calibrating stage-specific CC mortality rates to match 
the CC mortality rates generated from the model to the aggregate Alberta-
specific CC mortality data (refer to Appendix C for further details).
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FIGURE 2: COMPARISON OF CERVICAL CANCER PREVALENCE RATES BETWEEN 
ACTUAL PREVALENCE AND MODEL ESTIMATED PREVALENCE UNDER CURRENT 
ALBERTA CERVICAL CANCER SCREENING PROTOCOLS

Note: Actual Prevalence Rates were derived from the Alberta Cancer Board Alberta Registry Database. 
Model estimated prevalence was generated by iteratively re-calibrating age–pecific high-risk HPV 
incidence rates until there was congruence between actual prevalence and model estimated prevalence 
of cervical cancer.

Sensitivity analysis

Parameter uncertainty

Decisions should be based solely on expected values and not on the uncertainty 
of making an incorrect decision, given that decisions must be made with 
current available evidence. Still, it is important to provide information regarding 
the degree of variability (i.e., uncertainty) in potential costs and effectiveness 
to enable decision-makers to evaluate the credible range of potential costs and 
outcomes. Therefore, a probabilistic sensitivity analysis was conducted using 
6000 Monte Carlo simulations to generate the distribution of potential costs 
and the effectiveness associated with each CC screening/testing algorithm 
(refer to Appendix B for necessary background information). 

Impact of differential timing (relates to policy question 3)

The timing of costs and health outcomes associated with each CC screening/
testing algorithm differed over time, and were discounted to standardize future 
costs and outcomes to a common period (refer to Appendix B for necessary 
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background information). To determine whether discounting affected the 
results of the economic evaluation, in a separate sensitivity analysis the model 
was simulated assuming a discount rate of 0% for both costs and outcomes  
(i.e., future costs and outcomes are valued as if they had happened  
in the present).

COST ATTRIBUTION ANALYSIS
Alternative health technologies have differential resource implications to 
disparate health sectors (e.g., costs of tests and physician, inpatients, and 
outpatient services). There were systematic modifications to the 21 alternative 
CC screening/testing algorithms that should result in a systematic pattern in 
cost outcomes. Analyzing these differences and identifying their causes (i.e., 
cost attributing) provides additional insights into the resource implications on 
disparate health sectors affected by CC screening/testing.

It is important to note that identifying the resource implications to disparate 
health sectors is beyond the scope of the STEp analysis. Nevertheless, 
differentiating the resource implications of each alternative on disparate health 
sectors from their total system impact is important for elucidating to decision-
makers how available alternatives potentially impact the various sectors of the 
health system that are relevant to the technology in question. Information that 
helps to identify the health sectors that experience a cost increase or decrease 
is useful for planning and strategizing around next steps.

Accordingly, a cost attribution analysis was conducted to differentiate the 
resource implications to testing, physician, inpatient, and outpatient services 
between the alternative screening/testing algorithms. The number of 
unnecessary colposcopies/biopsies was also included to determine whether 
there were differences in efficiencies in terms of referrals to these procedures. 
The number of unnecessary colposcopies/biopsies was not discounted.

Unnecessary colposcopy was defined in two ways. The first involves being 
referred to colposcopy/biopsy without having any CIN (i.e. < CIN1). The 
second involves being referred to colposcopy/biopsy without having CIN2/3-
HR. This second definition was included for two reasons: 1) only high-risk 
oncogenetic HPV strains can lead to CC; and 2) women with CIN1-LR 
or CIN1-HR eventually return to routine screening without any medical 
intervention.

RESULTS
All costs are expressed in 2007 Canadian dollars. All results are per patient.

Economic evaluation

Costs

Within each screening interval, compared to PAP+PAP, algorithms 
incorporating HPV as the primary screening test for women older than 30 
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years of age were associated with lower total costs. Algorithms incorporating 
LBC or PAP as the primary screening test with HPV DNA triage testing and 
algorithms incorporating HPV as the primary screening test regardless of age 
were associated with higher total costs (Table 3). Restricting HPV testing to 
women aged 30 years or older, and lengthier intervals between screenings, 
reduced total costs.

Effectiveness

Within each screening interval, compared to PAP+PAP, algorithms 
incorporating HPV as the primary screening test were associated with lower 
total QALYs and greater CC cases and deaths. This was followed by algorithms 
incorporating HPV DNA triage testing with PAP primary screening, and 
algorithms incorporating LBC for primary screening.

Compared to no age restriction, restricting HPV testing to women aged 30 
years or older improved total QALYs and decreased CC cases and deaths only 
in algorithms incorporating HPV as the primary screening test. Lengthier 
intervals between screenings were associated with reducing total QALYs and 
increasing CC cases and deaths.

TABLE 3: LIFETIME (12–80 YEARS OF AGE) COSTS AND OUTCOMES PER 
INDIVIDUALINCREMENTAL COST-EFFECTIVENESS (RELATES TO POLICY 
QUESTIONS 4 & 5) 

SCREENING & TESTING 
ALGORITHMS

SCREEN 
INTERVAL

TOTAL 
COST

QALY CANCERS × 10-4

CASES DEATHS

PAP + PAP follow (current) 1 $1606 26.472 19.3 4.7

PAP + HPV triage + PAP follow 1 $1984 26.483 17.5 4.1

PAP + HPV triage + PAP follow 
age

1 $1801 26.481 17.9 4.2

LBC + HPV triage + LBC follow 1 $2071 26.484 16.5 3.7

LBC + HPV triage + LBC follow 
age

1 $1877 26.481 17.0 3.9

HPV + LBC triage + HPV/LBC 
follow

1 $2028 26.423 32.5 9.8

HPV + LBC triage + HPV/LBC 
follow age

1 $1438 26.442 28.2 8.3

PAP + PAP follow 2 $1475 26.469 20.3 5.1

PAP + HPV triage + PAP follow 2 $1809 26.480 18.4 4.4

PAP + HPV triage + PAP follow 
age

2 $1648 26.477 18.9 4.5

LBC + HPV triage + LBC follow 2 $1884 26.480 17.4 4.0
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LBC + HPV triage + LBC follow 
age

2 $1715 26.478 17.9 4.1

HPV + LBC triage + HPV/LBC 
follow

2 $1932 26.422 32.7 9.9

HPV + LBC triage + HPV/LBC 
follow age

2 $1362 26.440 28.8 8.5

PAP + PAP follow 3 $1385 26.468 20.9 5.3

PAP + HPV triage + PAP follow 3 $1686 26.479 19.0 4.6

PAP + HPV triage + PAP follow 
age

3 $1541 26.4765 19.4 4.7

LBC + HPV triage + LBC follow 3 $1754 26.479 17.9 4.2

LBC + HPV triage + LBC follow 
age

3 $1601 26.477 18.4 4.3

HPV + LBC triage + HPV/LBC 
follow

3 $1862 26.421 32.6 9.9

HPV + LBC triage + HPV/LBC 
follow age

3 $1303 26.437 29.0 8.6

Note: Costs are discounted at a rate of 5%. QALYs are discounted at a rate of 3%. Cancer cases and 
deaths are not discounted.

Incremental cost-effectiveness (relates to policy questions 4 & 5)

Figure 2a shows the relative cost-effectiveness between the 21 CC screening/
testing algorithms evaluated. All comparisons are relative to the current Alberta 
screening/testing algorithm of 1yr-PAP+PAP.

—— Algorithms that were more costly and less effective (dominated by 1yr-
PAP+PAP), and are eliminated from further consideration, are:

 • 1, 2, and 3yr-HPV+LBC+HPV/LBC

—— Algorithms that were less costly and less effective (and were eliminated 
from further consideration due to increasing cancer cases and deaths – 
refer to Criteria for Cost-Effectiveness Section) are: 

 • 1, 2, and 3yr-HPV+LBC+HPV/LBC-age

 • 2 and 3yr-PAP+PAP

—— Algorithms that were less costly and more effective (dominates 1yr-
PAP+PAP, and included for further consideration) are:

 • 3yr-LBC+HPV+LBC-age

 • 3yr-PAP+HPV+PAP-age

—— Algorithms that were more costly and more effective (included for further 

TABLE 3: LIFETIME (12–80 YEARS OF AGE) COSTS AND OUTCOMES PER 
INDIVIDUAL (CONTINUED)
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consideration because additional costs are potentially worth the additional 
health improvement) are:

 • 1, 2 and 3yr-LBC+HPV+LBC

 • 1 and 2yr-LBC+HPV+LBC-age

 • 1, 2 and 3yr-PAP+HPV+PAP

 • 1 and 2yr-PAP+HPV+PAP-age

Figure 2b shows the incremental cost-effectiveness ratios between algorithms 
that remained for further consideration. The bolded straight line represents the 
cost-efficiency curve because it is the path that includes the alternatives with 
the lowest associated ICER (i.e., the most cost-efficient path to the alternative 
that produces the greatest effectiveness).

—— Algorithms that do not lie on the cost-efficiency curve are excluded from 
further consideration because they are dominated by algorithms on the 
cost-efficiency curve (i.e., there are other algorithms that will provide equal 
effectiveness at a cheaper cost – refer to Criteria for Cost-Effectiveness 
Section). These are:

 • 2 and 3yr-PAP+HPV+PAP

 • 2yr-PAP+HPV+PAP-age

 • 2 and 3yr-LBC+HPV+LBC

 • 1, 2, and 3yr-LBC+HPV+LBC-age

—— Of the algorithms that lie on the cost efficiency curve:

 • 3yr-PAP+HPV+PAP-age will save $16,078 per additional QALY gained

 • 1yr-PAP+HPV+PAP-age will cost $58,512 per additional QALY gained

 • 1yr-PAP+HPV+PAP will cost $86,266 per additional QALY gained

 • 1yr-LBC+HPV+LBC will cost $127,076 per additional QALY gained
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FIGURE 2A: COST-EFFECTIVENESS OF ALTERNATIVE CERVICAL CANCER 
SCREENING AND TESTING ALGORITHMS

PAP: PAP+PAP (CURRENT) LBC: LBC+HPV+LBC HPV: HPV+LBC+HPV/LBC 
PAPHPV: PAP+HPV+PAP LBCage: LBC+HPV+LBC-age HPVage: HPV+LBC+HPV/LBC-age 
PAPHPVage: PAP+HPV+PAP-age
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FIGURE 2B: COST EFFICIENCY CURVE OF ALTERNATIVE CERVICAL CANCER 
SCREENING AND TESTING ALGORITHMS

PAP:  PAP+PAP (CURRENT) LBC: LBC+HPV+LBC                 

PAPHPV: PAP+HPV+PAP  LBCage: LBC+HPV+LBC-age          

PAPHPVage: PAP+HPV+PAP-age

Sensitivity analysis

Parameter uncertainty

Figure 3 shows the distribution of incremental costs and outcomes on the 
incremental cost-effectiveness plane between 1yr-PAP+PAP and the 21 
alternative screening/testing algorithms. Simulations falling in the Northwest 
quadrant are more costly and less effective. Simulations falling in the Northeast 
quadrant are more costly and more effective. Simulations falling in the 
Southeast quadrant are less costly and more effective. Simulations falling in the 
Southwest quadrant are less costly and less effective.

—— For 2 and 3yr-PAP+PAP, simulation results ranged between the Southwest, 
Northwest, and Southeast quadrants. However, over 98% of simulations 
were in the Southwest quadrant. 

—— For 2 and 3yr-PAP+HPV+PAP, simulation results ranged between the 
Southwest, Northwest, and Southeast quadrants. However, over 84% of 
simulations were in the Northeast quadrant. For 1yr-PAP+HPV+PAP, 
simulation results ranged between Northwest and Southeast quadrants. 
However, over 62% of simulations were in the Northeast quadrant.
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—— For 1, 2, and 3yr-PAP+HPV+PAP-age, simulation results ranged between 
all four quadrants. However, for 1 and 2yr-PAP+HPV+PAP-age, over 
97% and 59% were in the Northeast quadrant respectively. For 3yr-
PAP+HPV+PAP-age, over 22% were in the Northeast quadrant while 63% 
were in the Southeast quadrant.

—— For 1, 2, and 3yr-LBC+HPV+LBC, simulation results ranged between all 
four quadrants. However, for 1 and 2yr-LBC+HPV+LBC, over 99% and 
94% of simulations were in the Northeast quadrant respectively. For 3yr-
LBC+HPV+LBC, over 77% were in the Northeast quadrant while 18% 
were in the Southeast quadrant.

—— For 1, 2, and 3yr-LBC+HPV+LBC-age, simulation results ranged between 
all four quadrants. However, for 1 and 2yr-LBC+HPV+LBC-age, over 
99% and 81% of simulations were in the Northeast quadrant respectively. 
For 3yr-LBC+HPV+LBC-age, 44% were in the Northeast quadrant while 
45% were in the Southeast quadrant.

—— For 1, 2, and 3yr-HPV+LBC+HPV/LBC, simulation results ranged 
between the Northwest and Southwest quadrants. However, over 88% of 
simulations were in the Northwest quadrant. 

—— For 1, 2, and 3yr-HPV+LBC+HPV/LBC-age, over 99% of simulations 
were in the Northwest quadrant.

Note: 6,000 Monte Carlo Simulations were conducted for each screening/testing algorithm. For each simulation, incremental costs and effectiveness were 
calculated between the current Alberta screening/testing algorithm and the other 21alternative screening/testing algorithms being considered. The graph 
illustrates the percentage of simulations falling in each quadrant (NW, NE, SE, SW) on the incremental cost-effectiveness plane. Costs and outcomes are 
discounted at 5% and 3% respectively.

PAP: PAP+PAP (CURRENT)           LBC: LBC+HPV+LBC                              HPV: HPV+LBC+HPV/LBC                          PAPHPV: PAP+HPV+PAP
LBCage: LBC+HPV+LBC-age          HPVage: HPV+LBC+HPV/LBC-age        PAPHPVage: PAP+HPV+PAP-age
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FIGURE 3: DISTRIBUTION OF INCREMENTAL COSTS & OUTCOMES OF 
ALTERNATIVE CERVICAL CANCER SCREENING & TESTING ALGORITHMS 
COMPARED TO THE CURRENT ALBERTA SCREENING ALGORITHM (1YR-PAP+PAP)

Note: 6,000 Monte Carlo Simulations were conducted for each screening/testing algorithm. For each 
simulation, incremental costs and effectiveness were calculated between the current Alberta screening/
testing algorithm and the other 21alternative screening/testing algorithms being considered. The graph 
illustrates the percentage of simulations falling in each quadrant (NW, NE, SE, SW) on the incremental 
cost-effectiveness plane. Costs and outcomes are discounted at 5% and 3% respectively.

PAP: PAP+PAP (CURRENT)   LBC: LBC+HPV+LBC HPV: HPV+LBC+HPV/LBC 
PAPHPV: PAP+HPV+PAP

LBCage: LBC+HPV+LBC-age    HPVage: HPV+LBC+HPV/LBC-age 
PAPHPVage: PAP+HPV+PAP-age

Note: 6,000 Monte Carlo Simulations were conducted for each screening/testing algorithm. For each simulation, incremental costs and effectiveness were 
calculated between the current Alberta screening/testing algorithm and the other 21alternative screening/testing algorithms being considered. The graph 
illustrates the percentage of simulations falling in each quadrant (NW, NE, SE, SW) on the incremental cost-effectiveness plane. Costs and outcomes are 
discounted at 5% and 3% respectively.

PAP: PAP+PAP (CURRENT)           LBC: LBC+HPV+LBC                              HPV: HPV+LBC+HPV/LBC                          PAPHPV: PAP+HPV+PAP
LBCage: LBC+HPV+LBC-age          HPVage: HPV+LBC+HPV/LBC-age        PAPHPVage: PAP+HPV+PAP-age
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Impact of differential timing (relates to policy question 3)

Figure 4a shows the relative cost-effectiveness between the 21 CC screening/
testing algorithms evaluated when not discounting costs or outcomes. The 
results are similar to those when discounting, with the following exceptions:

1. 1yr-HPV+LBC+HPV/LBC-age is no longer less costly and less effective, 
but is rather more costly and less effective than 1yr-PAP+PAP.

2. 3yr-LBC+HPV+LBC-age is no longer less costly and more effective than 
1yr-PAP+PAP, but is rather more costly and more effective. 

3. 3yr-PAP+HPV+PAP-age remains less costly and more effective than 1yr-
PAP+PAP, but there is less of a cost decrease. 

4. The relative costs between algorithms have also shifted impacting 
the cost-efficiency curve. The cost-efficiency curve now consists of 
3yr-PAP+HPV+PAP-age followed by 3yr-LBC+HPV+LBC-age, 3yr-
LBC+HPV+LBC, and 1yr-LBC+HPV+LBC with ICER of $787, $51,634, 
$61,168, and $94,997 per additional QALY gained, respectively (Figure 4b).

FIGURE 4A: COST-EFFECTIVENESS OF ALTERNATIVE CERVICAL CANCER 
SCREENING AND TESTING ALGORITHMS WITH NO DISCOUNTING

PAP: PAP+PAP (CURRENT) LBC: LBC+HPV+LBC HPV: HPV+LBC+HPV/LBC
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FIGURE 4B: COST EFFICIENCY CURVE OF ALTERNATIVE CERVICAL CANCER 
SCREENING AND TESTING ALGORITHMS WITH NO DISCOUNTING

PAP: PAP+PAP (CURRENT) LBC: LBC+HPV+LBC PAPHPV: PAP+HPV+PAP

LBCage: LBC+HPV+LBC-age PAPHPVage: PAP+HPV+PAP-age

COST ATTRIBUTION  
(RELATES TO POLICY QUESTION 6)
Figure 5 shows the incremental costs, respectively, between current and 
alternative algorithms that were equally effective as or more effective than 1yr-
PAP+PAP (Figure 2b), separated into four cost categories—testing, physician, 
inpatient, outpatient—and the number of unnecessary colposcopies/biopsies 
under the two specified definitions. The results below are undiscounted results 
because discounted and undiscounted results were similar (refer to Appendix 
D for discounted results) and undiscounted costs better represent actual 
cost impacts. The figures also show the number of unnecessary referrals to 
colposcopy/biopsy for each algorithm. Note that the percent change reflects 
the overall difference between algorithms taken over the time period of the 
analysis (girls were followed from age 12 through to 80 years of age).

59.418          59.423          59.428          59.433          59.438         59.443         59.448          59.453

$7,800

$7,600

$7,400

$7,200

$7,000

$6,800

$6,600

$6,400

$6,200

$6,000

Lifetime (12–80 years) QALYs per Individual (0% discount)

Li
fe

tim
e 

(1
2–

8
0 

ye
ar

s)
 C

os
ts

 p
er

 In
di

vi
du

al
 (0

%
 d

is
co

un
t)

A straight line connecting any 
two alternatives represents their 
ICER. The bolded straight lines 
represent the cost efficiency 
curve because it is the path that 
includes the alternatives with 
the lowest associated ICER.

PAPHPVage 3yr
-$787 per QALY

$51,634 per QALY 
LBCage 3yr

$119,347 per QALY 
PAPHPV 3yr

$234,008 per QALY PAPHPVage 2yr

$274,213 per QALY LBCage 2yr

$61,163 per QALY 
LBC 3yr

$190,363 per QALY PAPHPV 2yr

Extended Dominance

$310,317 per QALY LBC 2yr

$105,080 per QALY 
LBCage 1yr

PAPHPVage 1yr 
$124,681 per QALY

PAPHPV 1yr 
$110,384 per QALY

$94,997 per QALY 
LBC 1yr 

PAP 1yr 
(CURRENT)

IHE_HPV-V4.indd   227 09/09/10   7:59 AM



Human papillomavirus (HPV) Testing in Alberta228

Resource implications

—— 3yr-PAP+HPV+PAP-age will generate a net cost decrease of 0.2%. 
However, the net cost decrease is completely driven by a reduction in 
testing and physician costs of 21.2% and 15.6% respectively. There is 
a cost increase of 1.5% and 28.2% in inpatient services and outpatient 
services respectively. There is an increase in the number of unnecessary 
colposcopies/biopsies of 31.3% when defined as procedures done on 
women having no CIN and 33.5% when defined as procedures done on 
women having < CIN2/3-HR.

—— 3yr-LBC+HPV+LBC-age will generate a cost increase of 1.9%. Although 
there is a net cost decrease of 16.6% in physician services, it is not enough 
to offset the net cost increase of 21.1% in testing, 0.8% in inpatient services, 
and 28.3% in outpatient services. There is an increase in the number of 
unnecessary colposcopies/biopsies of 68.7% when defined as procedures 
done on women having no CIN and 33.5% when defined as procedures 
done on women having < CIN2/3-HR.

—— 3yr-PAP+HPV+PAP will generate a net cost increase of 4.4%. Although 
there is a net cost decrease of 18.4% and 13% in testing and physician 
services respectively, it is not enough to offset the net cost increase of 1.3% 
in inpatient services and 38% in outpatient services. There is an increase in 
the number of unnecessary colposcopies/biopsies of 75.8% when defined 
as procedures done on women having no CIN and 42.2% when defined as 
procedures done on women having < CIN2/3-HR.

—— 3yr-LBC+HPV+LBC will generate a net cost increase of 5.7%. Although 
there is a net cost decrease of 14.8% in physician services, it is not enough 
to offset the net cost increase of 21.3% in testing, 1% in inpatient services, 
and 38.3% in outpatient services. There is an increase in the number of 
unnecessary colposcopies/biopsies of 77.7% when defined as procedures 
done on women having no CIN and 44.8% when defined as procedures 
done on women having < CIN2/3-HR.

—— 2yr-PAP+HPV+PAP-age will generate a net cost increase of 4.7%. 
Although there is a net cost decrease of 9.2% and 6.2% in testing and 
physician services respectively, it is not enough to offset the net cost 
increase of 1.7% in inpatient services and 32.5% in outpatient services. 
There is an increase in the number of unnecessary colposcopies/biopsies 
of 70.1% when defined as procedures done on women having no CIN and 
34.9% when defined as procedures done on women having < CIN2/3-HR.

—— 2yr-LBC+HPV+LBC-age will generate a cost increase of 6.8%. Although 
there is a net cost decrease of 7.1% in physician services, it is not enough 
to offset the net cost increase of 28% in testing, 1.3% in inpatient services, 
and 32.8% in outpatient services. There is an increase in the number of 
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unnecessary colposcopies/biopsies of 72.1% when defined as procedures 
done on women having no CIN and 37.3% when defined as procedures 
done on women having < CIN2/3-HR.

—— 2yr-PAP+HPV+PAP will generate a net cost increase of 9.3%. Although 
there is a net cost decrease of 6.7% and 3.8% in testing and physician 
services respetively, it is not enough to offset the net cost increase of 1.8% 
in inpatient services and 42% in outpatient services. There is an increase in 
the number of unnecessary colposcopies/biopsies of 78.4% when defined 
as procedures done on women having no CIN and 45.8% when defined as 
procedures done on women having < CIN2/3-HR.

—— 2yr-LBC+HPV+LBC will generate a net cost increase of 10.7%. Although 
there is a net cost decrease of 5.4% in physician services, it is not enough 
to offset the net cost increase of 29.1% in testing, 1.5% in inpatient services 
and 42.5% in outpatient services. There is an increase in the number of 
unnecessary colposcopies/biopsies of 80.1% when defined as procedures 
done on women having no CIN and 48.4% when defined as procedures 
done on women having < CIN2/3-HR.

—— 1yr-PAP+HPV+PAP-age will generate a net cost increase of 10.7%. There 
is a net cost increase of 4.2%, 4%, 2.2% and 37.5% in testing, physician, 
inpatient services, and outpatient services, respectively. There is an increase 
in the number of unnecessary colposcopies/biopsies of 81.2% when 
defined as procedures done on women having no CIN and 39.3% when 
defined as procedures done on women having < CIN2/3-HR.

—— 1yr-LBC+HPV+LBC-age will generate a net cost increase of 12.9%. There 
is a net cost increase of 36.9%, 4.8%, 1.8% and 37.9% in testing, physician, 
inpatient services, and outpatient services respectively. There is an increase 
in the number of unnecessary colposcopies/biopsies of 75.7% when 
defined as procedures done on women having no CIN and 41.7% when 
defined as procedures done on women having < CIN2/3-HR.

—— 1yr-PAP+HPV+PAP will generate a net cost increase of 15.2%. There is 
a net cost increase of 6.5%, 5.5%, 2.3% and 46.7% in testing, physician, 
inpatient services, and outpatient services respectively. There is an increase 
in the number of unnecessary colposcopies/biopsies of 81.2% when 
defined as procedures done on women having no CIN and 50.2% when 
defined as procedures done on women having < CIN2/3-HR.

—— 1yr-LBC+HPV+LBC will generate a net cost increase of 16.8%. There 
is a net cost increase of 37.8%, 7%, 1.9% and 47.4% in testing, physician, 
inpatient services, and outpatient services respectively. There is an increase 
in the number of unnecessary colposcopies/biopsies of 82.7% when 
defined as procedures done on women having no CIN and 52.8% when 
defined as procedures done on women having < CIN2/3-HR.
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a. Unnecessary colposcopy is defined in two ways. 1) A procedure done when the woman does not have 
any histological abnormalities (i.e. < CIN1) or 2) A procedure done when the woman does not have any 
histological abnormalities lower than CIN2-3 caused by high-risk HPV (i.e., < CIN2-3HR).

PAPHPV:PAP+HPV+PAP  PAPHPVage: PAP+HPV+PAP-age  LBC: LBC+HPV+LBC   
LBCage: LBC+HPV+LBC-

FIGURE 5: PERCENT CHANGE (COMPARED TO 1YR-PAP+PAP) IN UNDISCOUNTED 
COSTS FOR ALTERNATIVES WITH EQUAL OR BETTER EFFECTIVENESS THAN  
1YR-PAP+PAP BY COST CATEGORY
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DISCUSSION

VALUE FOR MONEY (RELATES TO POLICY 
QUESTIONS 4 & 5)
Costs and health outcomes were evaluated between 21 alternative CC 
screening/testing algorithms for Alberta. After eliminating the algorithms that 
were not cost-effective or that were unacceptable from a cancer screening 
program policy perspective, four alternatives remained for final consideration 
(presented in order of increasing effectiveness): 

—— 3yr-PAP+HPV+PAP-age

—— 1yr-PAP+HPV+PAP-age

—— 1yr-PAP+HPV+PAP

—— 1yr-LBC+HPV+LBC

Compared to the current Alberta CC screening/testing algorithm of 1yr-
PAP+PAP, 3yr-PAP+HPV+PAP-age was less costly and more effective. Switching 
from 1yr-PAP+PAP to 3yr-PAP+HPV+PAP-age would generate an improvement 
in HRQL of 0.0041 per women (41 additional years of perfect health per 10,000 
women over their lifetimes) while saving $66 per woman (decrease costs by 
$66,000 per 10,000 women over their lifetimes). At the margin, this translates in 
saving $16,078 per additional QALY gained, per woman, for the Alberta health 
system. Thus, 3yr-PAP+HPV+PAP-age is cost-effective.

To achieve the subsequent levels of effectiveness would require switching 
to 1yr-PAP+HPV+PAP-age followed by 1yr-PAP+HPV+PAP and 1yr-
LBC+HPV+LBC. At the margin, this would translate in costing $58,512, 
$86,266 and $127,076 per additional QALY gained, per woman, for the Alberta 
health system. Whether these are cost-effective is dependent on whether 
decision-makers deem the additional health gain to be worth the additional 
cost. That is, whether the value of one additional year of life in perfect health is 
worth at least $58,512, $86,266, and $127,076, respectively, to decision-makers. 
Nonetheless, these ICERs do exceed the conventional cost-effectiveness 
thresholds suggested in the health economic literature (e.g. ≥ $50,000 per 
additional QALY gained), and are considered too expensive and not cost-
effective using conventional standards.

Insights from cost attribution analysis

The cost attribution analysis provides additional information that is not 
required within the scope of the STEP analysis. A cost attribution analysis 
was conducted to provide deeper insight into the resource implications on the 
various sectors of the health system that are associated with CC screening/
testing algorithms if 1yr-PAP+PAP were to be replaced with one of the 
alternative algorithms.

There are differential and systematic resource impacts to testing, physician, 
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inpatient services, and outpatient services, and in the number of unnecessary 
referrals to colposcopy/biopsy associated with these algorithms. These 
systematic differences reveal important information regarding their resource 
implications to each cost category.

Unnecessary referrals to colposcopy/biopsy compared  
to 1yr-PAP+PAP

There was an associated increase in the number of unnecessary referrals to 
colposcopy/biopsy for LBC+HPV+LBC and PAP+HPV+PAP.

—— For LBC+HPV+LBC, this is attributed to LBC having a lower specificity 
than PAP. Lower specificity will result in a greater volume of false positives 
referred for confirmatory testing with colposcopy/biopsy.

—— For PAP+HPV+PAP, this is attributed to the majority of the population 
either being clear of infection or having high-risk HPV without CIN 
(according to the epidemiologic model). 

 • For women clear of infection, the lower specificity of HPV DNA will  
 result in a greater number of false positives referred for confirmatory  
 testing with colposcopy/biopsy. 

 • For women with high-risk HPV, the high sensitivity of HPV DNA will  
 result in the detection of more women who are true positive for  
 high-risk HPV who are then are referred for confirmatory testing  
 with colposcopy/biopsy. However, because they do not have CIN,  
 confirmatory testing with colposcopy/biopsy provides limited benefit.

—— Restricting HPV DNA testing for triaging women older than 30 years 
of age, and increasing the screening interval, decreased the number of 
unnecessary referrals. However, restricting age was a more important 
driver than increasing the screening interval due to HPV having a higher 
specificity in women older than 30 years of age.

 • Thus, 3yr-PAP+HPV+PAP-age was associated with the lowest number  
 of unnecessary referrals followed by 2yr-PAP+HPV+PAP-age, 3yr- 
 PAP+HPV+PAP, 2yr-PAP+HPV+PAP, 1yr-PAP+HPV+PAP-age and  
 1yr-PAP+HPV+PAP. This is the same for LBC+HPV+LBC.

Outpatient services compared to 1yr-PAP+PAP

There was an associated cost increase in outpatient services for 
LBC+HPV+LBC and PAP+HPV+PAP. Outpatient costs are driven by services 
related to colposcopy/biopsy and conisation (Table 2). Outpatient-related 
services were associated with the greatest cost increase compared to inpatient 
and physician related services.

—— For LBC+HPV+LBC, this is attributed to LBC having a higher sensitivity 
and lower specificity than PAP, resulting in a higher number of true and 
false positive test results leading to referral for confirmatory testing,  
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with colposcopy/biopsy and conisations performed on women with 
confirmed results of CIN2/3 or greater.

—— For PAP+HPV+PAP, this is attributed to the high sensitivity of HPV DNA 
in detecting high-risk HPV resulting in a higher number of true positive 
test results leading to referral for confirmatory testing, with colposcopy/
biopsy and conisations performed on women with confirmed results of 
CIN2/3 or greater.

—— Restricting HPV DNA testing for triaging women older than 30 years 
of age and increasing the screening interval decreased the number of 
unnecessary referrals. However restricting age was a more important 
driver than increasing the screening interval due to HPV having a higher 
specificity in women older than 30 years of age.

 • Thus, 3yr-PAP+HPV+PAP-age was associated with the lowest increase  
 in outpatient service costs followed by 2yr-PAP+HPV+PAP-age, 3yr- 
 PAP+HPV+PAP, 2yr-PAP+HPV+PAP, 1yr-PAP+HPV+PAP-age and  
 1yr-PAP+HPV+PAP. This is the same for LBC+HPV+LBC.

Testing services compared to 1yr-PAP+PAP

Resource implications to testing services varied.

—— The volume of initial tests (i.e., at primary screening) is equivalent 
between all algorithms at a 1 year screening interval, but there is an 
increase in appropriate and inappropriate follow-up testing (discussed 
above) associated with LBC. However, there is no increase in the number 
of women referred for follow-up from HPV DNA triage testing given 
that positive tests are immediately referred to colposcopy/biopsy while 
negative results are referred back to routine screening.

—— There was an increase in costs for all algorithms incorporating 
LBC+HPV+LBC. This is attributed to the combination of  
conducting primary and follow-up testing with a more expensive  
test (LBC is more expensive than PAP), adding HPV DNA testing  
for triaging, and referring greater numbers of women for and during 
follow-up with LBC (LBC is more sensitive and less specific than PAP 
resulting in higher volumes of true and false positive test results that are 
referred for and during follow up testing). 

 • At 1 year screening intervals there is no reduction in the number of  
 primary screening tests conducted, but there is the combined effect of  
 having a higher cost per test, adding HPV DNA testing, and increasing  
 the volume of follow up testing. Thus, costs for testing services are  
 greatest at 1 year screening intervals. 

 • At 2 and 3 year screening intervals, there is a reduction in the number  
 of tests conducted at primary screening but this is not enough to offset  
 the combined effect of having a higher cost per LBC test, adding HPV  
 DNA testing, and increasing the volume of follow-up testing. Thus, even  
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 at 2 and 3 year screening intervals there is a net cost increase in testing services. 

 • Restricting age for HPV DNA testing only impacts testing services when  
 the exclusion of women leads to the conducting of fewer HPV DNA  
 triage tests. HPV DNA triage testing has no impact on the number of  
 women referred for follow-up (refer to information above).

—— There was a decrease in costs for algorithms incorporating 
PAP+HPV+PAP at 2 and 3 year screening intervals. There is a cost 
increase attributed to adding HPV DNA testing for triaging, but there is no 
increase in the volume of women referred for follow-up from HPV DNA 
triage testing (refer to information above). 

 • At 1 year screening intervals there is no decrease in the number of tests  
 at primary screening, and there is a cost increase that is totally attributed  
 to adding HPV DNA triage testing to the algorithm.

 • At 2 and 3 year screening intervals the decrease in the number of tests  
 conducted at primary screening outweighs the cost addition of adding  
 HPV DNA triage testing to the algorithm, thus there is a net cost  
 decrease in testing services. 

 • Restricting age for HPV DNA testing only impacts testing services by  
 excluding women, leading to the conducting of fewer HPV DNA triage  
 tests. HPV DNA triage testing has no impact on the number of women  
 referred for follow-up (refer to information above).

Physician services compared to 1yr-PAP+PAP

Resource implications for physician related services varied. 

—— The volume of initial physician visits (i.e., at primary screening) is 
equivalent between all alternatives at a 1 year screening interval, but there 
is an increase in both appropriate and inappropriate follow-up (associated 
with LBC) and in confirmatory testing (associated with LBC and HPV, as 
discussed above) and treatment services (discussed above).

—— There was a decrease in costs for algorithms at 2 and 3 year 
screening intervals. 

 • This is attributed to the fact that fewer physician visits at initial  
 screening outweigh the increase in physician services for follow-up/ 
 confirmatory testing (i.e., physicians conducting up testing, colposcopies,  
 and biopsy) and treatment (i.e., physicians performing conisations,  
 hysterectomies, chemotherapy, and radiation).

 • At 1 year screening intervals there is no decrease in the number of  
 physician visits at initial screening and there is a cost increase that  
 is totally attributed to the increase in physician services for follow-up/ 
 confirmatory testing and treatment.

—— There is an additional physician visit associated with HPV DNA 
triage testing for PAP+HPV+PAP (women are recalled to obtain a 
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sample) compared to LBC+HPV+LBC (testing is reflex). However, 
LBC+HPV+LBC is associated with higher increases in physician costs 
compared to the corresponding PAP+HPV+PAP algorithm. This is 
attributed to the fact that the increase in the cost of physician services 
for follow-up/confirmatory testing with LBC+HPV+LBC outweighs the 
cost of the additional physician visit for HPV DNA triage testing with 
PAP+HPV+PAP.

Inpatient services compared to 1yr-PAP+PAP

Overall, there was an associated cost increase in inpatient services. Inpatient 
costs are driven by the costs of cancer treatment (chemotherapy, radiation, and 
hysterectomy—Table 2).

—— The results indicate that decreasing the screening interval and not 
restricting age are associated with fewer cancers, lower cancer deaths, and 
increased QALYs (Table 3). Yet there is a steady increase in inpatient costs 
associated with decreasing the screening interval and not restricting age. 
These results are not counter-intuitive but are attributed to the fact that 
LBC and HPV are more sensitive and to detecting and treating a greater 
volume of CCs. That is, because LBC and HPV have a higher sensitivity, 
they are not only more effective at identifying and treating women with 
CIN2/3-HR, thereby preventing the development to CC, they are also 
more effective at identifying and treating women who have developed CC.

 • Hence, 1 year screening intervals with no age restriction is the most 
effective algorithm for lowering the incidence of cervical cancer, but is also 
associated with the highest inpatient costs because more women with CC 
are being detected and treated.

 • LBC+HPV+LBC has a higher sensitivity than PAP+HPV+PAP overall. 
LBC+HPV+LBC will be more effective, but also less costly than the 
corresponding PAP+HPV+PAP algorithm. This is attributed to the cost 
increase (from greater detection) to cost decrease (from prevented cases) 
ratio being greater for LBC+HPV+LBC than for PAP+HPV+PAP.

CONFIDENCE IN FINDINGS
The probabilistic sensitivity analysis assessed the extent to which the variability 
in the model inputs (i.e., variability in the sensitivity and specificity of tests) 
affected resulting costs and effectiveness (refer to sensitivity analysis section 
under Economic Evaluation). The probabilistic sensitivity analysis indicates 
that the results are reliable with 62% to 100% of simulations falling into a single 
quadrant on the incremental cost-effectiveness plane (Figure 3).

However, there is greater variation in the results for 3yr-LBC+HPV+LBC-
age, 2yr-PAP+HPV+PAP-age, and 3yr-PAP+HPV+PAP-age. While over 
88% of simulations were more effective than 1yr-PAP+PAP, the distribution 
was more even between the Northeast (more costly and more effective) and 
Southeast quadrants (less costly and less effective). This indicates that while 
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there is greater certainty that they will be more effective than 1yr-PAP+PAP, 
there is less certainty about whether they are more or less costly. However it 
is important to be clear that their expected values (i.e., the mean or most likely 
result) reflect the most likely outcome.

IMPACT OF DIFFERENTIAL TIMING (RELATES TO 
POLICY QUESTION 3)
Discounting costs standardizes cost comparisons to a common baseline in 
terms of timing (refer to Appendix B), such that costs occurring today are 
worth more than if they were to occur 68 years (covering the range from 12 to 
80 years of age) from now. However, it is important to reiterate that there are 
economic benefits associated with costs occurring later in the future; decisions 
should focus on the discounted results because they reflect the most valid 
comparative analysis.

The impact of differential timing on the cost effectiveness of the algorithms 
considered in this analysis is best illustrated by examining 3yr-PAP+HPV+PAP-
age versus 3yr-LBC+HPV+LBC-age. When not discounting costs or health 
outcomes, 3yr-PAP+HPV+PAP-age becomes more costly but, overall, is still 
less costly and more effective than 1yr-PAP+PAP. This indicates that 3yr-
PAP+HPV+PAP-age is associated with actual cost savings to the health care 
system, and that the reduction in total costs is not entirely due to costs simply 
occurring later in the future. Hence, regardless of whether or not discounting 
is taken into account, 3yr-PAP+HPV+PAP-age reduces costs and is more 
effective than 1yr-PAP+PAP.

In contrast, 3yr-LBC+HPV+LBC-age is no longer less costly and more 
effective but is more costly and more effective than 1yr-PAP+PAP when 
not discounting. This indicates that compared to 1yr-PAP+PAP, 3yr-
LBC+HPV+LBC-age has slightly greater total costs, occurring further into the 
future (i.e., future costs of 1yr-PAP+PAP will occur sooner than future costs 
of 3yr-LBC+HPV+LBC-age). Hence, when discounting is considered, future 
costs associated with 3yr-LBC+HPV+LBC-age are worth less in the present 
than the future costs associated with 1yr-PAP+PAP, which accounts for the 
cost savings result.

STRENGTHS
Several approaches were adopted to increase the validity of results and the 
utility of the analysis for Alberta decision-makers:

1. The analysis incorporates Alberta-relevant data associated with the cancer 
screening program, health service utilization, and epidemiology.

2. The model was made to reflect Alberta epidemiology by iteratively  
re-calibrating select model inputs to generate Alberta-specific 
epidemiologic outputs.

3. A probabilistic sensitivity analysis was conducted to evaluate the 
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confidence (i.e., the degree of uncertainty) in the results by elucidating 
how the extent of variability in the evidence (i.e., in the model inputs) 
affected the resulting costs and effectiveness for each of the  
algorithms evaluated.

4. A sensitivity analysis was conducted on discounting, to elucidate the 
impact of differential timing of costs and health outcomes between the 
algorithms evaluated.

5. A cost attribution analysis was conducted, to not only report the cost 
impact in terms of total health system costs but to also identify, more 
specifically, the cost impact to disparate health system sectors that 
included testing, physician, inpatient services, outpatient services, and 
unnecessary referrals to colposcopy/biopsy.

CAVEATS
No model can perfectly capture what is or will be observed in reality, and these 
findings need to be evaluated in light of nine caveats:

1. It is uncertain how any of the alternative CC screening/testing 
algorithms will be implemented and how clinicians will ultimately use 
these tests. While the analysis suggests the existence of cost-effective 
alternatives, the results are entirely founded on the screening and testing 
algorithms outlined in this report. Although in actual conditions there 
will be variation in how these tests are used, depending on clinical 
presentation and patient history, the screening/testing algorithms 
outlined in this report should be adhered to the greatest extent clinically 
permissible in order to achieve the economic and health outcomes 
described. Thus, clear screening and testing protocols and education for 
clinicians ordering these tests will be critical.

2. Implementation considerations such as infrastructure requirements, 
capital purchases, and physician education were beyond the scope of this 
analysis. Thus, the analysis does not consider the investment requirements 
associated with technology implementation, nor the capacity within 
existing services. This is particularly relevant given that the alternatives 
increase the number of unnecessary referrals to colposcopy/biopsy. This 
analysis does not determine whether there is sufficient resource capacity 
(e.g., enough colposcopists) in Alberta to meet the corresponding increase.

3. The analysis assumes that the high-risk strains detected by the HPV DNA 
test correspond to the specific high-risk strains among Alberta women. If 
the strains among Alberta women differ from those detected by the HPV 
DNA test, then all the algorithms that incorporate HPV DNA testing for 
triage or otherwise are not cost-effective.

4. The economic analysis does not consider potential behavioural or health 
services impacts resulting from HPV vaccination algorithms implemented 
in Alberta. If the protection offered by the HPV vaccine corresponds to 
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the specific high-risk strains among Alberta women, the incidence and 
prevalence of high-risk HPV in Alberta will presumably decrease over 
time. If there is a decrease in incidence/prevalence, this would add more 
value to using a CC primary screening test with high specificity. Hence, 
there would be a valid reason to continue using PAP for primary screening, 
and 3yr-PAP+HPV+PAP is likely to continue being cost-effective. 

 Alternatively, if the incidence/prevalence of the high-risk strains among 
Alberta women decrease but serotype replacement occurs (i.e., if other 
high-risk strains not protected by the vaccine become more prevalent in 
Alberta) there would initially be a decrease in incidence/prevalence of 
high-risk HPV (in the strains against which the vaccine protects) followed 
by an increase back to previous levels in different strains of high-risk 
HPV prior to vaccine introduction. This is due to the fact that the high-
risk strains identified by HPV DNA testing coincide with the high-risk 
strains protected by the HPV vaccine. If serotype replacement occurs, the 
capacity of HPV DNA testing to identify the presence of high-risk HPV 
strains would diminish because the strains in Alberta would no longer be 
those targeted by the HPV DNA test. The implication of this is identical to 
that established in point #3 above.

5. The cost attribution analysis provides additional information that is 
not required within the scope of the STEP analysis. A cost attribution 
analysis was conducted to elucidate the resource implications of each 
alternative on various sectors of the health system that are associated with 
CC screening. It is important to be clear that this information is from an 
overall perspective, which is not the same as information generated from 
a detailed local level costing exercise or field evaluation that accounts for 
demand and resource capacity within existing services. 

 This information only provides early indication and identification of 
resource implications (over the time period in the analysis) for use in 
initial planning and strategizing around next steps. Estimating the actual 
resource impact at a detailed local level would require actual field analysis 
that incorporates consideration of demand and resource capacity within 
the system. Nonetheless this information provides additional insight before 
committing the extensive amount of resources necessary to conduct a 
more detailed local level costing exercise or field evaluation.

6. The net cost decrease associated with 3yr-PAP+HPV+PAP-age 
(compared to 1yr-PAP+PAP) when discounting and not discounting 
indicates that there are actual cost savings associated with 3yr-
PAP+HPV+PAP-age (over the time period of the analysis) and that the 
cost decrease is not due to costs being delayed further into the future 
compared to 1yr-PAP+PAP. Still, it is important to be clear that there are 
economic benefits associated with costs occurring later in the future and 
that decisions should focus on the discounted results because they reflect 
the most valid comparative analysis.
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7. Individuals undergoing cancer screening may not receive any benefit 
and may, in fact, be exposed to iatrogenic health risks (e.g., unnecessary 
invasive follow-up procedures resulting from either false positive biopsies 
or CIN graded 2 or 3 that may have naturally regressed).7 The costs and 
health outcomes associated with iatrogenic events were not considered 
in the analysis because colposcopy-guided biopsy is considered the gold 
standard in actual clinical practice.

8. Inputs for test characteristics were not directly taken from the Technology 
Effects and Effectiveness report because, due to time and resource 
constraints, it was not possible to transform the data into a form that 
was readily and directly applicable to the economic model. Inputs were 
instead taken from a recent Canadian meta-analysis.1 Nevertheless, the 
Technology Effects and Effectiveness report is extremely valuable to 
the modeling exercise because it provided a basis for validating (face 
validity) external data sources for the model. Indeed, model inputs for test 
characteristics were consistent with the findings from the Technology 
Effects and Effectiveness review. 

9. Alternatives that were less costly and less effective than the current Alberta 
CC screening/testing algorithm were defined as not being cost-effective 
because they would increase CC cases and deaths, which is contradictory 
to the policy objectives of the CC screening program (refer to the Criteria 
for Cost-effectiveness section). However, from a strictly health economic 
perspective (i.e., identifying the alternative(s) that provide(s) the best 
value for money), screening/testing algorithms that are less costly and 
less effective are viable alternatives, and the trade off between decreasing 
effectiveness and cost may be acceptable. From a completely health 
economic perspective (refer to Appendix E for cost-effectiveness frontiers), 
Alberta decision-makers deem an additional QALY (i.e., one additional 
year lived in perfect health) is worth the investment if its cost is:

a. $0 to $1,999: 3yr-HPV+LBC+HPV/LBC-age is the best value for money 
(i.e., is the best value for money);

b. $2,000 to $16,999: 3yr-PAP+PAP is the best value for money;

c. $17,000 to $64,999: 3yr-PAP+HPV+PAP-age is the best value for money;

≥ $65,000: 1yr-LBC+HPV+LBC is the best value for money.

Note that at the conventional cost-effectiveness thresholds suggested in the 
health economic literature, 3yr-PAP+HPV+PAP-age is the best value for 
money among the alternatives evaluated in this report.
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CONCLUSION
There are trade offs in costs and improvements in health outcomes associated 
with each CC screening/testing algorithm. For instance, increasing screening 
intervals decreases total costs but results in increased numbers of CC cases and 
deaths. LBC has a higher sensitivity but lower specificity than PAP, resulting in 
increased follow-up and confirmatory testing of both appropriate (true positive) 
and inappropriate (false positive) referrals. Identifying the CC screening/testing 
algorithm that provides the best balance between costs and improvements in 
health outcomes for women in Alberta requires careful consideration not only 
of which test is used (PAP, LBC or HPV) but also of at which stage in the 
screening/testing process (e.g., primary, triage, or follow-up) it would provide 
the greatest benefit—all this, while taking into account age, risk, and the natural 
progression and regression of pre-cancerous lesions.

Among the 21 algorithms considered in this analysis, of those that provide 
equal or better effectiveness than 1yr-PAP+PAP (note that health economic 
and cancer screening program policy perspectives were used as criteria for 
cost-effectiveness), 3yr-PAP+HPV+PAP-age emerges as the algorithm that 
provides the best balance and hence, offers the best value for money. Thus, 
3yr-PAP+HPV+PAP-age is considered cost-effective compared to the current 
Alberta algorithm of 1yr-PAP+PAP, and there is economic evidence to 
support replacing the current Alberta CC screening/testing algorithm with 
3yr-PAP+HPV+PAP-age assuming that clear guidelines are developed and 
continuing education is provided for clinicians.

Additional effectiveness beyond 3yr-PAP+HPV+PAP-age can be achieved with 
algorithms employing LBC as the primary screening test, but the additional 
costs are considered too high and not good value for the money. Moreover, 
regardless of which (if any) algorithm replaces the 1yr-PAP+PAP, it is critical 
that decision-makers be cognizant of the differential resource implications for 
testing, physician, inpatient services, outpatient services, and the increase in the 
number of unnecessary referrals to colposcopy/biopsy.
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APPENDIX A: SCREENING ALGORITHMS

Unsatisfactory

Unsatisfactory

CONVENTIONAL CYTOLOGY (CURRENT PRACTICE)

PAP PRIMARY WITH HPV TRIAGE (NO AGE RESTRICTION)

ASCH

ASCH

CIN3

CIN3

Colposcopy 
& Biopsy

Colposcopy 
& Biopsy

ASCUS

ASCUS

Negative

Negative

Negative Positive

Repeat 3 times 
(2 yr follow-up)

Repeat 3 times 
(2 yr follow-up)

HSIL

HSIL

≤CIN1

≤CIN1

Negative

Negative

Unsatisfactory

Unsatisfactory

AGC

AGC

CIN2

CIN2

LSIL

LSIL

Any Other

Any Other

Repeat until 
Satisfactory (3 
month intervals)

Repeat until 
Satisfactory (3 
month intervals)

PAP Follow-up 
in 6 months

PAP Follow-up 
in 6 months

HPV Triage 
Hybrid II (No Age 
Restriction)

PAP Primary Current

PAP Primary

Repeat in 6 
months 1 time

Repeat in 6 
months 1 time

Return to 
Routine Screen

Return to 
Routine Screen

LEEP & 
Hysterectomy

LEEP & 
Hysterectomy
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Unsatisfactory

Unsatisfactory

PAP PRIMARY WITH HPV TRIAGE (WITH AGE RESTRICTION)

LBC PRIMARY WITH HPV TRIAGE (NO AGE RESTRICTION) 

ASCH

ASCH

CIN3

CIN3

Colposcopy 
& Biopsy

Colposcopy 
& Biopsy

ASCUS

ASCUS

Negative

Negative

Negative

Negative

Positive

Positive

Repeat 3 times 
(2 yr follow-up)

Repeat 3 times 
(2 yr follow-up)

HSIL

HSIL

≤CIN1

≤CIN1

Negative

Negative

Unsatisfactory

Unsatisfactory

AGC

AGC

CIN2

CIN2

LSIL

LSIL

Any Other

Any Other

Repeat until 
Satisfactory (3 
month intervals)

Repeat until 
Satisfactory (3 
month intervals)

≥ 30 yrs 
old

< 30 yrs 
old

HPV Triage Hybrid 
II (Age Restriction)

HPV Triage 
Hybrid II (No Age 
Restriction)

PAP Primary

LBC Primary

Repeat in 6 
months 1 time

Repeat in 6 
months 1 time

Return to 
Routine Screen

Return to 
Routine Screen

LEEP & 
Hysterectomy

LEEP & 
Hysterectomy

PAP Follow-up 
in 6 months

LBC Follow-
up in 6 months
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Unsatisfactory

Unsatisfactory

LBC PRIMARY WITH HPV TRIAGE (WITH AGE RESTRICTION)

HPV PRIMARY (NO AGE RESTRICTION) WITH LBC TRIAGE

ASCH

ASCH

CIN3

CIN3

Colposcopy 
& Biopsy

Colposcopy 
& Biopsy

ASCUS

ASCUS

Negative

HPV+ & LBC 
Neg/ ASCUS / 
LSIL / Unsat

Negative Positive

Repeat 3 times 
(2 yr follow-up)

Repeat 3 times 
(2 yr follow-up)

Repeat in 1 year

HSIL

HSIL

≤CIN1

≤CIN1

Negative

Negative

Negative Positive

Unsatisfactory

HPV- & LBC 
Neg/ ASCUS / 
LSIL / Unsat

AGC

AGC

CIN2

CIN2

LSIL

LSIL

Any Other

HPV -/+ & HSIL

Repeat until 
Satisfactory (3 
month intervals)

Repeat until 
Satisfactory (3 
month intervals)

HPV Triage Hybrid 
II (Age Restriction)

Return to Routine 
Screen test interval 
change to every 3 
years

LBC Primary

HPV Primary (No 
Age Restriction)

LBC Triage

Repeat in 6 
months 1 time

Repeat in 6 
months 1 time

Return to 
Routine Screen

LEEP & 
Hysterectomy

LEEP & 
Hysterectomy

LBC Follow-
up in 6 months

 LBC & HPV 
Follow-up in 6 
months

≥ 30 yrs 
old

< 30 yrs 
old
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HPV PRIMARY (WITH AGE RESTRICTION) WITH LBC TRIAGE

≥ 30 yrs 
old

< 30 yrs 
old

Unsatisfactory ASCH

CIN2

Colposcopy 
& Biopsy

ASCUS

HPV+ & LBC 
Neg/ ASCUS / 
LSIL / Unsat

Repeat 3 times 
(2 yr follow-up)

Repeat in 1 year

HSIL

≤CIN1

Negative

Negative Positive

HPV- & LBC 
Neg/ ASCUS / 
LSIL / Unsat

AGC

CIN3

LSIL

HPV -/+ & HSIL

Repeat until 
Satisfactory (3 
month intervals)

Return to Routine 
Screen test interval 
change to every 3 
years

HPV Primary 
(Age Restriction)

Same as LBC 
Primary

LBC Triage

Repeat in 6 
months 1 time

LEEP & 
Hysterectomy

 LBC & HPV 
Follow-up in 6 
months

APPENDIX B: BACKGROUND FOR 
UNDERSTANDING COST-EFFECTIVENESS 
ANALYSIS
A complete economic evaluation is defined as the comparative analysis of 
alternate courses of action in terms of both their costs and outcomes.8 In a 
full economic analysis, we must also include health-related outcomes, since 
differences in costs, by themselves, are not an adequate indication of the 
relative performance of a health technology.

In the economic evaluation, costs and effectiveness (e.g., number of QALYs) 
is summated for each of the alternatives being considered in the analysis. 
The cost differences between each alternative are divided by the difference 
in effectiveness between each alternative to produce an incremental cost-
effectiveness ratio (ICER).
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Quality adjusted life years

Health-related quality of life (HRQL) valuation provides a profile of health 
status where health status comprises several domains including psychosocial, 
physical, and emotional factors. Thus, HRQL instruments can be used for 
assessing the health impacts of health technologies. Multi-attribute HRQL 
instruments (e.g., EQ-5D, HUI 3, 15-D) evaluates the health status using a 
multi-attribute classification system and uses a scoring function to incorporate 
health impacts from single domains (e.g. EQ-5D—mobility, self care, usual 
activities, pain/discomfort, and anxiety/depression) into an overall health index 
score ranked between 0 (death) and 1 (perfect health) (note that there are 
health states that can be ranked worse than death).

The time spent in a particular health state multiplied by the HRQL index score 
associated with the health state provides quality adjusted life years (QALYs). 
That is, QALYs incorporate length of life with quality of life. For instance, 15 
years of life spent in a health state valued at 0.6 provides 9 QALYs or 9 full 
years in perfect health. Because economic evaluation seeks to evaluate health 
interventions/programs in terms of their final impact on health and because 
HRQL incorporates several domains that comprise health, QALY is an 
informative and comprehensive measurement for evaluating alternative health 
technologies in terms of their impacts on overall health.

Incremental cost-effectiveness ratios (ICER)

The ICER described the performance of the health technology at the 
margin expressed as the additional cost-per-unit of health benefit gained. 
That is, the ICER informs how much it costs to produce one additional 
unit of effectiveness (i.e., the cost to produce an additional QALY). It can 
be considered the cost of producing one additional unit of effectiveness by 
switching from one alternative to another. However, ICERs only inform how 
much it would cost to produce an additional unit of effectiveness and do not 
determine whether the additional effectiveness is worth the cost. Consequently, 
determining whether a more costly but more effective technology is worth 
adopting requires knowing what society or decision-makers are willing to 
pay (WTP) to produce an additional unit of effectiveness. Therefore, for a 
technology that is more costly but more effective, the technology is cost-
effective if its ICER is below the WTP for the additional effectiveness. 
However, the principal limitation of basing decisions on ICER is that there 
are no guidelines informing the appropriate WTP for an additional unit of 
effectiveness, and this will vary between health and clinical contexts.

It is also important to recognize that decisions based on ICER are only 
relevant in decision situations where the new alternative produces higher 
costs and greater effectiveness or lower costs and less effectiveness (i.e., 
in non-dominance situations). For situations where the new alternative 
produces higher costs and less effectiveness, the baseline alternative should be 
maintained (i.e., the new alternative is dominated by the baseline alternative). 
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For situations where the new alternative produces lower costs and greater 
effectiveness the new alternative should be adopted (i.e., the baseline alternative 
is dominated by the new alternative).

Decision analytic modeling

Cost and effectiveness associated with a technology are affected by multiple 
factors including (but not limited to) population characteristics, health care 
system, time horizon, and perspective (e.g., societal versus payer). Therefore, 
generating estimates of costs and effectiveness associated with a technology 
often requires the use of decision analytic modeling (DAM). A DAM 
provides a schematic representation of how the technology impacts costs and 
effectiveness and is defined by a framework of parameters. Parameters refer to 
the relevant inputs that affect costs and effectiveness, which include (but are 
not limited to) probabilities (e.g., probability of infection), costs (e.g., cost of 
testing), and population characteristics (e.g., prevalence of cervical cancer).

Expected value calculations

DAMs can calculate expected costs and effectiveness using single point 
estimates for parameters (i.e., using only one input that does not vary). 
However, there are two major limitations associated with using single  
point estimates for model parameters. First, single point estimates do not 
account for the inherent variance or likelihood of possible values observed 
in actual conditions. Second, they do not account for potential interactions 
between parameters.8

The epidemiology of HPV and CC in the Alberta population is variable and 
the challenge is to provide accurate estimates for resource utilization and costs 
in the present and in the future, despite fluctuations. Therefore, to incorporate 
the fluctuations observed in actual conditions, expected value calculations are 
conducted using a probabilistic DAM. To create a model that incorporates the 
possible variation in inputs, a distribution is fitted to the input using standard 
errors (i.e., distribution parameters are fitted to an input based on existing 
evidence regarding the potential variance of the input). During each simulation, 
called a Monte Carlo simulation, for each parameter with a fitted distribution a 
value is randomly sampled (i.e., generated) from the distribution, and the costs 
and effectiveness are calculated for the simulation.9 This method of calculating 
expected values provides an ICER that incorporates the uncertainty associated 
with each parameter, including the potential interactions between inputs.

Handling uncertainty

As stated above, expected costs and effectiveness generated from a probabilistic 
DAM incorporate the uncertainty associated with each parameter into a 
single analysis. This uncertainty can be represented as a distribution of costs 
and effectiveness on the incremental cost-effectiveness plane (ICEP). On the 
ICEP, the distribution of costs and effectiveness estimates can be divided into 
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four quadrants: NW, NE, SE, and SW. Simulations falling in the NW quadrant 
indicate that, compared to the baseline alternative, the new alternative is less 
effective and more costly. Simulations falling in the NE quadrant indicate that 
the new alternative is more effective but at additional cost. Simulations falling 
in the SE quadrant indicate that the new alternative is more effective and 
also less costly. Simulations falling in the SW quadrant indicate that the new 
alternative is less effective but also less costly.

The ICEP can be converted into an acceptability curve. An acceptability 
curve depicts the proportion of ICERs that fall below a range of WTP 
thresholds. This allows decision-makers to choose a variety of thresholds and 
observe what proportion of ICERs (generated from the model) fall below 
each chosen threshold. For example, if a decision-maker concluded that the 
WTP for an additional unit of outcome is $20,000 (i.e., the outcome is worth 
at least $20,000 to society), he/she would be able to observe the proportion 
of ICERs that were below $20,000 per additional outcome. This proportion 
would represent the probability that the new alternative is cost-effective at the 
threshold of $20,000 per additional outcome.

Discounting

Discounting is a technique for standardizing future costs and benefits to 
a common baseline period. Discounting is important, particularly when 
evaluating health technologies over time, because costs and benefits associated 
with health technologies will occur at different points in time. For instance, 
technology A will save 1000 lives in 5 years whereas technology B will save 
10,000 lives in 30 years. How can decision-makers evaluate initial and future 
costs and benefits between the two technologies? The approach is to discount 
future costs and benefits to reflect their value to a standard baseline period (e.g., 
the present). At a 5% discount rate, 1000 lives in 5 years is worth 784 lives now 
and 10,000 lives in 30 years is worth 2314 lives now (note that no lives will 
be saved until 5 or 30 years in the future). Hence, standardizing future costs 
and benefits to a standard period in time allows for comparability between 
technologies that differ in terms of their timing in costs and outcomes.

APPENDIX C: MODEL VALIDATION

High-risk oncogenetic HPV incidence

Cervical cancer incidence and prevalence was obtained from the Alberta 
Cancer Board Alberta Cancer Registry Database. There was no information 
on Alberta-specific HPV incidence. Consequently baseline age-specific HPV 
incidence rates were derived from the published Canadian literature.1 To 
generate Alberta-specific HPV incidence rates, the baseline HPV incidence 
rates, acquired from the published literature, were re-calibrated by comparing 
the cervical cancer prevalence rates generated from the model to actual Alberta 
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cervical cancer prevalence data. This process was conducted iteratively under 
the current Alberta screening and management algorithm (i.e., PAP screening) 
until the estimated age-specific cervical cancer prevalence rates from the model 
matched closely with the actual cervical cancer prevalence rates of Alberta. Ten 
iterations were required to achieve congruence.

Given that the calibrated HPV incidence rates generate cervical cancer 
prevalence rates that match actual Alberta data, the calibrated HPV incidence 
rates can be considered Alberta-specific. Table C-1 compares baselines HPV 
incidence rates with calibrated HPV incidence rates.

TABLE C-1: COMPARISONS BETWEEN BASELINE HPV INCIDENCE RATES  
 AND FINAL HPV INCIDENCE RATES

HPV INCIDENCE PER 
100,000

CERVICAL CANCER PREVALENCE PER 
100

AGE 
GROUP

BASELINE 
START 
DATA

FINAL 
MODEL 
INPUT

USING 
BASELINE 
HPV 
INCIDENCE 
IN MODEL

USING 
CALIBRAT-
ED HPV 
INCIDENCE 
IN MODELA

ACTUAL 
DATA 2002B

20–24 0.03 0.03 0.21 0.01 0.01

25–29 0.12 0.12 1.60 0.03 0.03

30–34 0.19 0.19 2.59 0.09 0.10

35–39 0.13 0.04 2.49 0.14 0.15

40–44 0.10 0.14 1.47 0.23 0.19

45–49 0.08 0.20 1.48 0.35 0.27

50–54 0.07 0.11 0.76 0.38 0.30

55–59 0.06 0.04 0.51 0.36 0.34

60–64 0.07 0.03 0.29 0.29 0.35

65–69 0.06 0.02 0.18 0.29 0.38

70–74 0.09 0.06 0.08 0.26 0.30

75–79 0.09 0.11 0.01 0.38 0.37

a. 10 iterations were required to achieve congruence.

b. Actual data was obtained from the Alberta Cancer Board Alberta Cancer Registry Database.

Cervical cancer mortality

Alberta-specific CC mortality was available but it did not differentiate the 
increase risk in mortality as CC increased in severity (i.e., Stage 1 CC versus 
Stage 4 CC). Stage-specific CC mortality rates were derived from the published 
Canadian literature.1 Alberta-specific mortality rates were generated  
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by re-calibrating stage-specific CC mortality rates, to match the CC mortality 
rates generated from the model to the aggregate Alberta-specific CC mortality 
data. Thirteen iterations were required to achieve congruence. In 2006 there 
were 3.9 deaths per 100,000 population. The model results, although not 
identical, compare favourably, with 4.7 deaths per 100,000 population.

APPENDIX D: DISCOUNTED COST  
ATTRIBUTION GRAPH

FIGURE D-1: PERCENT CHANGE (COMPARED TO 1YR-PAP+PAP) IN DISCOUNTED 
COSTS (5%) FOR ALTERNATIVES WITH EQUAL OR BETTER EFFECTIVENESS  
THAN 1YR-PAP+PAP BY COST CATEGORY
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APPENDIX E: COST-EFFECTIVENESS FRONTIERS

FIGURE E-1: COST-EFFECTIVENESS FRONTIER OF ALL ALTERNATIVE CERVICAL 
CANCER SCREENING/TESTING ALGORITHMS

Note: Generated from 6,000 Monte Carlo Simulations. The graph illustrates the algorithm that is the most 
cost-effective from a strictly health economic perspective throughout the range of cost-effectiveness 
thresholds. The algorithm with the highest proportion of simulations that are cost-effective at a given 
threshold has a corresponding expected value that is more cost-effective than the expected values 
of other alternatives. The cost-effectiveness threshold represents the dollar value decision-makers (or 
society) place on a QALY. 

PAP: PAP+PAP PAPHPVage: PAP+HPV+PAP-age LBC: LBC+HPV+LBC
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FIGURE E-2: COST-EFFECTIVENESS FRONTIER OF CERVICAL CANCER 
SCREENING/TESTING ALGORITHMS THAT ARE MORE EFFECTIVE THAN OR 
EQUALLY EFFECTIVE AS THE 1YR-PAP+PAP

Note: Generated from 6,000 Monte Carlo Simulations. The graph excludes algorithms that were less 
effective than the current Alberta algorithm. Among the included algorithms, the graph illustrates the 
algorithm that is the most cost-effective from a cervical cancer screening program policy perspective 
throughout the range of cost-effectiveness thresholds. The algorithm with the highest proportion of 
simulations that are cost-effective at a given threshold has a corresponding expected value that is more 
cost-effective than the expected values of other alternatives. The cost-effectiveness threshold represents 
the dollar value decision-makers (or society) place on a QALY. 
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This report is on Human Papillomavirus (HPV) as being one of the  

most common sexually transmitted infections, can also lead to most 

cervical cancers. Cervical screening aims to reduce cervical cancer 

incidence and mortality by detecting precancerous lesions early. Until 

the recent introduction of liquid-based cervical cytology (LBC) and 

HPV-DNA testing, conventional cervical cytology (Pap smear) was 

the only cervical screening test available in Canada.
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