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Abstract

Background: Results of cervical cytology screening showing atypical squamous cells
of undetermined significance (ASCUS) or low-grade squamous intraepithelial le-
sions (LSIL) indicate risk for high-grade cervical intraepithelial neoplasia (CIN 2 or
3). In a community-based randomized trial we compared the test performance of
human papillomavirus (HPV) DNA testing with that of 6-month repeat Papanico-
laou (Pap) test in detecting histologically confirmed CIN 2 or 3.

Methods: We randomly assigned 212 women aged 16–50 years with ASCUS or
LSIL on cervical cytology screening to undergo either immediate HPV DNA test-
ing or a repeat Pap test in 6 months. Cervical swabs for the HPV DNA testing and
the Pap smears were obtained by their familiy physicians. We tested the swabs
for oncogenic HPV using the Hybrid Capture II assay (Digene Corp., Beltsville,
Md.). Community-based pathologists examined the Pap smears. All women were
referred for colposcopy by their family physicians. Two gynecological patholo-
gists assessed the histology findings. We calculated test performance in women
who completed the trial using CIN 2 or 3 as the reference standard.

Results: A total of 159 women completed the study. Compared with HPV DNA
testing, which detected 87.5% (7/8) of the cases of CIN 2 or 3, repeat Pap smear
showing high-grade intraepithelial neoplasia (HSIL) detected 11.1% (1/9) of
cases (p = 0.004), and repeat Pap smear showing ASCUS, LSIL or HSIL detected
55.6% (5/9) (p = 0.16). Corresponding specificities were 50.6%, 95.2% (p =
0.002) and 55.6% (p = 0.61). Loss to follow-up was 17.1% in the HPV test
group and 32.7% in the repeat Pap group (p = 0.009). Given the 7 cases of CIN
2 or 3 detected by HPV testing and the 5 cases detected by the repeat Pap
smear, the incremental cost of HPV testing was calculated to be $3003 per ad-
ditional case of CIN identified.

Interpretation: HPV DNA testing was more costly but was associated with signifi-
cantly less loss to follow-up. It may detect more cases of CIN 2 or 3 in women
with low-grade cytologic abnormalities.

Atypical squamous cells of undetermined significance (ASCUS) or low-grade
squamous intraepithelial lesions (LSIL) are detected in 5%–10% of women
undergoing cervical cytology screening.1,2 Their management is controver-

sial.1–5 About 30% of these women have low-grade cervical intraepithelial neoplasia
(CIN 1);6–9 although many of these lesions will spontaneously regress,6 about 15%,
and perhaps up to 40%, will progress to CIN 2 or 3.7–12

Only colposcopy-directed biopsy can definitively identify women with CIN 2
or 3. However, colposcopy services are costly3 and may be overwhelmed if all
women with ASCUS or LSIL are referred for examination. Alternatively, the 
Papanicolaou (Pap) smear may be repeated in 6 months to see whether the low-
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grade finding persists or high-grade dysplasia is evident.
However, a repeat smear may not be sufficiently sensitive
for disease detection,13 and delayed testing may result in
increased patient anxiety14 and loss to follow-up.11,12

Oncogenic types of human papillomavirus (HPV) are
present in over 90% of women with cervical cancer15 and
high-grade CIN.16 HPV testing may be useful in identify-
ing high-grade CIN in women with ASCUS or LSIL on
cervical cytology screening.8–10

There are no randomized trials comparing immediate
HPV DNA testing with delayed repeat Pap test for dis-
ease detection. Nonrandom-
ized trials have enrolled
women from gynecology and
colposcopy clinics; referral
bias, including high preva-
lence rates of CIN 2 or 3,
prevents generalizing results
to settings with lower preva-
lence rates, such as family
practices. We report a ran-
domized clinical trial in
which we enrolled women
from community-based pri-
mary care practices and com-
pared the performance of
HPV DNA testing with a re-
peat Pap test at 6 months in
detecting histologically con-
firmed CIN 2 or 3 in women
with low-grade abnormalities
on screening Pap test.

Methods

From November 1995 to Oc-
tober 1998 we invited consecutive
women aged 16–50 years who
had ASCUS or LSIL on cervical
cytology screening to participate
in the study. They were recruited
from 52 community-based family
practices and 1 university student
health clinic in Ontario. We ex-
cluded patients for the following
reasons: their family physician felt
they would probably not comply
with follow-up; they were preg-
nant; they had no cervix; they had
previous diagnosis of high-grade CIN, atypical glandular cells of
undetermined significance, glandular dysplasia or cervical cancer;
they had previous destructive cervical treatment; they were cur-
rently followed with colposcopy; they had vaginal or vulvar neo-
plasia; they were immunosuppressed; or they currently required
uterine body or adnexal surgery. For women who were eligible
but declined to participate, we recorded their age, practice site
and screening Pap smear findings; we did not record reasons why
the women refused to participate. The Research Ethics Board of

the Hamilton Health Sciences Corporation, Hamilton, Ont., ap-
proved the study design.

Family physicians obtained written informed consent from eli-
gible women. At enrolment each woman completed a self-admin-
istered questionnaire on sociodemographic characteristics, repro-
ductive history and sexual behaviour. We then randomly assigned
the women to undergo either immediate HPV DNA testing or a
repeat Pap test in 6 months. We performed randomization cen-
trally, using a computer-generated random numbers table in
blocks of 4, after stratification for ASCUS and LSIL.

For the women in the HPV DNA testing group, immediately
after randomization their family physician obtained material

from the cervical os and trans-
formation zone with a dacron
swab and then placed the swab
in transport tubes containing ap-
propriate medium. The physi-
cians referred all of the women
for colposcopy; the physicians
and the patients were blinded to
the HPV test results. The speci-
mens were tested at the McMas-
ter University Regional Virology
and Chlamydiology Laboratory
using the Hybrid Capture II as-
say (Digene Corp., Beltsville,
Md.). This assay is semi-
automated and can detect 13 of
the most common oncogenic
types of HPV.17

Family physicians asked
women assigned to the repeat Pap
smear group to return in 6
months, at which time the physi-
cian obtained a cervical smear us-
ing a modified Ayre spatula with
elongated tip. Some physicians
also used a cervical brush, if that
was their usual practice. Physi-
cians referred all patients for col-
poscopy, regardless of the cytol-
ogy results. Participating
community laboratories processed
the repeat Pap smears, and the
laboratory pathologists classified
them according to the Bethesda
system.1

Colposcopic examinations
were performed at the Hender-
son General Hospital, Hamilton,
Ont. Colposcopists took directed
biopsy specimens of any areas
that appeared abnormal and per-

formed an endocervical curettage if a lesion extended into the en-
docervical canal, or if the repeat Pap smear showed HSIL or can-
cer and there was no corresponding colposcopic lesion. If the
colposcopist saw no abnormality, or if the criteria for endocervical
curettage were not met, the colposcopist did not take any speci-
mens for histological examination. The colposcopists were
blinded to the HPV test results. The colposcopic examination was
the reference standard for comparing the performance of the
HPV test and the repeat Pap smear (sensitivity, specificity and
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Terminology

Cervical cytology (Pap smear) identifies cells with
neoplastic features; however, these features are
not always specific for an underlying cervical le-
sion. Histology is the “gold standard” for confirm-
ing a neoplastic lesion of the cervix.

Cytology
ASCUS Atypical squamous cells of undeter-

mined significance. Refers to cells on
Pap smear having an appearance ap-
proaching, but not sufficient for, either a
low- or high-grade squamous intraep-
ithelial lesion. Most Pap smears with AS-
CUS represent reactive cervical changes.

LSIL Low-grade squamous intraepithelial
lesion.

HSIL High-grade squamous intraepithelial
lesion.

AGUS Atypical glandular cells of undeter-
mined significance. Refers to cells hav-
ing an appearance approaching, but un-
certain for, glandular adenocarcinoma.

Histology
CIN Cervical intraepithelial neoplasia.
CIN 2 and 3 Considered high-grade intraepithelial

neoplastic lesions because of their po-
tential to progress to invasive cancer. In
other terminology, CIN 2 corresponds
to moderate squamous dysplasia and
CIN 3 to severe squamous dysplasia
and squamous carcinoma in situ.



predictive values), and was the designated exit from the study. If
the patient did not present for colposcopy, we asked her family
physician to remind her to attend.

At study closure we attempted to follow up women who
did not present for exit colposcopy. We randomly selected
25% of these women and asked their family physicians
whether these women had any subsequent testing or colpo-
scopic examination.

HPV test specimens were stored at 4°C and shipped to the
laboratory at room temperature within 2 weeks of collection. The
laboratory, blinded to patient identity and clinical information,
performed the Hybrid Capture II assay according to the manufac-
turer’s protocol. DNA from the cervical material was denatured
and hybridized with a cocktail of 13 RNA probes to oncogenic
HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68.
Hybrids were captured with alkaline-phosphatase–conjugated an-
tibodies specific to HPV DNA:RNA hybrids. A dioxetane-based
chemiluminescent substrate was added, and the resultant relative
light units (RLUs) were measured in a luminometer. We desig-
nated specimens with RLUs equal to or above the mean RLUs of
triplicate positive control specimens containing 1 pg/mL HPV
DNA (5000 copies of HPV genome) as positive.

Community-based pathologists read the screening Pap
smears for all women and the repeat Pap smears for those as-
signed to that group. We based study entry and calculation of
Pap smear test indices on these pathologists’ opinions. We did
not submit the smears for consensus review, because this study
was designed to mimic usual practice and to obtain generalizable
results.

The Department of Pathology at the Henderson General
Hospital processed the tissue specimens from the coloposcopy
clinic, serially sectioning biopsies at 3 deeper levels. Two expert
gynecologic pathologists, blinded to the HPV or repeat Pap test
results, independently reviewed all specimens (kappa statistic for
CIN 2 or 3 was 0.722). They used CIN terminology; changes
consistent with HPV were classified as CIN 1 if no higher de-
gree of dysplasia was present. If a case had multiple biopsies per-
formed, including endocervical curettage, pathologists recorded
the most severe diagnosis. For any disagreements in diagnosis
the pathologists reviewed findings together and reached a final
consensus.

We designated the cervix as normal if exit colposcopy showed
no lesion and the colposcopists submitted no specimens for histo-
logic examination, or if tissue was taken for histological examina-
tion but showed no CIN or cancer.

We performed an economic evaluation as previously de-
scribed.18 We calculated costs and procedures associated with col-
poscopy only for women who had a positive HPV test result or
abnormalities on the repeat Pap smear.

We estimated that a sample size of 110 participants per study
group would be needed to detect a difference of 15% in the sensi-
tivities of immediate HPV DNA testing and repeat Pap smear
showing HSIL in identifying histologically confirmed CIN 2,
CIN 3 or carcinoma in tissue obtained at colposcopy (probability
of type I error [α] set at 0.05 [two-tailed] and type II error [β] set
at 0.20). We assumed the sensitivity of repeat Pap smear with
HSIL to be 75%10,19,20 and loss to follow-up to be 10%. We used
the χ2 test or Fisher’s exact test, when appropriate, to compare
categorical variables and the Student’s t-test for continuous vari-
ables. We analyzed test indices and calculated their exact 95%
confidence intervals (CIs), and we analyzed patient characteristics
and calculated kappa statistic. All p values are two-tailed. We in-

cluded all women who underwent exit colposcopy in our analyses.
We designated any missing HPV or repeat Pap test results from
these women as negative.

Results

A total of 212 women agreed to participate in the study
(Fig. 1). Table 1 shows their baseline characteristics.
Among the 159 women who completed the trial, character-
istics were similar between the 2 groups except that there
were fewer women who ever smoked in the HPV test
group than in the repeat Pap smear group (47.4% [36/76]
v. 69.1% [47/68], p = 0.008). There was no significant asso-
ciation between ever smoking and prevalence of CIN 2 or
3 in the 2 groups at exit (data not shown).

Women who declined entry into the study were similar
to the enrolled patients in mean age (p = 0.26), proportion
screened in family practice office (p = 0.29) and proportion
with screening Pap smear showing ASCUS (p = 0.63). 
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Fig. 1: Profile of trial. R = randomization, HSIL = high-grade
squamous intraepithelial lesion, ASCUS = atypical squamous
cells of undetermined significance, LSIL = low-grade squa-
mous intraepithelial lesion.

Declined study
participation

n = 306

Women with low-grade
abnormality on screening Pap test

n = 518

Agreed to participate
n = 212

R

Immediate HPV DNA testing
n = 105

Repeat Pap test at 6 mo
n = 107

Withdrew from trial
n = 18

Withdrew from trial
(includes 14 who did not

present for repeat Pap test)
n = 35

Completed trial
(presented for colposcopy)

n = 87

Completed trial
(presented for colposcopy)

n = 72

HPV test detected
7 of 8 cases of CIN 2 or 3

Repeat Pap test showing
HSIL detected 1 of 9 cases of
CIN 2 or 3; repeat Pap test
showing any abnormality

(ASCUS, LSIL or HSIL)
detected 5 of 9 cases



Cervical swab specimens were obtained from all 105
women assigned to the HPV DNA test group. A swab from
1 woman did not have sufficient material for testing; this
woman was included in subsequent analyses and her HPV
test result was designated as negative. In total, 54.3%
(57/105) of the women were positive for oncogenic HPV.

Of the 107 women assigned to the repeat Pap smear
group, 14 (13.1%) did not return for the test. Of those who
did present, the specimen from 1 woman was not received

by the laboratory and could not be traced, and 2 women
presented after the 6 months and were referred immedi-
ately for colposcopy without a repeat Pap smear. These 3
women were included in subsequent analyses and their Pap
test results were designated as negative. The Pap test re-
sults were normal or showed benign cellular changes in
54.8% (51/93), ASCUS or LSIL in 39.8% (37/93) and
HSIL in 5.4% (5/93).

Thirty-five (32.7%) of the women in the repeat Pap test
group failed to present for colposcopy, which was almost
twice the proportion in the HPV test group (17.1%
[18/105], p = 0.009). Women who did not present for col-
poscopy were significantly younger than those who did
(mean age 26.6 years [standard deviation (SD) 6.3] v. 31.3
years [SD 8.7], p < 0.001) and less likely to have been born
in Canada (56.6% v. 86.8%, p = 0.05). There were no sig-
nificant differences in other baseline characteristics (data
not shown). In the random sample of 25% (n = 14) of the
women who withdrew, 1 woman underwent colposcopy
elsewhere (no dysplasia detected) and 1 women had a Pap
smear that showed ASCUS.

In the HPV test group 46 (52.9%) of the 87 women
who presented for colposcopy were HPV positive. Of the
72 women in the repeat Pap test group who presented for
colposcopy, 39 (54.2%) had normal results or benign cellu-
lar changes, 29 (40.2%) had ASCUS or LSIL, and 4 (5.6%)
had HSIL.

Of the 159 women who underwent colposcopy 121
(76.1%) had no cervical abnormality, based either on a nor-
mal colposcopic impression or on histologic findings; 21
(13.2%) had CIN 1, and 17 (10.7%) had CIN 2 or 3. None
of the women had invasive carcinoma. Overall, 10.1%
(11/109) of the women with ASCUS and 12.0% (6/50) of
those with LSIL on the screening Pap smear had histologi-
cally confirmed CIN 2 or 3.

HPV DNA testing detected 87.5% of the cases of histo-
logically confirmed CIN 2 or 3 (95% CI 47.4%–99.7%).
Repeat Pap smear showing HSIL detected significantly
fewer of these cases than HPV DNA testing (11%; 95% CI
0.3%–48.3%) (p = 0.004). If repeat Pap smear showed 
ASCUS, LSIL or HSIL, it detected 55.6% of the cases of
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Table 1: Baseline characteristics of women with low-grade
abnormalities on screening Papanicolaou (Pap) smear who
underwent either immediate HPV DNA testing or repeat Pap
smear in 6 months

Group; no. (and %)
of participants*

Characteristic

HPV DNA
testing

n = 105

Repeat Pap
smear

n = 107   p value

Mean age (and SD), yr   30.3   (8.1)  29.9 (8.7)    0.71
Screening Pap test result

ASCUS   71    (67.6)  72  (67.3)
LSIL   34    (32.4)  35  (32.7) > 0.99

Family practice site†   86    (81.9)  93  (86.9)    0.32
Born in Canada    n = 87

  74    (85.1)
   n = 98
 81  (82.7)    0.69

Completed secondary school   73    (83.9)  85  (86.7)    0.68
Currently employed   49    (56.3)  52  (53.1)    0.77
Ever smoked   43    (49.4)  63  (64.3)    0.05
Married/common law   40    (46.0)  46  (46.9) > 0.99
Ever pregnant   44    (50.6)  48  (49.0) > 0.99
Current birth control user   76    (87.4)  79  (80.6)    0.32
Mean age at first sexual
  intercourse (and SD), yr   17.4   (2.7)  17.3 (2.5)    0.91
Mean no. of sexual partners
  ever (and SD)     5.3   (4.6)    6.0 (5.6)    0.37
History of STD   20    (23.0)  30  (30.6)    0.15

Note: HPV = human papillomavirus, SD = standard deviation, ASCUS = atypical squamous
cells of undetermined significance, LSIL = low-grade squamous intraepithelial lesion.
*Unless otherwise stated.
†Refers to site of enrolment and performance of HPV test or repeat Pap smear; the remainder
were patients attending the McMaster University student health clinic.

Table 2: Performance of immediate HPV DNA testing and repeat Pap test at 6 months in detecting histologically con-
firmed cases of high-grade cervical intraepithelial neoplasia (CIN 2 or 3)

HPV DNA testing
Repeat Pap smear

showing HSIL†
Repeat Pap smear showing

ASCUS, LSIL or HSIL

Test indices* No. % (and 95% CI) No. % (and 95% CI) p value‡ No. % (and 95% CI)   p value

Sensitivity     7/8  87.5 (47.4–99.7)     1/9  11.1   (0.3–48.3) 0.004    5/9  55.6 (21.1–86.3)   0.16
Specificity   40/79  50.6 (39.1–62.1)   60/63  95.2 (86.7–99.0) 0.002  35/63  55.6 (42.5–68.1)   0.61
PPV     7/46  15.2   (6.3–28.9)     1/4  25.0   (0.6–80.6) 0.88    5/33  15.2   (5.1–31.9)   1.00
NPV   40/41  97.6 (87.1–99.9)   60/68  88.2 (78.1–94.8) 0.25  35/39  89.7 (75.8–97.1)   0.19

Note: CI = confidence interval, PPV = positive predictive value, NPV = negative predictive value.
*Based on the number of women who completed the trial (87 in the HPV DNA testing group and 72 in the repeat Pap test group). Prevalence of CIN 2 or 3 was 10.7% (17/159).
†Includes one repeat Pap smear showing atypical glandular cells of undetermined significance.
‡For comparison between HPV test and repeat Pap smear showing HSIL.
For comparison between HPV test and repeat Pap smear showing any abnormality (ASCUS, LSIL or HSIL).



histologically confirmed CIN 2 or 3 (95% CI
21.1%–86.3%) (Table 2); although the sensitivity of the re-
peat Pap smear showing ASCUS, LSIL or HSIL was not
significantly different from that of the HPV DNA testing,
there was a trend (p = 0.16) favouring the sensitivity of the
latter test. The specificity of the repeat Pap smear showing
ASCUS, LSIL or HSIL, and its positive and negative pre-
dictive values, did not differ significantly from those of  HPV
DNA testing. Results were similar for comparisons of test
indices among women with repeat Pap smears showing AS-
CUS and LSIL (data not shown).

Table 3 shows the costs of the procedures, and Table 4
shows the number of procedures and costs accrued by each
study group. Given the poor performance of the repeat Pap
smear with HSIL in detecting CIN 2 or 3, practitioners
may not be willing to accept this strategy into clinical prac-
tice, and so we did not feel that it would be useful to deter-
mine the cost of this strategy. The literature advocates re-
ferral for colposcopy if low-grade abnormalities are present
on repeat Pap smear,3 and so we based the figures in Table
4 on the referral of patients whose repeat smear showed
ASCUS, LSIL or HSIL. Given the point estimates of 5
cases of CIN 2 or 3 detected by repeat Pap smear and 7 de-
tected by HPV DNA testing, the incremental cost of HPV
DNA testing was calculated to be $3003 per additional case
of CIN 2 or 3 detected ([$19 175 − $13 169] ÷ [7 − 5]).

Interpretation

This is the first randomized controlled trial to compare
the performance of cervical HPV DNA testing and delayed
repeat Pap test in detecting high-grade cervical cancer pre-
cursors in women whose screening Pap smear showed low-
grade abnormalities (ASCUS or LSIL). It is a pragmatic
management trial, with women recruited from, and man-
aged in, primary care practices. Consequently, the results

of this trial are more generalizable to a primary care setting
than those obtained in a colposcopy referral population.

Our study showed that immediate testing for oncogenic
HPV detected significantly more histologically confirmed
cases of CIN 2 or 3 than did repeat Pap smear showing
HSIL performed at 6 months. Our results also suggested
that more cases of CIN 2 or 3 are identified if women are
referred for colposcopy on the basis of positive immediate
HPV testing than if referral is dependent on finding AS-
CUS, LSIL or HSIL on the delayed repeat Pap smear.
This difference did not reach statistical significance; how-
ever, this may have been due to inadequate power associ-
ated with loss to follow-up and the size of the sample. The
data also suggested that the possible improved sensitivity of
immediate HPV DNA testing compared with repeat Pap
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Table 3: Costs of health care resources

Item; cost, Can$

Diagnosis Treatment Complications*

Category
HPV

DNA test
Repeat
Pap test Colposcopy Biopsy ECC LEEP

Laser
ablation

Cone
excision

Return
to clinic

Return
to FP

Hospital costs† 30.73 20.88 20.73 32.01 57.00 371.51¶ 20.73 818.23**  32.03††  11.30‡‡
Physician fees‡

FP 28.90 28.90          – – –      – –      –      –  28.90
Gynecologist     – – 100.60 – –   66.30 66.30 159.30  53.80      –

Total 59.63 49.78 121.33 32.01 57.00 437.81 87.03 977.53  85.83  40.20

Note: ECC = endocervical curettage, LEEP = loop electrosurgical excision procedure, FP = family practitioner.
*Two cases of vaginal discharge.
†Fully allocated costs; includes nursing, technologist and pathologist time, as applicable.
‡As per the Ontario Heath Insurance Plan fee schedule.21

Cost of HPV DNA test assumes one batch of 90 specimens per test kit.
¶Colposcopy clinic visit $20.73; LEEP processing and reading by pathologist $350.78.
**Operating room time (45 minutes) $401.40; recovery room time (1 hour) $66.05; tissue processing and reading by pathologist $350.78.
††Colposcopy clinic visit $20.73; cervical culture for Neisseria gonorrhoeae $11.30.
‡‡Cervical culture for N. gonorrhoeae $11.30.

Table 4: Costs associated with HPV DNA testing and repeat
Pap smear for the detection and treatment of histologically
confirmed CIN 2 or 3*

HPV DNA testing Repeat Pap smear

Procedure No. Cost, Can$ No.  Cost, Can$

HPV DNA test 105†    6 261   –       –

Repeat Pap test –      – 91‡   4 509
Colposcopy visit   46    5 581 33   4 004

ECC     3       171   4      228
Biopsy   42    1 344 23      736

Treatment
LEEP   13    5 692   6   2 627
Laser ablation     0      –   1        87
Cone excision     0      –   1      978

Complications     2       126   0      –

Total cost  19 175 13 169

*Costs based on number of women who underwent HPV DNA testing or repeat Pap smear and
number of women with positive test results who underwent colposcopy and treatment.



smear showing ASCUS, LSIL or HSIL was not associated
with a substantial reduction in specificity.

Among the 159 women who completed the trial, the
proportion who ever smoked was higher in the repeat Pap
smear group than in the HPV testing group. However,
since we found no association in our data between ever
smoking and the prevalence of CIN 2 or 3 at exit col-
poscopy, it is unlikely that the distribution of this baseline
characteristic affected test performance.

It may be argued that our test comparisons are not fair
because the Pap test results were based, not on central re-
view, but on reports by community pathologists. As well,
we did not instruct family physicians to use a cervical brush
in addition to the Ayre spatula every time they obtained the
repeat Pap smear. This methodology was used purposely
because the study was designed to reflect actual community
practice.

Only one previous study,8 which was not randomized,
compared HPV testing by Hybrid Capture II assay and re-
peat Pap test in women with low-grade abnormalities on
screening Pap smear. Women who had undergone routine
cervical cytology screening in gynecology clinics and whose
Pap test results showed ASCUS were recruited, and their
immediate HPV test results were compared with Pap test
results obtained at colposcopy clinic 2–3 months later. This
study suggested that HPV testing was able to detect more
cases of CIN 2 or 3 than the repeat Pap test showing 
ASCUS, LSIL or HSIL.

We performed our cost-effectiveness analysis assuming
that HPV testing detects more cases of CIN 2 or 3 than re-
peat Pap test. Based on local Ontario practices and costs,
HPV testing was more costly than delayed Pap test.
Whether the cost of HPV testing of $3003 per additional
case of CIN 2 or 3 detected is an acceptable expenditure
depends on the weighing of opportunity costs.22,23 In addi-
tion, the cost of HPV testing may be higher or lower than
our estimate, depending on local conditions in different
provinces and territories.

We did not evaluate the cost of missing cases of CIN 2
or 3. The proportion of undetected cases that progress to
invasive cervical cancer is unclear, with estimates ranging
from 10% to 40%.24 We also do not know what proportion
of cases of CIN 2 or 3 may be detected on future investiga-
tions, including Pap smear. However, if sufficient numbers
of cases of invasive cancer are prevented through improved
detection of high-grade CIN, then more costly tests may
become affordable because of money saved from invasive
cancer management.

The large number of women who failed to present for
colposcopy is worrisome. Random sampling indicated that
most of these women did not undergo subsequent col-
poscopy or Pap test. The high rate of noncompliance oc-
curred despite the fact that most of the women (84.4%)
were part of stable family practices, that we recruited
women judged most likely to comply with management and
that attempts were made to ensure attendance at the col-

poscopy clinic. Women who did not present for colposcopy
were younger and were less likely to have been born in
Canada than those who did present. A previous study in the
United States suggested that acculturation, including the
proportion of life lived in the United States, may affect ad-
herence to follow-up among women with abnormal Pap test
results.25 Factors associated with age and acculturation that
influence compliance, and that may be modifiable, need to
be elucidated. However, one potentially distinct and modifi-
able factor is waiting time for further investigations. Our
study clearly showed that, if women had to wait 6 months
for an additional investigation and subsequent colposcopy,
default from colposcopy increased. Previous studies have
also noted decreased compliance among women with ab-
normal screening Pap test results as management time was
prolonged.11,12

In summary, relying on the detection of HSIL on repeat
Pap smear to identify cases of CIN 2 or 3 may not repre-
sent optimal management for women with low-grade ab-
normalities on screening Pap smear. It has been recom-
mended that colposcopy may be delayed for 2 years if
repeat Pap smears show a low-grade abnormality or that it
be delayed until a cervical smear shows HSIL.5 This man-
agement strategy may effectively detect cases of CIN 2 or 3
and may be safe;26 however, loss to follow-up may limit its
success. Similarly, basing referral for colposcopy on finding
any abnormality (ASCUS, LSIL or HSIL) on 6-month re-
peat Pap smear may be unsuccessful because of nonadher-
ence to follow-up. Immediate HPV DNA testing offers the
advantage of quicker triage, and our results suggest that it
may be more sensitive for detecting CIN 2 or 3 than de-
layed repeat Pap smear showing ASCUS, LSIL or HSIL.
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