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Abstract. Women treated for high-grade cervical-intraepithe-
lial-neoplasia (CIN) require long-term follow-up with high-risk
human-papillomavirus (HPV) testing. Self-sampling for HPV
is well-accepted among these patients, but its role in follow-up
for this group requires investigation. The present study exam-
ined how well HPV findings from self-sampled vaginal (VSS)
and urine specimens correctly identified women from this
cohort with recurrent CIN2+ compared with samples collected
by clinicians. At 1st post-conization follow-up, 531 patients
(99.8% participation) gave urine samples, performed VSS,
underwent colposcopy with punch biopsy of visible lesions
and clinician-collected cervical sampling for HPV analysis
and liquid-based cytology. A total of 113 patients with positive
HPYV and/or abnormal cytology at 1st follow-up underwent 2nd
follow-up. At 1st follow-up, all patients with recurrent CIN3
had positive HPV results by all methods. Clinician sampling
and VSS revealed HPV16 positivity in 50% of recurrent
cases and urine sampling revealed HPV16 positivity in 25%
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of recurrent cases. At 2nd follow-up, all 7 newly-detected
CIN2/3 recurrences were associated with HPV positivity on
VSS and clinician-samples. Only clinician-collected samples
detected HPV positivity for two adenocarcinoma-in-situ recur-
rences, and both were HPV18 positive. A total of 77 patients
had abnormal cytology at Ist follow-up, for which HPV
positivity via VSS yielded highest sensitivity. The HPV find-
ings were positive from VSS in 12 patients with high-grade
squamous-intraepithelial-lesions (HSIL), and 11 patients
with HSIL had positive HPV findings in clinician-collected
and urine samples. All methods for assessing HPV presence
yielded significant age-adjusted odds ratios for predicting
abnormal lesions at 1st follow-up. For overall HPV results,
Cohen's kappa revealed substantial agreement between VSS
and clinician sampling, and moderate agreement between
urine and clinician sampling. Clinician sampling and VSS
were highly concordant for HPV16. Insofar as the pathology
was squamous (not glandular), VSS appeared as sensitive as
clinician sampling for HPV in predicting outcome among the
present cohort. Since VSS can be performed at home, this
option can maximize participation in the required long-term
follow-up for these women at high-risk.

Introduction

Women in whom high-grade cervical intraepithelial
neoplasia (CIN) has been identified and treated require
long-term follow-up compared to the general population (1),
because of their increased risk for disease recurrence (2).
However, evidence-based guidelines to optimize post-thera-
peutic screening are still needed (3).

Because of the well-established role of high-risk human
papilloma virus (HPV) in the etiology of cervical cancer, HPV
testing is now accepted to be used to assess recurrence risk
after high-grade CIN treatment. Indispensible insights are
gleaned thereby (2.,4,5).

Besides clinician-collected samples, women themselves
can collect vaginal and/or urine samples for HPV testing. With
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concerted efforts to maximize self-sampling reliability (6),
using validated polymerase chain reaction (PCR)-based
assays (7), accuracy is reportedly similar from self-collected
compared to clinician-collected samples (8).With these devel-
opments, HPV testing from self-collected samples is becoming
a viable, cost-effective cervical-screening option (9).

InRef. (10) we recently examined the views on self-sampling
forHPV among 479 women treated for high-grade CIN. The vast
majority of these women considered self-sampling to be easily
implementable, and could envision themselves performing
self-sampling at home before their next gynecologic examina-
tion. We concluded that insofar as HPV self-sampling was as
diagnostically accurate as clinician-collected samples for this
high-risk cohort, the former could become an integral part of
the post-therapeutic screening armamentarium.

This possibility becomes especially timely given the
present COVID-19 pandemic. In other words, these women at
elevated risk for cervical cancer could eventually perform at
least a part of the needed screening outside the clinic setting.
In a broader framework, given that long-term follow-up is
essential for this cohort, whether or not HPV self-sampling is
a viable option for these women becomes a critical issue to be
examined.

The present study addresses this question, examining how
well positive HPV findings from self-sampled vaginal and
urine specimens, compared to clinician-collected cervical
samples, correctly identify women from this cohort with
recurrent high-grade CIN. We also compare how well HPV
findings from self-collected vaginal and urine samples versus
clinician-collected cervical samples identify women from this
cohort with abnormal versus normal cytology at follow-up.
The latter outcome variable currently impacts directly upon
decision-making: Namely, whether the patient will be triaged
for further intensive follow-up or whether she will be returned
to the routine screening program.

Materials and methods

Study design, population and setting. This study includes
patients first-time treated by conization for histologi-
cally-confirmed CIN2* or adenocarcinoma-in-situ (AIS)
at Stockholm Hospitals: Karolinska University, Danderyd
or South General, from 10/2014-1/2017. The Research
Coordinator, Ellinor Ostensson, contacted these patients
shortly after treatment, to arrange st follow-up at Karolinska
University Hospital. This 1st follow-up visit was targeted to be
at approximately six months post-treatment. With determined
efforts to schedule a convenient time, all 532 patients attended
follow-up #1.

Upon arrival for follow-up #1, each woman met with
the Research Coordinator (EO), who explained the study
procedures: Self-collection of samples for HPV testing;
questionnaire [results, including detailed demographic
analysis (10,11)]; gynecologic examination with colposcopy
and cervical sampling as clinical follow-up. The stated study
aim was cervical cancer prevention. Assurance was given of
confidentiality and freedom to withdraw any time without
adverse consequences. Informed consent was signed with
the options: Agreement or decline to participate. All but one
patient agreed. Karolinska Ethics Committee approved the

study protocol (2006/1273-31, 2014/2034-3). Thus, the total
number of patients in the present study is 531.

Self-collected samples at follow-up #I. The participants gave
urine samples and carried-out vaginal self-sampling (VSS)
in the care-site restroom. Verbal instructions were given for
collecting initial urine stream in a plain cup and for VSS
with a kit (Qvintip-Aprovix-AB), plus written description
for kit use. The patients were instructed to collect urine
before VSS. Both samples were given to EO for handling.
Aprovix AB, Uppsala, Sweden provided Qvintip devices for
self-collection of vaginal material. Abbott provided sample
kits for HPV analyses performed at Fiirst Medical Laboratory,
Oslo, Norway. Aprovix and (Abbott had no influence on study
design, statistical analyses, or article writing).

Colposcopy, clinician-collected cervical samples at follow-up
#1. The patients met the gynecologist (Dr Andersson or
Dr Mints), who performed colposcopy and cervical sampling.
Colposcopy-directed punch biopsies were taken from visible
lesions, when present. Histologic grading of biopsies was
performed at Karolinska University Hospital, following stan-
dard procedures, according to CIN classification (12). Samples
were taken from the ectocervix using plastic spatulas and from
the endocervix with cervical brushes, and transferred into
PreservCyt liquid-based cytology (LBC) vials according to
European guidelines (13).

Routine follow-up tests, further patient management. The
LBC was performed at the Cytology Department, Karolinska
University Hospital, according to the Bethesda system (14).
The HPV DNA testing was completed on-site with the hospi-
tal's standard: Cobas 4800 HPV (Roche Diagnostics). Cobas
HPV and LBC results from follow-up #1 informed subsequent
management: Women with positive Cobas HPV and/or cyto-
logical abnormalities were referred for follow-up #2, which
entailed the same standard protocol as follow-up #1, according
to national guidelines and was most often scheduled at about
one year after follow-up #1. Women with negative HPV Cobas
findings and cytology negative for intraepithelial lesions or
malignancy (NILM) returned to routine triennial screening,
as per national guidelines. When a recurrent lesion was found,
the patient was sent for follow-up treatment. Depending on the
clinical evaluation and other considerations, treatment entailed
re-excision or simple total hysterectomy.

Handling of triplet samples for comparative HPV testing.
Within 1 h of collection, urine samples were vortexed
for 15-20 sec prior to transferring a 2.5 ml aliquot to a
Cervi-Collect transport tube (Abbott-Molecular), containing
transport medium. The tubes were labeled with a unique iden-
tifier, mixed with transport medium by vortexing for 15-20 sec
prior to storage at -10°C or colder up to 1 month before
shipment. Urine samples packed in plastic bags were put in
polystyrene boxes with dry ice for cold-chain maintenance
(-78.5°C) during air-transport. The VSS were air dried for
~3-5 min before the Qvintip device brush-heads were placed
into barcoded capped tubes. The VSS were stored at room
temperature for maximum 1 month before shipment. For clini-
cian-collected samples, LBC vials were vortexed for 15-20 sec
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followed by immediate transfer of a 2 ml aliquot into a test
tube labeled with a unique identifier. The aliquots were stored
at room temperature for maximum 1 month before shipment.
All matched triplet samples (urine, VSS, clinician-collected)
were air-transported from Karolinska University Hospital to
the testing laboratory: Fiirst Medical Laboratory, Oslo.

Comparative HPV testing. At Fiirst Laboratory, the triplet
samples were analyzed for the presence of HPV-DNA with
the RealTime High-Risk HPV PCR assay (hereafter termed
‘Abbott’), as per manufacturer instructions. These results were
for comparative purposes only and not considered for patient
management.

Abbott is a clinically-validated, qualitative, multiplex
real-time PCR test which detects HPV16, HPV 18, plus 12 other
high-risk HPV (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68)
reported as a pooled signal. The assay detects a sequence of
endogenous human 3-globin as sample validity control for cell
adequacy, sample extraction, and amplification efficiency in
each reaction. Signal strength for HPV types and for 3-globin
gene was expressed as cycle numbers (CN): The number of
PCR cycles in which a positive signal is observed. High viral
load corresponds to low CN values and vice-verse; 32 was the
cut-off between positive results and noise (negative signal).
CN were reported by the assay software and recorded by the
testing lab. Tests with negative signal for HPV and -globin
were excluded.

Statistical analysis. Univariate data analysis was performed,
with attention to HPV findings: Any HPV, HPV16, HPV18 or
other HPV with side-by-side comparisons of the methods by
which these were assessed. Pearson y” tests (or Fisher's if any
expected cell was <5) were used to assess the relation between
biopsy or cytology vis-a-vis HPV results from each of the four
methods. Biopsy results were dichotomized: (CIN2+ or AIS) vs.
(normal findings or CIN1). Cytology results were dichotomized
as abnormal versus NILM, negative for intraepithelial lesions or
malignancy. Biopsy and cytology results at each follow-up were
assessed in relation to the HPV test results taken at follow-up
#1. Additionally, biopsy and cytology results at follow-up #2
were analyzed vis-a-vis HPV results from clinician-taken
samples at follow-up #2. Fisher's and Pearson y* tests were
employed, respectively, to evaluate the relation between biopsy
and cytology results at follow-up versus HPV16 and/or HPV18
positivity, as assessed from Abbott clinician-collected samples,
VSS and urine samples. Sensitivity and specificity were
computed with 95% confidence intervals (CI). Negative predic-
tive values (NPV) and positive predictive values (PPV) were
also computed. Using logistic regression, odds ratios (OR) and
95% CI were computed for dichotomized clinical outcomes.
Each method for assessing HPV results was the independent
variable, with age as a covariate. Concordance between
methods for HPV sampling was assessed using Cohen's kappa
statistic with 95% CI.

Results
Univariate data and protocol by which the patients were

triaged. Altogether, 531 were patients included in the study.
Tables I-III summarize the univariate data. At the time of
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treatment, the mean age was 34 years, with most patients
between age 21-50; four were 20 or younger and twenty-seven
were over age 50. The majority of the patients had completed
university education and over 70% were gainfully employed.
More detailed demographic information about the patients can
be found in Ref. (11).

The histology in the excised cone was CIN2 in 133 patients
(25%), CIN3 in 370 patients (69.7%), CIN3/AIS in fifteen
patients (2.8%) and AIS in thirteen patients (2.5%). Most
patients came to follow-up #1 within eight months.

Table ITA shows that at follow-up #1, recurrent CIN2+ (CIN3
in all cases) was found in four of thirteen patients who underwent
biopsy (30.8%). Thus, at 1st follow-up the diagnosed recurrence
rate among the 531 patients was 0.8%. At follow-up #2, biopsy
was performed in twenty patients, including the four who had
recurrent CIN2* at follow-up #1. Nine more patients were found
to have recurrence on biopsy: Seven with CIN2* and two with
AIS among those sixteen patients (56.3%) who underwent
biopsy at follow-up #2, excluding the four patients with CIN3
who underwent repeat biopsy at follow-up #2. The newly diag-
nosed recurrence rate among the remaining 109 patients who
came to 2nd follow-up was thus 8.3%.

On Table IIB, for follow-up #1, seventy-seven patients
had abnormal cytology, eighty-six patients had HPV positive
findings according to the standard clinician-taken COBAS
analysis and thirty-seven patients had both positive HPV via
COBAS and abnormal cytology. Thus, altogether, 126 patients
were referred to 2nd follow-up, 113 of whom attended. Most
patients had NILM on cytology at follow-up #2. One patient
had AIS and ~11% had high-grade squamous intraepithelial
lesions (HSIL).

Table 1T further reveals that testing for any high-risk HPV
at follow-up #1 yielded all valid results for clinician-collected
samples and VSS; 44 urine samples were ‘invalid’ due to
absent HPV and 3-globin. For HPV16 or HPV18, there were
more omitted results due to CN =32 for VSS than for clini-
cian-collected samples. For HPV16 VSS showed the highest
positivity rate (4.6%), whereas for HPV18, clinician-samples
had the highest positivity rate (1.7%). Overall, VSS yielded
the largest number of positive results for HPV16 and for other
high-risk HPV.

Fig. 1 summarizes the protocol according to which the
patients were triaged. Numerical information is provided
therein concerning the various outcomes.

HPYV findings in relation to the biopsy results. Table IV presents
the predictive value of HPV findings vis-a-vis biopsy results. All
4 methods revealed positive HPV findings in the four patients
with recurrent CIN2* at follow-up #1. Two patients showed
positive HPV16 and/or HPV18 results with clinician-sampling
and VSS. For all the patients who underwent biopsy, the
HPV16 and 18 results were complete for clinician-sampling
and VSS. However, for the urine self-samples, at follow-up #1
the results for HPV16 and/or HPV18 were missing due to CN
>32 for one patient with recurrent CIN2* and at follow-up #2
for two patients: One with recurrent CIN2* and one with AIS.

Both clinician-sampling methods and VSS, all taken at
follow-up #1, revealed HPV positive findings in the seven
patients with newly-detected CIN2* at follow-up #2. From
urine self-samples, HPV positivity was seen in five of those
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Table I. Univariate findings for semi-continuous data.

Variable No. Mean Minimum Maximum SD
Age at time of treatment, years 531 34 16 66 9
Days from treatment to 1st follow-up 531 184 37 447 40
Days from Ist to 2nd follow-up 113 389 9 1,291 229

Table II. Univariate findings for biopsy and cytology results.

A, Biopsy results

Follow-up 1, %

Follow-up 2, n Follow-up 2, %

Variable Follow-up 1,n
Within normal limits 6
CINI 3
CIN2* 4
AIS 0

46 2 13
23 5 31
31 7 44

0 2 13

B, Cytology results (via LBC)

Variable Follow-up 1,n Follow-up 1, % Follow-up 2, n° Follow-up 2, %
NILM 454 86 75 68
ASC-US 28 5 6 6

AGC 5 1 2 2

LSIL 27 5 14 13
ASC-H 1 0 0

HSIL 16 3 12 11

AIS 0 0 1 1

*Only recurrent cases with newly-diagnosed CIN2+ at follow-up 2 are included in the presented biopsy data for follow-up 2. °Cytology data are
missing for three patients at follow-up 2. 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; HSIL, high-grade squa-
mous intraepithelial lesions; LBC, liquid-based cytology; LSIL, low-grade squamous intraepithelial lesions; NILM, negative for intraepithelial

lesions or malignancy.

patients. Only Abbott clinician-taken samples were HPV posi-
tive for both patients with AIS at follow-up #2; in both cases
HPV18 was also positive.

As noted at the end of Table IV, eight of the nine patients
with high-grade cervical dysplasia on biopsy at follow-up #2
showed HPV positivity via the standard assessment with Cobas
clinician sampling taken at follow-up #2. The HPV data were
missing for the ninth patient with recurrent high-grade CIN
detected on biopsy at follow-up #2. With clinician sampling
using the Abbott assay, all nine cases with high-grade cervical
dysplasia on biopsy showed HPV positivity at follow-up #1.
Thus, it appears that these biopsy-diagnosed recurrent cases at
follow-up #2 had persistent HPV positivity.

HPYV findings in relation to the cytology results. Table V shows
the HPV findings in relation to abnormal cytology versus
NILM. At follow-up #1, overall HPV positivity from VSS
was most sensitive in predicting abnormal cytology. Further
analysis revealed positive HPV findings from VSS in twelve

patients with HSIL, whereas eleven patients with HSIL had
positive HPV findings on clinician-taken and urine samples.
Positivity for HPV16 and/or HPV18 showed low sensitivity for
predicting abnormal cytology at follow-up#1, but very high
NPV and specificity with all three methods. At follow-up #2,
twenty-eight patients with abnormal cytology had HPV
positive findings with VSS and both clinician-samples from
follow-up #1. With missing data for urine samples, there
were fewer cases of positive HPV associated with abnormal
cytology at both follow-ups.

Table VI presents the significant logistic regression
models predicting abnormal cytology at follow-up #1. All
four methods yielded significant age-adjusted ORs. None of
the methods generated significant age-adjusted models for
predicting cytology at follow-up #2. The small number of
biopsies precluded multivariate analysis.

Concordance between the methods for assessing HPV. The
highest Cohen's kappa was for the two clinician-sampling
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Table III. HPV results.
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A, Follow-up 1

Clinician sampled:

Clinician sampled: Self-sampled: Self-sampled:

HPV results Cobas-4800, n Abbott, n Vaginal, n Urine, n*
Positive for any high-risk type 86 100 139 85
Negative for any high-risk type 445 431 392 402
HPV 16 positive 18 24 16
HPV16 negative 502 494 462
CN =32 11 13 9
HPV18 positive 9 7 5
HPV18 negative 517 517 476
CN =32 5 7 6
HPV Other positive 77 117 71
HPYV Other negative 423 355 358
CN =32 31 59 58

B, Follow-up 2°

Clinician sampled:

Clinician sampled: Self-sampled: Self-sampled:

HPV results Cobas-4800, n Abbott, n Vaginal, n Urine, n*
Positive for any high-risk type 47
Negative for any high-risk type 52

*Altogether, 44 results were invalid for HPV analysis for any high-risk type from urine. These 44 are excluded from HPV-subtype analyses for
urine self-samples. "HPV data at follow-up 2 were missing for 14 patients. CN, cycle numbers; HPV, high-risk human papillomavirus.

methods (Table VII). Agreement was substantial between
VSS and clinician-sampling methods, and moderate for
urine sampling versus clinician-sampling or VSS. For valid
HPV16 there was close agreement for each pair. Agreement
was substantial between clinician and VSS for HPV18.
Concordance between clinician and urine sampling was
fair for HPV18; VSS versus urine sampling agreement was
moderate. Concordance was substantial for the three methods
assessing other HPV.

Discussion

The present results indicate that VSS is as sensitive as clini-
cian-collected samples for predicting recurrent high-grade
pathohistologic results on biopsy and cytologic abnormali-
ties among women treated for high-grade CIN, unless the
pathology is glandular. Urine self-sampling yielded slightly
poorer sensitivity compared to VSS.

Ourresults for VSS cohere with the literature concerning the
value of post-therapeutic HPV testing from clinician-collected
samples for predicting subsequent outcome among patients
treated for high-grade CIN (2,5,15-19). Higher positivity rates
of VSS compared to clinician-taken samples for overall HPV
and HPV16 found herein, were also reported in Reference (20).

Positive HPV findings have been shown to powerfully
predict high-grade cervical lesions among patients with glan-
dular pathology (21,22). Positive HPV18 is strongly associated
with cervical adenocarcinoma risk, especially in its more

aggressive form (23,24). In our cohort, it was only HPV18
which was less frequently detected with VSS compared to
clinician-collected samples.

To our knowledge, there is only one other study evalu-
ating self-sampling versus clinician-collected samples as
follow-up among patients treated for high-grade CIN (25).
In Reference (25) fifty-two of 103 treated patients (50.4%)
participated in tri-monthly urine self-collection and cervical
scrapings. All three cases of CIN2* detected during one-year
follow-up showed repeated positive HPV findings on
self-sampled urine and cervical scrapings. All pre-treatment
and recurrent findings were squamous in Reference (25).

A recent investigation (26) comparing histologic findings
and triple HPV results in women undergoing colposcopy
revealed that urine-based HPV testing was somewhat
less sensitive in identifying women with high-grade CIN,
compared to VSS and provider-sampled HPV results, similarly
to our study. Our samples were from the initial urine stream,
thought to contain highest concentrations of diagnostically
relevant components (27) and to be more accurate for detecting
cervical HPV than mid-stream or end-stream samples (28).
Timing of collection may also impact the amount of viral
DNA in the sample, since more HPV DNA could be present
with an increased interval between two urinations because
more excreted mucus and debris from the genital organs can
accumulate (4). Thus, there should be sufficient time between
urine collection and previous urination (29). We specifically
instructed the participants to collect urine samples before
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(N=532)

Women 1* time treated for high-grade
cervical dysplasia

l

(N=532)

Women invited and attending 1** post-
treatment follow-up at ~6 months

Women declining to participate in
the study (N=1)

!

Women agreeing to participate in the
study (N=531)

/

Women with abnormal cytology and/or

positive HPV(standard Cobas clinician sample)
at follow-up #1 (N=127)

} \

N\

Women with normal cytology and
negative HPV(standard Cobas clinician sample)
at follow-up #1 (N=404)

!

Referred to 2™ follow-up
at~1 year

Biopsy at follow-up #1:
Recurrent high-grade cervical
dysplasia (N=4)

Referred to routine
triennial screening

|

Attended 2™ follow-up at
~1year (N=113)

Referred to treatment for
recurrent high-grade cervical

(N=9)

Biopsy at follow-up #2:
Newly-detected recurrent
high-grade cervical dysplasia

dysplasia

Figure 1. Flow chart of the protocol according to which the patients were triaged, with numerical information concerning the outcomes. HPV, high-risk human

papillomavirus.

VSS to avoid interfering with the material from the cervico-
vaginal tract. However, the urine samples were not collected
first-void in the morning, but randomly during the day. We
paid careful attention to storage conditions and preparation
of urine samples, in light of their importance for HPV DNA
detection (30). Nevertheless, 44 of the 531 urine samples were
invalid due to absence of high-risk HPV and 3-globin, whereas
all VSS and clinician-collected samples were valid.

Assessment of HPV16 and/or HPV18 was nearly always
associated with higher specificity than overall HPV findings.
This is particularly notable for VSS for which there was the
largest number, 100, of overall HPV positive findings associated
with normal cytology at follow-up #1, whereas only twenty-two
patients with normal cytology showed positive HPV16 and/or
HPV18 findings on VSS. The importance of assessing HPV16
and 18 was underscored in the review of patterns of HPV infec-
tion after treatment of high-grade CIN (3).

The present findings indicate that VSS could be a viable
option for follow-up of women treated for high-grade CIN, if
the pathology is squamous. In considering the self-sampling
option, the advantages and disadvantages need to be presented
to the patient. Namely, the chances of false positive findings
are a bit higher with VSS than with clinician-sampling, such
that repeated self-sampling might be needed. This is reflected

in a much higher percentage of positive ‘other HPV’ with
VSS, compared to clinician-sampling. Notably, among women
below age 30, positive findings only for other HPV may not
impact substantially upon risk of future high-grade CIN (31).
Also, for HPV16, 18 and other HPV, but not for overall HPV
results, there was a somewhat larger chance of a missing
result with VSS (due to above-threshold CN values). Thus,
women who would be comfortable and willing to repeat home
self-sampling could choose the VSS option.

Based on these results, our recommendation would be
against self-sampling for patients with glandular pathology. This
recommendation is based on the two patients with recurrence in
whom VSS did not yield a positive result, both of whom had
glandular pathology. In both these patients, clinician-sampling
revealed HPV18 positivity, which, as noted, appears to be a
particularly important risk indicator (23,24). To more completely
address this cautious clinical recommendation, further research
is needed vis-a-vis self-sampling for follow-up among treated
patients with glandular pathology, with special attention to
HPV18. Longer follow-up and repeated HPV assessments are
also needed in future studies comparing self-sampling and
clinician-sampling among patients treated for high-grade CIN.

Practically complete data were available for this cohort
of patients followed-up post-conization treatment for CIN2*
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Table IV. Predictive value of HPV findings vis-a-vis biopsy results.
A, HPV vs. biopsy results at follow-up #1
Normal, CINI1, CIN2+, AIS, Sensitivity, % Specificity, % NPV, PPV,
HPV results n n P-value n n (95% CI) (95% CI) % %
Clinician-Sampled: Cobas-4800 100 (40-100) 67 (30-93) 100 57
Positive for any high-risk type 1 2 4 0
Negative for any high-risk type 5 1 <0.09 0 0
Clinician-Sampled: Abbott 100 (40-100) 67 (30-93) 100 57
Positive for any high-risk type 1 2 4 0
Negative for any high-risk type 5 1 <0.09 0 0
HPV16 and/or 18 50 (7-93) 67 (30-93) 75 40
HPV16 and/or 18 positive 1 2 2 0
HPV16 and HPV 18 negative 5 1 NS 2 0
Self-sampled: Vaginal 100 (40-100) 67 (30-93) 100 57
Positive for any high-risk type 2 1 <0.09 4 0
Negative for any high-risk type 4 2 0 0
HPV16 and/or 18 50 (7-93) 78 (40-97) 78 50
HPV16 and/or 18 positive 1 1 2 0
HPV16 and HPV 18 negative 5 2 NS 2 0
Self-Sampled: Urine 100 (40-100) 67 (30-93) 100 57
Positive for any high-risk type 2 1 4 0
Negative for any high-risk type 4 2 <0.09 0 0
HPV16 and/or 18* 33 (1-91) 78 (40-97) 78 33
HPV16 and/or 18 positive 1 1 1 0
HPV16 and HPV 18 negative 5 2 NS 2 0
B, HPV results at follow-up #1 vs. biopsy results at follow-up #2°
Normal, CINI1, CIN2+, AIS, Sensitivity, % Specificity, % NPV, PPV,
HPYV results n n P-value n n (95% CI) (95% CI) % %
Clinician-Sampled: Cobas-4800 89 (52-100) 43 (10-82) 75 67
Positive for any high-risk type 0 4 7 1
Negative for any high-risk type 2 1 NS 0 1
Clinician-Sampled: Abbott 100 (66-100) 43 (10-82) 100 69
Positive for any high-risk type 0 4 <0.09 7 2
Negative for any high-risk type 2 1 0 0
HPV16 and/or 18 56 (21-86) 100 (59-100) 64 100
HPV16 and/or 18 positive 0 0 <0.05 3 2
HPV 16 and 18 negative 2 5 4 0
Self-Sampled: Vaginal 78 (40-97) 43 (10-82) 60 64
Positive for any high-risk type 0 4 NS 7 0
Negative for any high-risk type 2 1 0 2
HPV16 and/or 18 44 (14-79) 100 (59-100) 58 100
HPV 16 and/or 18 positive 0 0 4 0
HPV 16 and 18 negative 2 5 <0.09 3 2
Self-Sampled: Urine 56 (21-86) 71 (29-96) 56 71
Positive for any high-risk type 0 2 5 0
Negative for any high-risk type 2 3 NS 2 2
HPV16 and/or 18¢ 43 (10-82) 100 (59-100) 64 100
HPV16 and/or 18 positive 0 0 3 0
HPV 16 and 18 negative 2 5 NS 3 1
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Table IV. Continued.

C, HPV results at follow-up #2 vs. biopsy results at follow-up #2

Normal, CINI1, CIN2+, AIS, Sensitivity, % Specificity, % NPV, PPV,
HPV results n n P-value n n (95% CI) (95% CI) %0 %
Clinician-Sampled: Cobas-4800¢ 100 (63-100) 33 (4-78) 100 67
Positive for any high-risk type 0 4 6 2
Negative for any high-risk type 1 1 NS 0 0

“Missing HPV16/18 data for 1 patient with CIN2+. *Only the 7 recurrent cases newly diagnosed with CIN2* at follow-up #2 are included in
the data for biopsy #2. “Missing HPV 16/18 data for 1 patient with CIN2* and 1 patient with AIS. ‘No HPV data at follow-up #2 for 1 patient
with normal findings and for 1 patient with CIN2*. Statistical analysis via 2-tailed Fisher's exact test comparing the biopsy categories: (Normal
or CIN1) vs. (CIN2* and AIS). CI, confidence interval; CIN, cervical intraepithelial neoplasia; AIS, adenocarcinoma-in-situ; NPV, negative
predictive value; NS, not statistically significant (P>0.09); PPV, positive predictive value.

Table V. Predictive value of HPV findings vis-a-vis cytology results.

A, HPV vs. cytology results (both at follow-up #1)

Sensitivity, %

Specificity, %

HPV results NILM,n P-value Abnormal,n (95% CI) (95% CI) NPV, % PPV, %
Clinician-Sampled:Cobas-4800 48 (37-60) 89 (86-92) 91 43
Positive for any high-risk type 49 <0.001 37
Negative for any high-risk type 405 40
Clinician-Sampled: Abbott 49 (38-61) 86 (83-89) 91 38
Positive for any high-risk type 62 <0.001 38
Negative for any high-risk type 392 39
HPV 16 and/or 18* 14 (7-24) 96 (94-98) 87 41
HPV16 and/or 18 positive 16 <0.001 11
HPV16 and 18 negative 423 66
Self-Sampled: Vaginal 51 (39-62) 78 (74-82) 90 28
Positive for any high-risk type 100 39
Negative for any high-risk type 354 <0.001 38
HPV 16 and/or 18° 12 (6-21) 95 (92-97) 86 41
HPV16 and/or 18 positive 22 <0.05 9
HPV16 and 18 negative 413 67
Self-Sampled: Urine® 43 (31-55) 87 (83-90) 90 37
Positive for any high-risk type 54 <0.001 31
Negative for any high-risk type 360 42
HPV 16 and/or 18¢ 13 (6-23) 97 (95-99) 87 43
HPV16 and/or 18 positive 12 <0.001 9
HPV16 and 18 negative 392 60
B, HPV at follow-up #1 vs. cytology results at follow-up #2
Sensitivity, %  Specificity, %
HPYV results NILM,n P-value Abnormal,n (95% CI) (95% CI) NPV, % PPV, %
Clinician-Sampled: Cobas-4800 80 (63-92) 36 (25-48) 79 37
Positive for any high-risk type 48 NS 28
Negative for any high-risk type 27 7
Clinician-Sampled: Abbott 80 (63-92) 40 (29-52) 81 38
Positive for any high-risk type 45 <0.05 28
Negative for any high-risk type 30 7
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B, HPV at follow-up #1 vs. cytology results at follow-up #2

Sensitivity, %  Specificity, %

HPV results NILM,n P-value Abnormal, n (95% CI) (95% CI) NPV, % PPV, %
HPV 16 and/or 18¢ 23 (10-40) 85 (75-92) 70 42
HPV16 and/or 18 positive 11 NS 8
HPV16 and 18 negative 63 27
Self-Sampled: Vaginal 80 (63-92) 36 (25-48) 79 37
Positive for any high-risk type 48 NS 28
Negative for any high-risk type 27 7
HPV 16 and/or 18¢ 20 (8-37) 85 (75-92) 69 39
HPV16 and/or 18 positive 11 NS 7
HPV16 and 18 negative 63 28
Self-Sampled: Urine’ 68 (50-83) 58 (45-69) 79 43
Positive for any high-risk type 30 <0.05 23
Negative for any high-risk type 41 11
HPV 16 and/or 18¢ 16 (6-34) 88 (78-95) 69 39
HPV16 and/or 18 positive 8 NS 5
HPV16 and 18 negative 59 26
C, HPV results at follow-up #2 vs. cytology results at follow-up #2
Sensitivity, %  Specificity, %
HPV results NILM,n P-value Abnormal,n (95% CI) (95% CI) NPV, % PPV, %
Clinician-sampled:Cobas-4800" 84 (66-95) 68 (55-79) 90 57
Positive for any high-risk type 20 <0.001 26
Negative for any high-risk type 43 5

"Missing Abbott-Clinician HPV 16 and/or 18 for 15 patients with NILM at follow-up #1. ®Missing vaginal HPV16 and/or 18 for 19 patients
with NILM and one patient with abnormal cytology at follow-up #1. “No HPV data from urine for 40 patients with NILM and 4 patients with
abnormal cytology at follow-up #1. “Missing urine HPV16 and/or 18 for 50 patients with NILM and 8 patients with abnormal cytology at
follow-up #1. “Missing Abbott-Clinician and vaginal HPV 16 and/or 18 for 1 patient with NILM at follow-up #2. 'No HPV data from urine for
4 patients with NILM and 1 patient with abnormal cytology at follow-up #2. #tMissing urine HPV16 and/or 18 for 8 patients with NILM and
4 patients with abnormal cytology at follow-up #2. "No HPV data at follow-up #2 for 10 patients with NILM and 2 patients with abnormal
cytology at follow-up #2. Statistical analysis via two-tailed Pearson's % test. CI, confidence interval; NILM, negative for intraepithelial lesions
or malignancy; NS, not statistically significant (P=0.05); NPV, negative predictive value; PPV, positive predictive value.

or AIS. To our knowledge, this is the largest, most complete
follow-up study in which HPV results were compared for
two different clinician-sampling methods and two different
self-sampling methods. Besides biopsy data, complete
cytology data were available for all 531 patients. Inclusion
of this latter outcome-variable provides further insight
into the post-therapeutic clinical status of these patients.
However, follow-up thereafter is limited; only 21% attended
follow-up #2. Of 127 patients referred to follow-up #2 for
abnormal cytology and/or HPV positive findings from stan-
dard COBAS clinician samples, 113 patients attended. The
404 patients with normal cytology and negative HPV findings
from standard-COBAS clinician-samples returned to routine
screening, without follow-up within this study. The latter
includes fifty-nine patients with positive HPV findings on VSS
and/or Abbott clinician-sampling. Another limitation of the

study may have been reliance upon colposcopically-visible
lesions for biopsy. This could have underestimated the actual
number of recurrences, since biopsies taken from colposcopi-
cally negative sites may also identify patients with high-grade
cervical dysplasia (32).

All participants performed self-sampling in the clinic
restroom. Questionnaire data were available from 479
of 531 patients concerning their readiness to perform
self-sampling at home and whether self-sampling was easy
to carry-out. These statements were endorsed, respectively,
by 74 and 86% of the 479 women. In a study using the
same questionnaire (33), forty-one long-term screening
non-attenders performed VSS at home with positive HPV
results, for which they subsequently underwent gynecologic
examination. All forty-one patients endorsed both statements
regarding self-sampling; 95% cited comfort as a reason for
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Table VI. Clinician-sampled and self-sampled HPV for predicting abnormal cytology at follow-up#1 assessed via multiple

logistic regression models with adjustment for age.

Model y? Variable OR -95% CI +95% CI
54.6* (n=531) Cobas Clinician-sample HPV positive 7.62* 4.44 13.10
Age 0.98 0.96 1.00
46.6" (n=531) Abbott Clinician-sample HPV positive 6.13 3.63 10.40
Age 0.98 0.96 1.00
27.7* (n=531) Vaginal Self-sample HPV positive 3.71° 224 6.13
Age 0.98 0.95 1.00
32.0* (n=487)" Urine Self-sample HPV positive 4.84* 2.80 8.39
Age 0.99 0.96 1.00

1P<0.001. "Number of cases with valid HPV results. OR, odds ratio; CI, confidence interval; HPV, high-risk human papillomavirus.

Table VII. Pairwise concordance between methods for HPV assessment using Cohen's kappa.

Variable Abbott clinician

Vaginal self-sample Urine self-sample

Overall HPV
Cobas clinician
Abbott clinician
Vaginal self-sample
HPV16
Abbott clinician
Vaginal self-sample
HPV18
Abbott clinician
Vaginal self-sample
Other HPV
Abbott clinician
Vaginal self-sample

0.83 (0.77-0.89)

0.63 (0.55-0.71)
0.68 (0.60-0.76)

0.53 (0.42-0.64)°
0.58 (0.48-0.68)*
0.60 (0.51-0.69)*

0.89 (0.77-1.00)° 0.85 (0.70-1.00)°

0.83 (0.69-0.97)

0.71 (0.43-0.99)¢ 0.36 (0.00-0.81)¢

0.60 (0.15-1.00)"

0.79 (0.71-0.87)¢ 0.73 (0.63-0.83)"

0.78 (0.70-0.86 )i

“Urine self-samples include only valid results (n=487). Valid results were available for all 531 patients in the other methods. Valid results:
*n=512, ‘n=469, ‘n=520, °n=477, =475, en=448, "n=408, 'n=393. 95% Confidence intervals are displayed in the parentheses. HPV, high-risk

human papillomavirus.

performing self-sampling. In contrast, only 14% of the women
in the present study cited comfort as a reason for performing
self-sampling. Indeed, the home-setting is more comfortable
for carrying-out VSS. Home self-sampling is also practical
and cost-effective for repeated assessment. On the other hand,
the quality of home self-sampling might not be as high as
self-sampling performed in the clinic immediately after
specific instructions are directly given. This underscores the
need to provide very clear written instructions, and that health
professionals are easily accessible to answer any queries that
arise when performing self-sampling at home.

The home self-sampling option could be particularly
favorable as an alternative to clinic visits in face of the
current COVID19-pandemic, plus being convenient and
cost-effective (9). Self-collection of samples for HPV testing
is becoming an increasingly accepted, and even preferred
cervical screening option for many women (34-42).

The present findings concerning urine self-sampling cohere
substantially with the literature. In home-based settings for
collecting first-void urine (27), urine self-sampling may also
hold promise for follow-up after treatment for high-grade CIN.

These considerations reflect more personalized approaches
for women at elevated risk of recurrent high-grade CIN.
Embodied therein is empowerment, whereby women would
be well-informed about available options, actively partici-
pating in decision-making regarding cervical screening. Such
a strategy has been successful in other cervical screening
contexts (43,44) and is likely to enhance fuller participation in
the needed long-term follow-up for these women at increased
cervical cancer risk.

In conclusion, for patients with squamous cell pathology,
post-therapeutic follow-up based on HPV analysis from
self-collected vaginal samples appears to be as sensitive as
HPV analysis from clinician-collected cervical samples for



predicting outcome. Based on a very small number of patients
with the far less common glandular pathology, the present study
suggests that vaginal self-sampling is not adequately sensitive,
such that HPV analysis should be based on clinician-collected
cervical samples when assessing risk of recurrence. The vast
majority of patients treated for high-grade cervical intraepi-
thelial neoplasia have squamous pathology. For these patients,
vaginal self-sampling for HPV analysis may well be a viable
option that can maximize participation in the needed long-term
follow-up for these women at increased cervical cancer risk.
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