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ABSTRACT

Background: Women once treated for high grade cervical dysplasia have a high long term
risk for developing new dysplasia or cancer.
Objectives: To investigate if human papilloma virus (HPV)-negativity after treatment of cer-
vical dysplasia reduces the need for frequent long term follow up.
Design: Case/control study based on archival smears.
Methods: Women with cervical intraepithelial neoplasi (CIN)2-3, treated for dysplasia and
with recurrence of CIN2+ more than 2 years after treatment were compared with controls
without recurrence, matched for age and date of treatment. High risk-HPV-DNA were ana-
lysed with PCR from two archival smears per woman. Mean follow up time was 14.6 years.
Results: 24% (45/189) of cases and 11% (43/378) of controls were HPV-positive in any of two
smears. Odds ratio (OR) = 2.5 (1.6-3.8).
Conclusion: HPV-status 6-12 months after treatment of high grade dysplasia is of limited
value for the design of long term follow up.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

risk for recurrent disease and cancer does not seem to de-
crease with time.? Recommendations differ from extra surveil-

Women who have been treated for high grade dysplasia still
have an increased risk of acquiring invasive cancer compared
with the general female population.®>™®

Follow up after treatment for cervical dysplasia fulfils two
purposes. The first is to identify inadequate treatment which
has been reported to occur in 4-17%.%” Several studies have as-
sessed risk factors and evaluated tests for high risk papilloma
virus to find short term residual disease.>*#'° The other pur-
pose of surveillance is protecting the women at risk from
developing invasive cancer by finding new dysplastic lesions,
recurrent disease. This is a long term task since the increased

lance for not more than 5 years from treatment to yearly
smears, possibly combined with human papilloma virus
(HPV)-tests for the rest of the woman’s life.’* Swedish contem-
porary guidelines recommend bi-annual testing with cytology
for at least 20 years.'® This policy, however, is expensive since
itinvolves many women for a very long time, and the effective-
ness of these recommendations has not been studied.
Testing for HPV in conjunction with cytological smear has
been suggested for short term follow up and a double
negative test could possibly extend the time to the next
post-surgery control®® or just add to the existing follow up.**
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To our knowledge, the role of HPV-testing in long term follow
up has not been studied. The aim of this study was to inves-
tigate if long term follow up could be restricted to those pa-
tients who are HPV-positive after treatment and analyse
how long term this could be a safe procedure. Since the time
lag for recurrent disease can be very long we addressed the is-
sue in a case-control study based on HPV-testing with PCR on
archival smears.”

2. Patients and methods
2.1.  Selection of cases

The Department of Pathology and Cytology at Sahlgrenska
University Hospital, Goteborg, Sweden, has stored histologi-
cal samples for several decades and all cytological smears
since 1983. A computerised register contains data from this
year onwards and covers practically all inhabitants in the
Goteborg area. There are also limited data in the register
from the period 1978 to 1983. The database was searched
for all patients who had a histological sample of cervical
intraepithelial neoplasia (CIN) 2 or 3, adenocarcinoma
in situ or equivalent diagnoses up to May 2000. Thus a cohort
of 4526 women with high grade dysplasia was established.
Cases were selected from this cohort if they had a second
histopathological diagnosis of CIN 2 or 3, adenocarcinoma
in situ or invasive cervical cancer more than 2 years later
than the original one. Two cytological smears, taken within
3-24 months (90-730 days) after treatment, had to be identi-
fied in the register. Records were retrieved to confirm that
the patients had also been treated for the initial cervical
dysplasias.

2.2.  Selection of controls

Two controls, from the original cohort of 4526 women with
high grade dysplasia, were matched for each case. Matching
was made for age and time for treatment of dysplasia in the
following way: Age at the time for base line treatment should
be within +21/2 years. Two cytological smears should be in the
registry during the period 3-24 months after treatment. The
controls should not have had a hysterectomy before the time
for second diagnosis of CIN2+ in the matched cases, nor a sec-
ond diagnosis of high grade dysplasia during the observation
time that ended in May 7, 2002. As proof of follow up a cyto-
logical smear should be in the registry later than 1 year before
the date of the recurrence of the matching case. The controls
were finally chosen as the two patients fulfilling these crite-
ria, treated for high grade dysplasia closest in time to the
treatment of the corresponding case. Fig. 1 shows a flow-chart
of the selection of cases and controls.

2.3. Exposure and sub-group analysis

In the overall analysis, a woman was defined as HPV-positive
if she had one or two HPV-positive smears. The material was
also divided into two groups according to time from date of
treatment to cytological smear. In these calculations HPV-po-
sitive was defined as a single HPV-positive smear. The data set

Cohort of 4526 women treated
for CIN2-3
Smear n:o 1 Smear n:o 1
3-24 months 3-24 months
—> +~—
after trelatment HPV-DNA after tr(leatment
vsi

Smear n:.o 2 N Lt . Smear n:o 2
3-24 months 3-24 months
after treatment after treatment

CIN2+ or cancer
after > 2years

189 cases 378 individually
fullfilling matched controls
inclusion criteria (2:1)

Fig. 1 - Flow chart for case-control study. Smear n:o 1 is
referred to as 6 month smear and smear n:o 2 as 12 month
smear according to mean time after treatment. Matching
was made for age and time for diagnosis and treatment of
CIN2-3.

was also divided into three groups (equally large sample in
each group) according to time between treatment and new
diagnosis of dysplasia for the cases. Period 1=2-3.60 years,
Period 2 = 3.60-6.66 years and Period 3 = after 6.66 years.

2.4. Selection of smears for the study base

Three smears belonging to cases could not be found in the
archive as well as two of the control smears. 1129 smears
went to HPV DNA-analysis. Before analysis and removal of
the material from the slides, documentation of the morpho-
logical picture was made by PAPNET-imaging®® for future
reference.

Among the 1129 smears analysed 12 (1.06%) were S14 neg-
ative, five cases and seven control smears, and were excluded
from further analysis. The remaining 1117 smears constituted
the base of the study and belonged to 189 cases with two con-
trols from each case. Eight of the cases and nine of the con-
trols lacked a second smear in the final analysis.

2.5.  Validation of original histopathological diagnosis

One hundred samples were randomly selected for review by
an expert cervical pathologist (WR) from the 567 histopathol-
ogical samples that constituted the inclusion criteria for the
cases and the controls in the final study base and the 189
samples that made up the endpoints for the cases.
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2.6. DNA extraction of archival smears

The method used for DNA extraction of the Pap smears has
been established and validated in previous publications®*>'*”
by the same researcher as in our study (Chua-Wallin). How-
ever, to further improve the method, the addition of saturated
ammonium acetate to the lysate and procedure for DNA pre-
cipitation were not included. Instead, after extended diges-
tion at 60 °C for a minimum of 2 h, the lysates were heated
at 98 °C for 10 min to inactivate proteinase K. The samples
were stored at 4 °C.

2.7. HPV PCR by general primers

The quality of the DNA extract was evaluated by PCR targeting
the human S14 gene generating products of 150 bp.'®> HPV was
detected using a single GP5+/6+ primer set for PCR amplifying
products of similar size to S14 PCR. The contents and condi-
tions for the PCR were as described in previous work,” with
exceptions to 2 mM MgCl, and 5 pul of 2% bovine serum albu-
min (BSA) used in the PCR buffer reaction mix. The PCRs were
performed in a 96-titre plate format consisting of CaSki cell
DNA in dilution series of 10 ng to 10~ ng as positive controls
as well as a sensitivity panel simultaneously with patients’
samples in every run. The template volumes used were 1 pl,
2 pul and 3 ul, respectively, and several blanks containing no
DNA were included. The limit of detection for the PCR system
was 0.1 ng of CaSki DNA with 1 ul DNA template.

2.8. HPV typing by pyrosequencing

Single-stranded PCR product preparation was performed
semi-automatically.’® Twelve type-specific —sequencing
primers for the high risk HPV-16, -18, -31, -33, -35, -39, -45,
-51, -52, -56, -58 and -59 were designed.19 The minimum
detection limit was found to be 0.154 pmol of PCR product.
Sequencing by pyrosequencing technology as described ear-
lier’® was performed on an automated plate-based bench-
top PSQ™ HS96A System. The sequence results were obtained
in pyrogram™ formats.

2.9. PCR cloning

PCR products generated by consensus primers GP5+/6+ that
were out of the range of the above multiplex pyrosequencing
method were cloned by TOPO TA cloning kit and ONE SHOT
TOP 10 chemically competent cells (Invitrogen, Carlsbad,
CA, USA) according to company instructions. On average,

ten colonies from each cloned PCR amplicon were picked
for further analysis. The cloned PCR fragments were amplified
with the general GP5+/6+ PCR primers and were thereafter se-
quenced on the PSQ™ HS96A System (Biotage, Uppsala, Swe-
den) with GP5+ as the sequencing primer.

2.10. Statistics

To estimate an odds ratio (OR) between odds for being a case
given exposure (HPV-positive test) and odds for being a case
given non-exposure, conditional logistic regression was per-
formed using the PHREG procedure in SAS (SAS Institute
Inc. Cary, NC USA), stratifying on sample-id. One sample con-
tains one case and its two controls, matched individually for
age at time of (first) treatment and date for treatment. 4? test
and Fisher’s exact test were used for comparing groups
shown in Table 3. Trends were calculated using Mantel-
Haenszels extended test.

2.11. Ethical approvement

The study was approved by the Ethics Committee of the Med-
ical Faculty, University of Goteborg.

3. Results

The mean age of the participants was 35 years (range 17-83
years) at the time of the initial treatment, with no difference
between cases and controls. The mean time elapsed between
treatment and first smear analysed was 165 days for cases
and 164 days for controls. These smears were labelled
6 month samples. The mean time between treatment and
second smear was 342 and 362 days, respectively, and these
smears were labelled 12 month samples.

The cases had a new high grade dysplasia or cancer 5 years
and 8 months (mean time, range 2.0-16.3 years) after the first
treatment for high grade dysplasia. The mean observation
time, that is the time between first treatment for dysplasia
and time for closing the study base, was 14 years and 7
months (range 4-24 years) and no control patient had a new
high-grade dysplasia or cervical cancer observed during that
time. Twenty-eight women were diagnosed with invasive cer-
vical cancer as recurrent disease. The mean time to cancer
diagnosis from first biopsy was 8 years 2 months (range 2.1-
16.3 years). Four of the 100 histological samples reviewed by
an expert cervical pathologist showed less than high grade
CIN. None of the initial diagnoses reviewed were cancer.

Table 1 - HPV-status post-treatment related to time until recurrence was noted

Time between treatment and Cases HPVP®®

recurrence (for cases)

Controls HPVP®® OR of HPVP®®

2-16.3 Years (whole population) 45/189 (24%)

2-3.6 Years 21/63 (33%)
3.6-6.7 Years 14/63 (22%)
>6.7 Years 10/63 (16%)

Test for trend

44/378 (12%) 2.5 (1.6-3.8)
14/126 (11%) 4.9 (2.2-11.0)
12/126 (10%) 2.4 (1.1-5.3)
18/126 (14%) 1.1 (0.5-2.5)
p<0.05

HPV-positivity was defined as presence of HPV-DNA in any smear. Odds ratios (ORs) with 95% confidence intervals.
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Table 2 - Result of HPV-testing separated at 6 and 12 month tests post-treatment

Time between Cases HPVP®®  Controls HPVP°®  OR of HPVP®® Cases HPVP®®*  Controls of HPVP®®*  OR of HPVP®®
treatment and at 6 months at 6 months at 6 months at 12 months at 12 months at 12 months
recurrence

(for cases)

2-16.3 Years 31/189 (16%) 33/378 (9%) 2.0 (1.2-3.4) 27/181 (15%) 20/369 (5%) 2.8 (1.6-4.8)
(whole population)

2-3.6 Years 16/63 (25%) 11/126 (9%) 3.8 (1.5-9.4) 13/59 (22%) 4/123 (3%) 6.3 (2.3-17.0)

3.6-6.7 Years 10/63 (16%) 7/126 (6%) 2.0 (1.1-7.5) 8/59 (14%) 8/121 (7%) 2.1 (0.9-5.2)

>6.7 Years 5/63 (8%) 15/126 (12%) 0.6 (0.2-1.9) 6/63 (10%) 8/125 (6%) 1.4 (0.5-4.0)

Test for trend p<0.1 p <0.05

Total material and divided into three groups according to time interval for recurrence of CIN2+ for cases. Odds ratios (Ors) with 95% confidence
intervals.

Table 3 - HPV-status after treatment including results from typing

Cases Controls
HPV-positive in any smear 45/189 (23.8%) 44/378 (11.6%) p <0.001
HPV-positive in both smears 13/181 (7.2%) 10/369 (2.7%) p<0.01
HPV-negative in first smear and HPV-positive in second smear 14/181 (8.7%) 10/369 (2.7%) p<0.01
HPV-positive in first smear and HPV-negative in second smear 17/181 (9.4%) 23/369 (6.2%) n.s. (p=0.09)
HPV-types identified in any smear 34/189 (18%) 31/378 (8.2%)
As proportion of HPV positives 34/45 (76%) 31/44 (70%)
Different HPV-types in both samples 2/181 (1.1%) 1/369 (0.3%) n.s. (p =0.26)
Same HPV-types in both samples 8/181 (4.4%) 4/369 (1.1%) p=0.02
As proportion of HPV+ in both smears 8/13 (61%) 4/10 (40%) n.s.

Descriptive data and comparison between cases and controls. The denominator differs since not all women were represented by two samples.
n.s. = not significant.

The OR for recurrent disease if one or two post-treatment
smears were HPV-DNA positive was 2.5 (1.6-3.8). The numbers
of women with a positive test in one or two of the samples

Table 4 - Results of HPV-typing with pyrosequencing

Cases — 370 smears Controls — 747 smears

were 45/189 (24%) of the cases and 43/378 (12%) of the controls n % n %

(Table 1). The total number of samples containing HPV-DNA Multiple infections

was 58/370 (14%) among the cases and 53/729 (7%) among Total 16 4.32 15 201

the controls. ORs and proportions of HPV-DNA positivity for Two types 9 2.43 8 1.07

cases and controls at the time for the first and second test Three types 4 1.08 2 0.27

respectively and according to time between treatment and ECHIgEES 2 0.54 4 0.54

recurrent high grade disease for the cases are shown in Table Five types z w2 E o

2. The relative protection of a negative HPV-status decreased HPV type

with time. 16 16 4.32 25 3.35
HPV-positivity in both 6 and 12 month samples was more & 6 162 9 1.20

common in cases than in controls and the difference in type 31 17 1’82 8 1(2)7

specific persistence was also more common among the cases ig g 1:35 2 0:23

as shown in Table 3. A higher proportion of cases than con- 45 5 1.35 3 0.40

trols picked up a new HPV-infection between 6 and 12 month 51 6 1.62 1 0.13

sampling as shown by the number of HPV-negatives in first 52 3 0.81 1 0.13

smears who were HPV-positive in second smears. 56 7 1.89 5 0.67
The distribution of HPV-types from the smears taken 6 and X . n2/ 2 0z

12 months after treatment is presented in Table 4. There were >9 2 0.4 2 0-27

no significant differences in the prevalence of separate HPV- The total number of types exceeds the number of HPV-positive

types in cases versus controls when compared to the total smears as some smears contain multiple infections. There are no

significant differences between cases and controls when n for
individual HPV-types were compared with the number of HPV-
positives in each category.

number of HPV-positives. 16/45 (35%) of HPV-positive samples
among cases and 15/44 (34%) among controls showed multiple
infections with two or more of the 12 high risk primers used.
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Only 4 of the 28 women who developed invasive cancer
were HPV positive in any of the two smears taken within 2
years after the treatment of the pre-cancer.

4, Discussion

Women who were free from HPV after treatment for high
grade dysplasia were still at high risk for the development
of high grade disease occurring more than 2 years after treat-
ment and 76% of the women who subsequently developed
high grade disease or cancer had negative HPV-status post-
treatment. Consequently, our findings do not support differ-
entiated long term follow up based upon the HPV-status after
surgery. The relative protection offered by a negative test
tended to be higher if the test was performed 12 instead of
6 months post-treatment and the predictive ability of post-
treatment HPV-test diminished with time (p for trend <0.05).
When cases got their second high grade lesion more than 6
years and 8 months after the first there was no significant dif-
ference in HPV-status between cases and controls, neither
overall (Table 1) nor 6 or 12 months post-treatment (Table 2).
It was more common among the cases that the first smear
was HPV-negative while the second smear contained HPV-
DNA compared with the controls. This we interpret as a high-
er proportion of re-infections. Among the women infected
with HPV we found a high proportion of multiple infections
(34%). This is in concordance with other results with the same
basic techniques® and studies with other sensitive HPV-typ-
ing methods.?

The strengths of this study are the large number of pa-
tients with recurrent disease, the long observation time and
the design that allowed us to specifically study recurrent
cases occurring more than 2 years after treatment while
excluding the residual and presumably incompletely treated
patients. The latter is important, as there is a great need for
studies evaluating strategies for long term follow up. To our
knowledge no such studies have been published previously.

The observational case-control design is prone to bias,
although we tried to minimise these by selecting controls
matched for the potential confounders age and time-period
for treatment. We have not included specific data on treat-
ment modality. The way to treat dysplasia has changed over
time since the 1970s but for each period of time it has been
quite uniform for different grades of CIN.?* The risk that cases
and controls would have received different treatments should
be minimal by these matching parameters.

The HPV-testing was made on archival smears, a method
that is considered reliable®? and has become increasingly
common in research of HPV-epidemiology.?® The somewhat
surprisingly small difference in HPV-status between cases
and controls could theoretically be caused by a lack of sensi-
tivity in the analysis of HPV. However, the fraction of HPV po-
sitive smears among the controls was higher than that found
in a Swedish population study with a smaller range in age but
the same median age, and where fresh samples were used for
analysis.?* Furthermore, two samples could be analysed in
97% (550/567) of the women in the study and a case or a con-
trol is considered positive if only one of the samples are HPV-
positive, and this decreases the risk for lack of sensitivity in
the laboratory analysis. There is, of course, a theoretical pos-

sibility of cross contamination that could decrease the ratio of
HPV between controls and cases when using a highly sensi-
tive method of DNA-detection.?® Such contamination can oc-
cur at the time of extraction and HPV-testing. This risk,
however, we rule out as the laboratory work was meticulous
on this point, with blanks and in very experienced hands.
Cross contamination could also have occurred in the fixation
bath during collection or when mixed with other samples
during staining in the cytology laboratory. However, such
hypothetical contamination that could have increased the
rate of HPV-positivity among controls, is still not in accor-
dance with the absence of HPV-DNA in 74% of the cases.

Another limitation is that we have relied on the original
histology diagnosis. However, the pathology expert re-analy-
sis of 100 random samples showed that the original diagnosis
were quite accurate at this university laboratory and did not
indicate that a re-analysis of all the 756 histological samples
would have had a decisive impact on our results.

At first glance the results can seem somewhat surprising
and contrary to the present scientific opinion. However, to
our knowledge, only one study has addressed the issue of
HPV-testing for recurrent disease after trying to sort out the
residual cases. A study by Bollen and colleagues ® separated
residual and recurrent disease (less or more than 1 year post-
treatment) but the results are not comparable as HPV-status
was checked shortly before biopsy. The case-control study
of the co-author Chua/Wallin and Hjerpe® showed much
higher difference between cases and controls but the num-
bers were small and the great majority of the recurrences oc-
curred within the first 2 years that were excluded in our study.
Most other studies are prospective with fairly short follow up
periods, a small number of patients and a minimal number of
recurrences.>?”® A Dutch study®® reported high negative
predictive value of post-treatment HPV-test, but only two wo-
men in this material developed high grade CIN later than 2
years after initial treatment. However, with a case-control de-
sign, Cruickshank and colleagues®® had results in close con-
cordance with ours. They studied 107 cases of CIN3 with
time to recurrence unaccounted for, and 101 matched con-
trols. About half the women were positive for HPV 16/18 at
baseline and HPV status at 6 months post-treatment revealed
an OR of 3.1 compared with controls without recurrence.

In this study the fraction of HPV-positives was constant
between 6 and 12 months post-surgery for the cases while it
has been almost halved among the controls. 4.4% of the cases
had the same HPV-types in the two cervical samples which is
a sign of persistent infection. Successful treatment of dyspla-
sia is most often followed by eradication of HPV.'® Thus we
cannot rule out the possibility that these recurrent CIN2+ dys-
plasias in some cases can be attributed to unsuccessful treat-
ment. However, the vast majority of the cases did not have
HPV in either sample and most probably have been infected
with high risk HPV infection at a later stage. This is in accor-
dance with our finding that a higher proportion of cases be-
came HPV-positive in the 12-month smear with 6-month
smear negative, compared with the controls. The condition
(host and possibly environmental) that once led to the cervi-
cal lesion treated, usually persists and these women have
an increased risk for re-infection and persistence with high
risk viruses.?*? This is the probable cause for the limited
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protection we found with negative HPV-test when the long
term effects are evaluated. It should be noted that our study
is restricted to the predictive ability of high risk HPV- testing
for long time recurrence when HPV is tested within 2 years
after treatment and does not rule out a better use of HPV-test-
ing after 2 years, a strategy we have not studied.

5. Conclusion

There was a significant difference in ORs based on post-treat-
ment HPV status 6-12 months after treatment, between cases
who had recurrent diagnosis of high grade cervical dysplasia
more than 2 years after treatment and controls who had not.
This difference is most pronounced in the earliest period
studied 2-3.6 years and decreases when cases that had their
recurrences later, were compared with their matched con-
trols. However, 76% of the cases were HPV-negative in both
samples taken 3-24 months post-treatment. This study does
not support the notion of separate protocols for long term fol-
low up based on HPV-status within 24 months after treatment
for high grade cervical lesions.
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