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Abstract

Background: Cotesting with the Papanicolaou (Pap) and human papillomavirus tests detects most precancerous and
cancerous lesions and increases the sensitivity for detecting high-grade precancerous and invasive cervical cancers
compared with human papillomavirus testing alone.

Objective: To compare the use of the Papette brush (hereafter Papette) to the traditional spatula with endocervical
brush (cytobrush) for cervical cancer screening.

Design: Pragmatic observational study.

Methods: Adult women aged 21-64years who were eligible for a Papanicolaou test at a Midwest Community Internal
Medicine practice underwent cervical cancer screening using the Papette or spatula with cytobrush from 18 August
2021 through | February 2022. Cluster sampling was used across the practice. Pathology reports were then analyzed to
compare the number of satisfactory versus unsatisfactory results between the two collection techniques.

Results: We collected results for 756 Pap tests. The test results were satisfactory with the Papette 93.8% of the time
compared with 93.0% for the spatula with cytobrush.

Conclusion: The Papette is not inferior to a spatula with cytobrush as a collection method for Pap tests.
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Introduction The Pap test, which assesses cervical cytology on col-
lected samples, can be performed alone or in combination
with human papillomavirus (HPV) testing. HPV testing
can also be performed alone (currently collected by a
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women of childbearing age.! The development of the
Papanicolaou (Pap) test by G. N. Papanicolaou in the late
1920s and publication of his landmark paper with H. Traut |
in 19412 1ed to widespread use of the Pap test in the 1950s, Division of Community Internal Medicine, Mayo Clinic, Rochester,
which dramatically reduced the incidence of cervical can- MN, USA

. y‘ Division of Clinical Trials and Biostatistics, Mayo Clinic, Rochester,
cer deaths in the United States by more than 60%.! Used to MN, USA
detect abnormal or atypical cervical cellular changes sug- .

tive of an actual or precancerous lesion, the Pap test Corresponding author:

ges . p . ’ p . Ramona S Dejesus, Division of Community Internal Medicine, Mayo
has remained a standard, routinely used tool for cervical  cjinic, 200 First Street SW, Rochester, MN 55905, USA.
cancer screening. Email: dejesus.ramona@mayo.edu

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and
Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/whe
mailto:dejesus.ramona@mayo.edu

Women’s Health

practitioner), is now an accepted screening test for cervical
cancer for average-risk women aged 30 or older, and
has the potential for future self-collection by patients.>
Persistent infection with HPV has been associated with
almost all causes of cervical cancer, and nearly 39.9%
of adult American women aged 18-59 are infected with
genital HPV.>* If left untreated, approximately 30% of
HPV-related precancerous cervical cellular abnormalities
become invasive cancers.’ Cotesting with the Pap test and
HPV detects more than 90% of precancerous and cancer-
ous lesions and increases the sensitivity for detecting high-
grade precancerous lesions and invasive cervical cancers
compared with HPV testing alone.® At our institution, the
standard practice is cotesting with the Pap and HPV tests
in women aged 30—65 years.

The Pap and HPV tests can be performed using either a
conventional method with ethyl alcohol or spray fixative on
a pathology slide or by using a liquid-based cytology
method such as the ThinPrep Pap test (Hologic). Liquid-
based cytology is used more often because it is simpler than
the conventional method.® Approved collection devices
include the Papette brush (hereafter Papette), the spatula,
and the cytobrush.® These devices can be used either alone
(Papette) or in combination (spatula with cytobrush). Both
the Papette and spatula with cytobrush have advantages and
disadvantages. The Papette allows for collection with a sin-
gle device. However, at our institution, the Papette costs
more than other devices, and there was a concern that the
softer design might not sample a postmenopausal os as
well, which kept it from being widely used. In comparison,
the spatula with cytobrush is more affordable and used
more widely, although requests for the Papette have
increased its use. Whether one collection method is better
than the other is unclear, and only limited and dated litera-
ture exist for the superiority of collection devices based on
sample adequacy and results."”® In this pragmatic study,
we aimed to determine whether the Papette or spatula with
cytobrush was a superior collection method for obtaining
cervical samples for Pap and HPV tests.

Methods
Study design

Study setting, population, and design. This study was
approved by the Mayo Clinic Institutional Review Board
(ID 21-006131). Patients were excluded from the study if
they did not give consent to have medical records accessed
for research purposes or they declined Pap testing. Data
were stored in a secured REDCap (Research Electronic
Data Capture) database with only team members approved
by the institutional review board able to access the data.’!°

The study was performed in the division of Community
Internal Medicine (CIM) between 18 August 2021 and 1
February 2022. The target population was adult women
aged 21-64 years who were eligible for a Pap test during

an appointment with a CIM practitioner. We aimed to com-
pare satisfactory versus unsatisfactory Pap test results for
the Papette and the spatula with cytobrush.

To reduce bias, we used cluster sampling for the study.
The CIM practice has four distinct building locations.
Among these locations are seven care teams with 72 prac-
titioners. The Papette was used to obtain cervical samples
from women on three care teams, and the spatula with
cytobrush was used to obtain samples from women on four
care teams. Care teams using the Papette versus the spatula
with cytobrush were split so that approximately equal
practitioners were using both collection methods for the
same number of patients of various eligible ages. Both col-
lection techniques used liquid-based cytology. The sample
size needed for the two treatment groups was determined
with a power analysis accounting for a mean difference of
0.2 between groups, an intraclass correlation of 0.1, and an
alpha of 0.05. To detect 80% power, a sample size of 706
was needed. Additional patients were included to account
for attrition. The findings were analyzed for the primary
outcome of adequacy, including the rate of satisfactory
versus unsatisfactory Pap tests for the two collection
techniques.

Data collected

The following demographic and clinical characteristics
were collected: age, race, menopausal status, and presence
of an intrauterine contraceptive (IUC).

Outcomes

The cytology reports for cellular adequacy and HPV
results (outcomes) were collected. The cytology samples
were compared for satisfactory versus unsatisfactory tests
with the Papette versus the traditional spatula with cyto-
brush methods. An unsatisfactory test was defined as hav-
ing one of the three following results: (1) satisfactory for
evaluation, negative for intraepithelial lesion or malig-
nancy, high-risk HPV test results invalid; (2) specimen
processed and examined but unsatisfactory for evaluation
because of epithelial abnormality due to inadequate squa-
mous cellularity, high-risk HPV test results negative; or (3)
specimen unable to be processed because of low cellular-
ity, negative HPV test. A satisfactory test was defined as
any result showing a satisfactory evaluation (with either
negative for intraepithelial lesion or malignancy, atypical
squamous cells of undetermined significance (ASC-US),
low-grade squamous intraepithelial lesion (LGSIL), high-
grade squamous intraepithelial lesion (HGSIL), or atypical
glandular cells) and positive or negative HPV results.

Statistical analyses

Patient characteristics were reported as frequencies and
percentages for categorical variables and mean (standard
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Table I. Demographic and clinical characteristics and outcome by type of collection method.
Characteristic No. (%)* p value
Papette Spatula with Total
(n=357) cytobrush (n=399) (N=756)
Age 0.004°
No. 357 399 756
Mean (SD) 43.9 (13.64) 46.8 (12.34) 45.4 (13.04)
Race 0.56°
American Indian/Alaskan Native 0 (0.0) 1 (0.3) I (0.1)
Asian 17 (4.8) 28 (7.1) 45 (6.0)
Black 13 (3.7) 16 (4.1) 29 (3.9)
Other 17 (4.8) 16 (4.1) 33 (44)
White 309 (87.0) 334 (84.6) 643 (85.7)
Missing 2 4 6
Menopausal status 0.24¢
Perimenopausal 36 (10.1) 28 (7.0) 64 (8.5)
Postmenopausal (no periods in the past | year) 121 (33.9) 150 (37.6) 271 (35.8)
Premenopausal 201 (56.3) 221 (55.4) 422 (55.8)
IUC 0.10¢
No 291 (81.5) 342 (85.7) 633 (83.7)
Yes 67 (18.8) 57 (14.3) 124 (16.4)
HPV+3 0.75¢
No 341 (95.5) 382 (95.7) 723 (95.6)
Yes 17 (4.8) 17 (4.3) 34 (4.5)
Pap test results 0.75¢
Unsatisfactory? 23 (6.4) 28 (7.0) 51 (6.7)
Satisfactory 335 (93.8) 371 (93.0) 706 (93.4)

HPV+3: presence of human papilloma virus; IUC: intrauterine contraceptive; Pap: Papanicolaou.

2Data are shown as No. (%) unless noted otherwise.
®Kruskal-Wallis p value.

%% p value.

dResults in groups 3—13 (see section “Methods” for definitions).

deviation (SD)) for continuous variables. Comparisons
between collection methods were analyzed using Kruskal—
Wallis tests for continuous variables and y’ tests for
categorical variables. All pathology results were available
and categorized by chart review in groups from 0 to 13,
with those in groups 0, 1, or 2 considered unsatisfactory
(0: invalid HPV; 1: epithelial abnormality—inadequate
squamous cellularity; 3: low cellularity). In contrast,
groups 3 through 13 were considered satisfactory (3: no
endocervical or transformation zone component, 4: nor-
mal, 5: ASC-US, 6: ASC-US and HPV, 7: ASC-US and
endometrial cells, 8: HPV+, 9: LGSIL, 10: LGSIL and
HPV, 11: HGSIL or atypical glandular cells, 12: HGSIL
and HPV or atypical glandular cells and HPV, 13: atypical
endometrial cells). The outcome of satisfactory versus
unsatisfactory test results was analyzed with a logistic
regression model. Covariates included in the model were
collection method, IUC, and menopausal status. Results
are given as odds ratios (OR) with 95% confidence inter-
vals (CIs) and p values. All p values less than 0.05 were
considered significant. Analyses were computed using
SAS software (SAS Institute Inc., version 9.4).

Results

The study had a final sample size of 756 women who came
to CIM for routine screening Pap tests. The Papette collec-
tion method was used for 357 Pap tests, and the traditional
spatula with cytobrush was used for 399 Pap tests. As
shown in Table 1, most of the 756 women were White
(85.6%); Asian women comprised 6.0% and Black women
comprised 3.9% of the study population. The mean age
was older in the spatula with cytobrush group than in
the Papette group (46.8years vs 43.9years; p=0.004).
Menopausal status was classified as premenopausal for
55.8% (n=422) and postmenopausal for 35.8% (n=271).
Most women did not have an IUC (83.7%, n=633).

On analysis, 34 (4.5%) samples were positive for high-
grade HPV (Figure 1). Of these, nine had ASC-US: six
with LGSIL and three with HGSIL or atypical glandular
cells. Of the collected samples, 93.4% (n="706) were satis-
factory and 6.7% (n=>51) were unsatisfactory. The number
of satisfactory and unsatisfactory results were not signifi-
cant between the Papette and the spatula with cytobrush
collection groups (p=0.75). There were seven invalid
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Figure |. Individual Pap test results by type of collection method. Of the seven patients who had an invalid HPV result (group

0), four were premenopausal, two were perimenopausal, and one was postmenopausal. A sample below group 3 was deemed
unviable (see section “Methods” for group definitions). ASC-US: atypical squamous cells of undetermined significance; HIV: human
immunodeficiency virus; HPV: human papillomavirus; HGSIL: high-grade squamous intraepithelial lesion; LGSIL: low-grade squamous

intraepithelial lesion; Pap: Papanicolaou.

Table 2. Logistic regression for the outcome of satisfactory versus unsatisfactory sample.

Odds ratio (95% ClI) p value
Papette versus spatula with cytobrush 0.96 (0.54-1.70) 0.88
IUC: no versus yes 1.67 (0.57—4.93) 0.35
Postmenopausal versus premenopausal® 2.30 (1.26-4.18) 0.007

Cl: confidence interval; IUC: intrauterine contraceptive; IUD: intrauterine device.
?Premenopausal and perimenopausal are both included in the premenopausal group. Postmenopausal women were 2.3 times more likely to have an

unviable test result than the premenopausal women.

HPYV results, which meant that the HPV portion of the test
could not be completed; all these samples were collected
using the Papette. Of the HPV results, 40 Papette-collected
samples had absent endocervical or transformation zone
component compared with 34 spatula and cytobrush—
collected samples.

From logistic regression analysis, only menopausal sta-
tus was significantly associated with having an unsatisfac-
tory or unviable test result (OR: 2.30; 95% CI: 1.26-4.18)
(Table 2). Women with postmenopausal status were 2.3

times more likely to have an unsatisfactory result than
women with premenopausal status.

Discussion

In this study, we compared the Papette and the spatula with
cytobrush collection methods to learn whether one method
was superior to the other for yielding satisfactory Pap test
results. We did not find any significant difference between
the results of the two methods for a satisfactory versus
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unsatisfactory Pap test. In addition, the study showed that
the presence or absence of an IUC did not affect whether a
Pap test was satisfactory or unsatisfactory. The only factor
in the study that had a significant impact on the likelihood
of an unsatisfactory Pap test was a woman’s postmenopau-
sal status. Women who were postmenopausal were 2.3
times more likely to have an unsatisfactory test result than
women who were premenopausal.

The most common causes of unsatisfactory Pap tests
include insufficient endocervical epithelial cells, excessive
smear thickness, cells obscured by inflammatory cells and
erythrocytes, the presence of foreign material, poor fixation
or staining, insufficient material for analysis, faulty equip-
ment, and poor preparation technique.!! Alsharif et al.'?
found that low cellularity was the primary cause of unsatis-
factory SurePath results (Becton, Dickinson and Company)
in a sample of 243,006 Pap tests. They also found that
women with unsatisfactory results were older and were
more likely to have had a hysterectomy or be menopausal.'
After menopause or hysterectomy, women are estrogen-
deficient and at high risk of developing genitourinary syn-
drome of menopause. This syndrome includes conditions
previously known as vulvovaginal atrophy, atrophic vagi-
nitis, or urogenital atrophy.'* The atrophy or degeneration
of cells results in less material (cells) for analysis, which
may be the reason for the unsatisfactory Pap test results.

A notable finding in this study was that seven Pap tests
had invalid HPV results. All seven of these samples came
from Papette collection. The package insert for the cobas
HPV test (Roche Diagnostics) used in the laboratory for
this study lists various reasons why the test could be inva-
lid: use of the over-the-counter product Replens vaginal
moisturizer (Church & Dwight Co), use of the cobas HPV
assay with media types other than PreservCyt solution
(Hologic) and SurePath preservation fluid, presence of
polymerase chain reaction inhibitors, or too much mucus in
the sample.'* All samples collected in this study were eval-
uated with compatible media types and did not include any
known polymerase chain reaction inhibitors. We did not
know whether any patients in either the Papette or spatula
with cytobrush groups used an over-the-counter moisturiz-
ing product, such as Replens. However, assuming these
unknown causes for invalid test results were equally dis-
tributed, too much mucus in the sample is the only remain-
ing reason for an invalid HPV test. The Papette may have
collected more mucus in the sample than the spatula with
cytobrush, resulting in the invalid HPV test results.

Women who were postmenopausal had more unsatis-
factory results than women who were premenopausal, pos-
sibly due to low cellularity from genitourinary syndrome of
menopause. To determine whether low cellularity resulted
in unsatisfactory results, a study comparing unsatisfactory
versus satisfactory Pap tests should be undertaken for two
groups of postmenopausal women: those who were and
were not treated with vaginal estradiol, which may be used

to manage genitourinary syndrome of menopause. If treat-
ing genitourinary syndrome of menopause decreases the
rate of unsatisfactory Pap tests, the theory that this syn-
drome is a causative factor in the increase in unsatisfactory
Pap tests in postmenopausal women could be confirmed.

Our study had strengths and limitations. It was a prag-
matic practice-based study with a large sample size; there-
fore, we believe the results can be readily adopted. The
study was limited by its observational design and homoge-
neous population: a Midwest practice with mostly White
women; thus, results may not be generalized to other more
heterogeneous population groups.

Conclusion

This study showed no significant difference between the
Papette and the spatula with cytobrush for obtaining a sat-
isfactory versus an unsatisfactory Pap test, after adjusting
for age, race, and IUC status. The Papette was associated
with more invalid HPV tests, but this result was not sig-
nificant. The presence of an IUC did not significantly
affect results. Women who were postmenopausal were 2.3
times more likely to have an unsatisfactory test result than
women who were premenopausal, and more research is
needed to determine the cause of these unsatisfactory tests.
We believe the cause may be low cellularity from genitou-
rinary syndrome of menopause. Based on the results of
this study, practitioners and institutions can safely choose
either the Papette or spatula with cytobrush to collect
specimens for Pap tests according to cost and availability
without concern for inferiority of the collection tool.
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