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Abstract

New strategies for cervical cancer screening include HPV DNA testing. Using self-testing
methods would increase access to testing in both developed and developing countries. The
purpose of this study was to compare time-to-clearance of specific HPV types between clinician-
collected-lavage (CC-L) and self-collected (SC) sampling in a single cohort. CC-L and SC
samples were obtained every 4 months at alternate 2-month windows from 537 women. Eighteen
high-risk (HR) HPV and 4low-risk HPV were examined. Proportional hazards model was used to
compare time-to-clearance between methods for combined HR and for 13 specific HPV types.
Prentice-Wilcoxon test was used for within-subject paired comparison. In the independent analysis
for combined HR and LR types, no differences were found. For specific types, time-to-clearance
for all HPV types examined between CC-L and SC samples was similar except for HPV 66 which
showed a trend to clear slower by SC (p=0.09). When comparing methods in the same woman,
time-to-clearance was similar for all types except for HPV 16 which showed a trend to clear
slower by CC-L means (p=0.08). When we examined pattern of clearance among the CC-L
samples, the fastest types to clear were HPV 6, 18, 66, 84 and 39 and the slowest were HPV 62,
68, 59 and 16. These patterns of fast and slow were similar for SC samples. Our findings suggest
using SC vaginal swabs would observe similar natural histories of HPV compared to studies using
CC-L specimens making self-testing feasible for repeated HPV DNA detection.
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Introduction

Data from epidemiology studies describing the natural history of human papillomavirus
(HPV) show that cervical infection with HPV is common and often transient with only a few
individuals developing persistent infections.1=3 As HPV persistence is associated with
cervical cancer risk, HPV testing has recently been introduced as a cancer-screening tool.*
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The predictive value is based on the premise that detection of HPV in certain populations
identifies persistent infections. The majority of these studies examining HPV testing require
the aid of a speculum to adequately visualize the cervix while sampling tissue for DNA
detection. Since the requirement of a speculum limits studies to clinic populations, several
investigators have examined the possibility of using self-sampling from the vagina as a
research and clinical tool.>~11 Its use in populations hard to reach is particularly attractive.

Cross-sectional studies comparing self-sampling and speculum-assisted sampling have
shown varied correlations ranging from .24 to .96.9 12-17 The inference from the studies
with lower correlations may be that certain HPV types preferentially infect the vagina rather
than the cervix or vice versa and sampling techniques reflect these differences. On the other
hand, if the natural history of HPV types that infect the vagina is different than HPV types
found in the cervix, then discordant findings would be expected if samples were compared at
asingle point in time.> 18

In addition to clinical studies, epidemiology studies may benefit from using self-sampling
since cohort studies are often restricted to groups who seek gynecologic care. No study to
date has investigated whether self- and clinician-collected samples in the same cohort of
women provide comparable information about aspects of the natural history of infection.
The aim of this study is to compare the time-to-clearance type-specific, low and high-risk
HPV infections detected by clinician-collected (CC-L) sampling and self-collected (SC)
sampling in a single cohort of women.

Materials and Methods

Subject population

Women were part of a cohort study designed to examine the natural history of HPV. Women
recruited between 2000 and 2006 were eligible for this analysis. Recruitment of these
women has been detailed previously.19 In brief, women were recruited from a state
university medical clinic and a Planned Parenthood clinic. Women were eligible if they were
between the ages of 13-21 years and had less than 5 years of sexual experience. Women
were excluded if they were planning to move within 3 years, immunosuppressed, currently
pregnant or had a history of ablative or surgical therapy of the cervix. This study was
approved by the University of California, San Francisco and San Francisco State University
institutional review boards. Written consent was obtained by a trained study coordinator in a
private room. At 4-month intervals, samples were obtained for HPV testing using a visually
directed cervical lavage by the study nurse practicioners.19

In addition to the study visits, women were asked to obtain self-collected samples at the two
month time period between the study visits. Hence the self-samples were collected every 4
months but at alternate times to the cervical lavage samples (see schematic representation in
Figure 1). For self-collected samples, women used a kit that contained written instructions
and supplies. They were instructed to insert a single sterile, scored Dacron swab as far into
vagina as possible and move it up and down five times while keeping it in the vagina, then
to remove the swab and place it into a tube containing 1mL of specimen transport medium
(Quiagen, Valencia, CA). Women were instructed on the collection method with both verbal
and written instructions at the initial clinic study visit. Women could choose to perform the
self-collection at the study’s clinic or to receive and return the self-collection kits by mail. A
pilot study to examine the integrity of samples via mail was performed and showed that
mailed samples had equal integrity as clinic-collected.

Int J Cancer. Author manuscript; available in PMC 2011 October 15.
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Lavage and self-collected samples were processed as previously described.19: 20 Thirty-
seven HPV genotypes were detected using PCR amplification with PGMY09/11 primer
system (Roche Molecular Diagnostics, Inc., Alameda, CA). The following HPV types were
detected: 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51-56, 58, 59, 61, 62, 64, 66-73, 81—
84, 89; beta-globin detection was used as sample adequacy control.

CVL vs. cervical swab

Since the clinician collected samples in this study were by lavage and self swab, we did a
small pilot study to compare the two in the same women. In 48 consecutive women in the
study, a cervical swab and a CVL were collected at the same visit. The correlation was
excellent (kappa coefficient = 0.87 [95% C.1. = 0.76 — 0.98]). HPV was detected from the
swab in 19 women and all the HPV types were detected by CVL. In 3 women, one
additional type was detected by CVL (HPV 81, 18 and 59, respectively). Twenty-seven
women were HPV negative by swab and CVL. Two women were negative by swab but had
one HPV type detected by CVL (HPV 62 and 53, respectively). In summary, the CVL
detected all HPV types detected by swab and picked up additional types in 5 (10%) women.

Data analysis

Only the most common high-risk (HR) and low-risk (LR) HPV types detected in cervical
samples were examined. Since most HPV infections in young women are extremely
transient with 50% clearing within 6 months, criteria for the most common was based on
their frequency among all samples, not merely prevalence or incidence. This allowed us to
examine time-to-clearance among those HPV types which were more likely to persist by
either collection strategy. Cutoff for most common HR types to be examined type-
specifically was a frequency of >1.0% among the CC-L samples. Only the 4 most common
LR types were examined since these were chosen for comparison since they have no clinical
indication. Time-to-clearance was calculated for initial infections with a specific type for
each collection method. If a woman had infections with more than one of the selected HPV
types, she was included in analysis for each type.

Clearance of type-specific infection was defined to occur at the first instance of two
consecutive HPV-negative samples. Each woman was allowed into the analysis only once
for each type. HPV infections followed by a single negative sample were treated as censored
at the time of the last positive test. This aim of the study was accomplished by comparing
the two methaods in three different ways. The first approach compared methods
independently of each other. First infection of HPV type X detected by CC-L among all
women were compared to the first infection of HPV type X detected by SC among all
women. For the first approach, normal between-method comparisons for time-to-clearance
were based on Cox proportional hazards model with SC/CC-L method representing
independent variables adjusting for age and prevalence. Because the same woman can
appear in both SC and CC-L data, the within-subject variance was adjusted using robust
sandwich estimate.2! This analysis was performed for each of the most common types as
well as combining the results for the 18 HR types (which included probable HR) and the 4
LR types separately to enhance precision. Definition of HR types (16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59) and probable HR types (26, 53, 66, 68, 73, 82) was based on Munoz et
al. 22 In the first approach, not all women had the same type infection. The second approach
compared methods in the same women. So HPV X must be present in both the SC and CC-L
samples from the woman. We realized our staggered testing strategies for the methods
limited our ability to make direct within-individual comparisons of clearance events. To
adjust for these factors, we examined time-to-clearance of a specific type starting with the
initial positive CC-L specimen. In the second approach, time-to-clearance from the CC-L
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specimen using repeated CC-L sampling was compared to time-to-clearance using repeated
SC sampling in the same women. Time-to-clearance used Prentice-Wilcoxon statistics for
paired, censored event times. This analysis adjusted for the 2-month lag between CC-L and
SC. We then made similar comparisons but started with the initial infection detected by SC.
Because the test for comparison is not a model-based approach, only one parameter is
allowed to compare time-to-clearance. Consequently, adjustments for age and prevalence
was not possible. Unadjusted p values are given. A third approach compared time-to-
clearance from first infection visit for each HPV type (X, Y, etc) within each methods of
collection. Between-type comparisons for each of the two methods of collection was
performed using Cox proportional hazard model, adjusting for within-subject variables. This
allowed us to observe which HPV types among CC-L samples were fastest or slowest and
compare these patterns to what we observe among the SC samples. The three approaches are
schematically presented in figure 1.

When we examined the data for specific visits, we noted that more SC samples were missing
than CC-L. Because this imbalance could introduce bias in between-method comparisons of
distributions of time-to-clearance, we used imputation for both collection methods to
provide more complete data for the figures. Random assignment based on the observed type-
specific probability was given to the missing result for missing SC samples when two
consecutive CC-L samples were both negative or both positive. The same was true for the
missing CC-L samples. The missing results in all other scenarios were considered not
imputable and considered missing (e.g. missing sample with one flanking positive and
another flanking negative). Since the imputed results gave similar data as the unimputed,
only imputed results are displayed.

Population demographics

Six hundred twenty four women were enrolled in the Natural History of HPV in Teens
study. Five hundred thirty seven had provided both cervical and vaginal samples between
2000 and 2006 and were eligible for this analysis. Mean follow-up time was 996 days (range
42 to 1785 days; standard deviation (SD) 481.6). Demographic characteristics of the 537
women are given in Table 1. The median number of lifetime sexual partners is 3. The
majority of initial infections were incident (80%). Thirty-eight (7.1%) women had multiple
types on initial SC and 46 (8.6%) on initial CC-L visit. From these women, we had 4330
CC-L and 3080 SC samples. If we assumed all women had all visits, we would have
expected 4,539 CC-L samples and 4,539 SC samples. However, there were 209 missing CC-
L samples and 1,459 missing SC samples. Per the imputation criteria, we imputed 99 CC-L
(2.1%) HPV results of which the majority (93%) of the imputations were negative. We
imputed 913 SC samples of which the majority (96%) of the imputations were negative. The
probability of being negative between two negatives was close to 100%.

In the longitudinal cohort, the most common high-risk HPV infections detected among the
4,330 CC-L samples were 16, 18, 39, 51, 52, 53, 59, 66 and 68 (Table 2). The same 9 were
also found to be the most common high-risk types from the 3,080 SC samples. Of the 13
types listed in Table 2, HPV 16 was found to be the most common initial (defined as first
ever detected whether prevalent or incident) infection detected by cervical or vaginal
sampling. The most common low risk types were 84, 6, 89, and 62 for both methods.

Int J Cancer. Author manuscript; available in PMC 2011 October 15.
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Comparison of time-to-clearance for combined HR and LR HPV types and specific HPV
types between CC-L and SC samples

Among all samples and all women, no significant differences were found for all 18 HR HPV
types (inclusive of the probable HR types) (p=0.24) or 4 LR HPV types (p=0.84) (Figure 2).
When we excluded the 6 probable HR types, similar observations were made for the 12 HR
HPV types (p=.22) (curve not shown). P values are adjusted for age and prevalent infection.

We next examined differences between 13 specific HPV types with CC-L frequencies
greater than 1.0%. Among all samples and all women, no significant differences were found
between clearance time distributions from CC-L and SC samples for each of the HPV types.
A trend was found for HPV 66 (p=0.09) (Figure 3A). HPV 66 appeared to clear slower by
SC means compared to CC-L. The above analysis was independent of sampling method
results. To examine the time-to-clearance within a woman, we used the second approach
which started with an initial CC-L positive test and compared time-to-clearance by sampling
method. We again found no significant differences in to time-to-clearance for any HPV type
(Figure 3B). A trend was found for HPV 16 (p= 0.08) which showed that CC-L samples
cleared slower than SC samples. We also examined time-to-clearance between methods
starting with a positive SC sample and again found no difference (p values ranged from 0.16
to 0.97) (data not shown).

Time-to-clearance of specific HPV types among CC-L samples and among SC samples

The third approach to compare sampling method was to examine patterns of HPV types
(faster, slower) within a sampling method and see if those patterns were also present in the
other method. Among the CC-L samples, HPV 6, 66 and 18 had the shortest time-to-
clearance with 97%, 95% and 95%, respectively, showing clearance by 1 year. Following
these 3 types, HPV 84, 39 and 89 were the second fastest group to clear. The slowest to clear
by one year were HPV 62, 68, 59 and 16. HPV 6 was statistically significantly faster to clear
than HPV 16, 39, 51, 52, 53, 59, and 68. Among HR HPV types, HPV 66 was faster to clear
than HPV 16, 53, 59 and 68 and HPV 18 was faster than 59 and 68 with a trend for HPV 16.
HPV 39 was also found to clear faster than HPV 59 and 68. HPV 16 was similar to most
other oncogenic HPV types except 66 as noted. Among the LR types, HPV6 was also faster
to clear than HPV 62 and 89, but not HPV 84. Curves for time-to-clearance of CC-L
samples are shown in Figure 4; times-to-clearance and Hazard ratios for CC-L samples are
summarized in Tables 3 and 4, respectively.

Similar patterns were seen among the SC samples. The top 6 fastest types to clear by 1 year
were the same as seen among the CC-L samples (in order starting with fastest: HPV 6, 84,
89, 39, 18 and 66). The slowest to clear were also similar (in order starting with the slowest:
HPV 62, 16 and 68). Statistical comparisons found that HPV 6 was significantly faster than
HPV 16, 52 and 59 with trends for HPV 53 and 68. Among the high risk types, HPV 39 was
faster to clear than HPV 16, 51, 52, 53, 59, and 68 with a trend for HPV 18. Among the
high-risk HPV types, no statistically significant differences were seen for HPV 18 or HPV
66, as seen with the CC-L samples. HPV 16 again was similar to the other high-risk types
except HPV 39. Among the low-risk types, HPV 6 was faster than HPV 62, but no
difference was seen for HPV 84 and 89. Curves for time-to-clearance for SC samples are
shown in Figure 4; times-to-clearance and Hazard ratios for SC samples are summarized in
Tables 3 and 4, respectively. In a separate analysis, we compared HPV 16 time-to-clearance
to all the other oncogenic types combined and found no statistical difference for either the
SC or CC-L samples (data not shown).

Int J Cancer. Author manuscript; available in PMC 2011 October 15.
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Comparison of flanking CC-L and SC samples

The previous analysis focused on the natural history with repeated measures. We were also
interested in examining how often CC-L and SC samples correlated in proximity to time.
This analysis focused on high-risk types only and no imputed data were used for this
analysis.

First, we examined the probability that the intervening SC sample was positive if 2
consecutive CC-L samples were both positive for the same type. If 2 consecutive CC-L
samples were positive for the same type, 69% (range 53% — 88%) of intervening SC
samples were also positive for the same type (+++). HPV 18 had the highest probability
(88%) and HPV 53 had the lowest (53%). In comparison, if 2 consecutive SC samples were
positive for the same type, 61% (range 30% — 77%) of the intervening CC-L samples were
positive (p = 0.02). HPV 59 had the highest (77%), and HPV 39 had the lowest (30%).
Results for specific HPV types are shown in Table 5; columns A and B. If 2 consecutive
samples were negative, whether CC-L or SC, the intervening sample was almost always
likely to be negative. The probability was over 99% for all types (data not shown).

We next examined the rate of SC positive samples if we used repeated SC sampling. Among
2 consecutive positive CC-L samples, the rate of matching positive tests was higher if two
consecutive SC samples were examined; 90.4% (range 75%-100%) of positive CC-L
specimens had at least one flanking SC sample [either sandwiched (+&+) or before (B+-+-)
or after (-+-+@) positive for the same type. The rate of matching positive tests was also
higher when examining the inverse relationship. Among 2 consecutive positive SC samples,
80.3% (range 56% to 95%) of positive SC samples had at least one flanking CC-L sample
(either sandwiched or before or after) positive for the same type. Results for specific HPV
types are shown in Table 5; columns C and D.

Discussion

This is the first study to compare estimates of specific features of the natural history of HPV
based on both SC and CC-L samples in a single cohort. We showed that both sampling
methods lead to similar estimated clearance rates for high-risk and low-risk HPV types,
suggesting that both likely obtain HPV-infected cells in the same vicinity. In addition,
“patterns” of HPV types which were fastest or slowest among the SC samples were
extremely similar to the CC-L samples. HPV 6, 18, 39, 66, 84 and 89 were found to be the
fastest to clear by both methods and HPV 68, 16 and 62 were the slowest to clear. All of
these findings show that the natural history defined by SC will be similar for most HPV
types to that observed by CC-L samples. This conclusion was underscored by the fact that
the natural history of women with an initial positive cervical test was similar if followed by
CC-L samples or if followed by SC means. We believe self-sampling will be an excellent
tool for following women with HPV infections. Its clinical use has yet to be defined,
however, one example would include follow-up of women who are HR-HPV positive but
have normal cytology. Rather than require a repeat clinical visit as currently

recommended 4, women could mail in an SC sample.

Although most HPV types display similar clearance patterns, HPV 66 had a trend
association with faster clearance in the CC-L samples when directly compared to SC
samples in the independent analysis and HPV 16 had a trend for the within-woman analysis
with CC-L samples clearing somewhat slower. This finding was consistent for HPV 66 with
the observation that within the CC-L samples 66 cleared faster (statistically) than some of
the other high-risk types whereas within the SC samples this difference was not observed.
Little to nothing is known about the natural history of vaginal HPV and its relationship to
vaginal cancers. However, the slower clearance in the SC swabs has likely no clinical

Int J Cancer. Author manuscript; available in PMC 2011 October 15.
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implications since HPV 66 is equally rare in vaginal as well as cervical cancers.?3 24 The
slightly slower clearance seen in the CC-L samples for HPV 16 may imply that a negative
test by SC for HPV 16 must be interpreted with some caution.

Of interest, HPV 16 did not vary significantly from most of the other HR-HPV types in its
natural history, whether measured by CC-L or SC means. This finding is consistent with
several studies which show that incident HPV 16 infections do not clear at a substantially
different rate than other high-risk HPV types.25-28 Others have shown that the longer HPV
persists, the more likely it is to persist.28: 22 Hence, studies in older women are more likely
to represent HPV 16 persistent infection at entry. As seen in other studies using cervical
sampling, low-risk HPV 6 was much faster to clear than the high-risk types by either
method.2? Interestingly, the other low-risk types behaved much closer to the other high-risk

types.

In contrast to the comparisons over time, the cross-sectional analysis pointed to
discrepancies between methods. Because of our 2-month sampling design, we were unable
to examine test results at the same moment. However, we were able to look at results for one
method sandwiched in time between results for the other method. In this analysis, we
selected women with HPV persistence of 4 months. We showed that the probability of
having a positive SC sample obtained between two positive CC-L samples was around 70%.
These results suggest that a single SC swab may miss a type detected by CC-L, as found in
other studies.39 However, these discrepancies appear to become mute over time. If we
looked at 2 consecutive SC samples (i.e., the one sandwiched or the ones before or after the
two consecutive positive CC-L samples), the chance of at least one of them matching the
CC-L was much higher — closer to 90%. This observation is similar to cytology where the
sensitivity of CIN detection increases with the frequency of the testing. In the case of self-
sampling which could be mailed in, there may be cost savings that offset the need for
repeated sampling. Of the specific HPV types examined in this study, HPV 16 had one of
the greater chances of missing a cervical infection (20%) even with repeated sampling.

One of the limitations of our study was that we employed cervical lavages as used in other
natural history studies®! which may have enhanced the correlation as compared to clinician-
collected swabs which are more directed to the cervix. The large number of missing SC
samples compared to CC-L samples may have also influenced our results. We feel that this
did not significantly impact our results since the unimputed data looked similar and the
majority of imputations were negative samples sandwiched between other negative samples.
Using the raw values, the probability for this occurrence for most types was over .95. These
studies should also be performed in older women since the similar findings in the natural
history in our study may have been influenced by the fact that most HPV infections in young
women are transient. Clearly, the clinical utility of our findings will rely on further work
focusing on detection of high-grade squamous intra-epithelial lesions (HSIL) in women,
specifically using HPV 16 and 18 specific detection tests. We had too few cases to examine
HSIL as an outcome in this young cohort.

In conclusion, clinician-directed lavages and self-obtained sampling show little difference in
describing the natural history of HPV making self-sampling an attractive and feasible
method of following women with HPV.

Novelty and Impact of Paper
Self-collected samples are equivalent to clinician-collected samples in defining the
natural history of HPV.
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Abbreviations used

CcC clinician-collected

DNA Deoxyribonucleic acid
HPV Human Papillomavirus
HR High-risk

LR Low-risk

PCR polymerase chain reaction
SC self-collected

CVL Cervical vaginal lavage
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SC = self-collected sample

Figure 1. Cartoon shows the design of sample collection with the collection of self-swabs (SC)
flanking the clinician-collected lavage (CC-L) samples at 2-month intervals

Cartoon also depicts the 3 approaches to the time-to-clearance analyses. The first approach
compared methods independently of each other—all women were included whether they did
or did not have the same HPV type by SC and CC-L. Figure 2 and 3A reflect approach 1.
The second approach compared methods in the same women—aonly women with the same
HPV type in both the CC-L and flanking SC were included. Figure 3B reflects approach 2.
The third approach compared specific HPV types within each method allowing the
observation of which types cleared fastest or slowest within each method. Figure 4 reflects
approach 3.
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Figure 2. Comparison of type-specific time-to-clearance for 18 HR-HPV types combined and 4
LR HPV types combined between self-collected (black line) and clinician-collected lavage (gray
line) samples

X-axis is in days and Y-axis is proportion remaining positive. Figure reflects the curves
inclusive of all women. P-values are comparison of all 18 HR HPV types (including
probable HR types) and all 4 LR HPV types between methods using Cox Proportional
Hazards Model adjusting for within-subject variance, age, and prevalence.
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Figure 3. Comparison of type-specific time-to-clearance between self-collected (black line) and
clinician-collected lavage (gray line) samples

X-axis is in days and Y-axis is proportion remaining positive. Column A reflects curves
inclusive of all women. P values are comparison of type-specific time-to-clearance using
Cox Proportional Hazards Model adjusting for within-subject variance, age, and prevalence.
Column B reflects curves for women who were initially positive by CC-L. Comparison in
time-to-clearance is between sampling methods: SC vs CC-L for the same woman. P values
are comparison of type-specific time-to-clearance using paired Prentice-Wilcoxon. Number
of subjects for each HPV type and rates of clearance are given in Table 3.
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Figure 4. Comparison of HPV type-specific clearance among clinician-collected lavage samples
and self-collected samples
See Table 3 for clearance rates and Table 4 for statistical comparison.
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Table 1
Demographics Characteristics (N=537)

Mean age (range) 18 yrs (12.4t0 21.9)
Mean age at 1%t intercourse (SD) 16.5 yrs (1.95)
Mean years since menarche (SD) 5.8yrs (2.2)
Mean number of lifetime sexual partners (SD) 4.71(6.22)
Race/ethnicity

White 31%

Asian/Pacific Islander 16%

Black 9%

Latina 6%

Mixed/other 38%
History of sexually transmitted infection prior to entry ~ 8.4%

SD = standard deviation
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Comparison between flanking clinician-collected lavage and self-collected samples for 9 high-risk HPV types

Table 5

A B C D
HPV type Probability of Probability of Probability of Probability of
intervening SC  intervening CC- intervening or intervening or
sample being L sample being flanking SC flanking CC-L

positive between
2 consecutive

positive between sample being
2 consecutive positive when 2

samples being
positie when 2

positive CC-L positive SC consecutive CC-  consecutive SC
samplesl samplesl L samples are samples are
positive2 positive2
16 .67 .67 .79 .90
18 .88 .50 1.0 .57
39 .80 .30 1.0 .56
51 .78 74 .98 .95
52 .68 .60 91 .79
53 .53 .67 .87 91
59 .70 a7 97 .95
66 .60 .54 75 71
68 .60 72 .87 .89

1 . .
compares +@+ vs +©+, where o reflects the intervening test.

2 . . .
compares +@+ or +-+@or ©+-+ vs©+O+6O, where o reflects the intervening or flanking test.
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