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Abstract

The current method of transporting self-collected cervicovaginal specimen for HPV DNA testing
relies on liquid based medium, which is challenging and expensive to transport. A novel, dry
storage and transportation device, Whatman indicating FTA™ Elute Cartridge, avoids some of the
pitfalls of liquid-based medium. This method has been shown to be comparable to liquid-based
collection medium, but relative performance of self-collected (SC) and clinician-collected (CC)
samples onto FTA cards has not been reported. The objective of this study is to compare the
analytic performance of self- and clinician-collected samples onto FTA cartridges for the detection
of carcinogenic HPV using Linear Array. There was a 91% agreement, 69% positive agreement,
and kappa of 0.75 between the clinician-collected and self-collected specimens for detection of
any carcinogenic HPV genotype. When the HPV results were categorized hierarchically according
to cervical cancer risk, there was no difference in the distribution of the HPV results for the
clinician- and self-collected specimens (p = 0.7). This study concludes that FTA elute cartridge is
a promising method of specimen transport for cervical cancer screening programs considering
using self-collected specimen and HPV testing. Larger studies with clinical endpoints are now
needed to assess the clinical performance.
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1. Introduction

It has been well established that persisting cervical infection with human papillomavirus
(HPV) is the necessary cause of cervical cancer. HPV DNA testing has proven clinical value
as a primary screening method as it is a much more effective (more sensitive and equally
specific) screening method compared to Pap smear (Bais et al., 2005; Arbyn et al., 2005;
Cuzick et al., 2003; Schiffman et al., 2011; Bandyopadhyay et al., 2008; Katki et al., 2011).
It has been shown that in low-resource settings, a single round of HPV testing is associated
with significant decrease in cervical cancer-related mortality (Sankaranarayana et al., 2009).

Self-collected cervicovaginal specimens tested for carcinogenic human papillomavirus
(HPV) DNA may be used to complement current screening programs to reach underserved
populations (Gravitt et al., 2011; Sowjanya et al., 2009). Self-collected specimens with HPV
DNA testing may be less sensitive and specific than clinician-collected specimens for
identifying women with cervical precancer and cancer but has comparably sensitivity as
cytology-based screening. The advantage of using self-collection are that it does not require
a clinic-based pelvic exam with speculum, thereby needed fewer resources and is less
dependent on the healthcare infrastructure.

However, current methods of transporting self-collected specimens to the testing laboratory
rely on liquid buffers, which can be flammable, toxic, bulky, and challenging and expensive
to transport. This limits the feasibility of using self-collection in screening programs.
Therefore this study evaluated the acceptability and analytic performance of a novel, dry
storage and transportation device, FTA elute cartridge (GE Healthcare, Buckinghamshire,
UK), which avoids some of the pitfalls of liquid-based medium. Previous studies have
shown good agreement for HPV DNA detection using the liquid based medium and the FTA
cartridge (Lenselink et al., 2009; Gustavsson et al., 2009, 2011). As part of the overall study,
here the agreement of self-versus clinician-collection specimens onto FTA cartridges for the
detection of carcinogenic HPV are reported.

2. Materials and methods

The institutional review boards of the Cancer Institute/Hospital of the Chinese Academy of
Medical Sciences (CICAMS) in Beijing, China approved the study, and the Institutional
Review Board of Johns Hopkins University School of Medicine and National Cancer
Institute granted Institutional Review Board exception for the study because all identifying
information was removed.

2.1. Study subjects

Two thousand and five hundred women between the ages of 30 and 59 were recruited from
the general population in Xiangyuan County, Shanxi Province, China. The participants were
also offered to participate in the Chinese National Screening program for Cervical Cancer
sponsored by the Chinese government. Eligible women were not pregnant and have not had
a hysterectomy. Informed, written consent was obtained from all participants.
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All 2500 women underwent initial screening in the local clinics, which consisted of
gynecologic exam with visual inspection with acetic acid and Lugol’s iodine (VIA/VILI).
The study was nested in this population by selecting and enrolling all 63 VIA/VILI-positive
patients (2.5%) and a random sample of 111 VIA/VILI negative patients.

2.2. Study procedures

The 174 participants were offered transportation from their local villages to the Xiangyuan
County Maternal and Child Health Hospital of Shanxi, where the study was conducted. Each
participant had an initial one-on-one interview with a trained health worker, where basic
demographic information (age, education, and income), past medical/gynecological history,
family history, HPV knowledge assessment, and other behavioral factors (transportation
method, access to medical care, distance to closest clinic, and attitude toward regular
gynecological checkups) were collected.

After the initial interview, the participants were given written and verbal instructions for
self-collection. The instructions were given in Chinese and each step was also supplemented
with descriptive figures (Fig. 1). Instructions were also posted in the self-collection room for
reference. Each participant obtained a Qiagen cervical sampler brush (Qiagen, Gaithersburg,
MD, USA) and a Whatman indicating FTA elute cartridge (GE Healthcare,
Buckinghamshire, UK) and was sent to a private room for self-collection. The Whatman
Indicating FTA elute cartridge (FTA cartridge) uses a paper matrix chemically treated to
denature and stabilize the DNA in the biospecimen and renders the specimen biohazard free.
The paper is also infused with an indicator dye that changes color, from purple to white,
when the specimen is applied, thereby confirming that women performed the procedure

properly.

Women were instructed to hold the plastic end of the swab without touching the brush end,
insert the brush until they meet resistance, which is about 6 cm, and then rotate the brush 3—
5 times. After the brush was removed, the participants were asked to apply the sample onto
the FTA card by pressing the brush onto the sample area and then rotate it 3-5 times,
keeping the brush within the circle drawn on the card. Upon completion, subjects underwent
the clinician-collection using a speculum and the same type of collection materials. After
clinician-collection, a colposcopy exam was done and biopsy was taken if indicated by the
exam. Biopsies were formalin fixed, paraffin embedded, sectioned into 4 pm thick slides,
and stained with haematoxyin-eosin for diagnosis by a licensed pathologist.

2.3. HPV testing

Small pieces were cut from a 1-mm? center section of the FTA card with a disposable razor
blade and placed into a 1.5 ml microcentrifuge tube. A fresh razor blade was used for each
card. The sections were vortexed in 1.5 mL DEPC water for 30 s and the water decanted.
Fifty microliters of DEPC water were added to the sections and heated for 30 min at 95 °C
to release the DNA After incubation, each sample was vortexed about 60s and then
centrifuged for 30 s. A10-pL aliquot was removed for PCR and genotyping using the Roche
HPV Linear Array (LA) test per the manufacturer’s instructions. LA detects 37 HPV
genotypes (HPV 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51-56, 58, 59, 61, 62, 64, 66—
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73, 81-84, 82v, and 89); HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 were
considered carcinogenic HPV genotypes. Results were also classified hierarchically
according to a priori cancer risk (Tornesello et al., 2011): HPV 16 positive, else HPV 16
negative and HPV 18 positive, else HPV 16 and HPV 18 negative and positive for any other
carcinogenic HPV genotype, else negative for all carcinogenic HPV genotypes and positive
for a non-carcinogenic HPV genotype, else negative for all HPV genotypes.

2.4, Statistical analysis

3. Results

Percent total and positive agreement with binomial 95% confidence intervals (95%CI) and
kappa values with 95%CI were calculated as measures of agreement for detection of any
HPV and any carcinogenic HPV between the clinician-collected and self-collected
specimens. An exact version of the McNemar or symmetry chi-square test was used to test
for differences in detection between the two specimen types. Paired results were stratified by
median age or by VIA/VILI results.

There was no difference in the prevalence of any HPV using the clinician-collected and self-
collected specimens (32% vs. 30%, respectively, p = 0.6) (Table 1). There was 91% (95%ClI
= 86-95%) agreement, 76% (95%CI = 63-86%) positive agreement, and a kappa of 0.80
(95%CI = 0.70-0.90) between two specimens for detection of any HPV. There was no
difference in the prevalence of any carcinogenic HPV using the clinician-collected and self-
collected specimens (25% vs. 24%, respectively, p = 0.8). There was a 91% (95%CI = 86—
95%) agreement, 69% (95%CI = 54-81%) positive agreement, and kappa of 0.75 (95%CI =
0.64-0.87) between two specimens for detection of any carcinogenic HPV. The agreement
for the detection of any HPV or any carcinogenic HPV between specimens was similar in
strata defined in median age (<41 or 41 and older) or whether women were positive or
negative for VIA/VILI.

When the HPV results were categorized hierarchically according to cervical cancer risk
(Table 2), there was no difference in the distribution of the HPV results for the clinician- and
self-collected specimens (p = 0.7). There was 88% (95%CI = 82-92%) agreement and a
kappa of 0.76 (95%CI = 0.66-0.85) for the categories of HPV. The agreement within
categories was 67% for HPV 16, 100% for HPV 18, 77% for other carcinogenic HPV
genotypes, 67% for non-carcinogenic HPV genotypes, and 95% for HPV negative.

Biopsy was taken from 62 (36%) patients: 1 (2%) had cervical cancer, 8 (13%) had cervical
intraepithelial neoplasia grade 2 (CIN2) or grade 3 (CIN3), 2 (3%) had CIN 1, and the other
49 (79%) had no CIN. Among women with CIN2, CIN3, or cervical cancer, 9 of 9 (100%)
tested positive for carcinogenic HPV on the clinician-collected specimens and 7 of 9 (78%)
tested positive for carcinogenic HPV on the self-collected specimens.

4. Discussion

Similar to previous studies using liquid based collection media (Petignat et al., 2007), this
study also found reasonable concordance for HPV DNA detection between paired
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collections clinician-collected cervical specimen and a self-collection cervicovaginal
specimen applied to the FTA membranes. The kappa observed in this study (0.75) was better
than kappa from a large systematic review of self vs. clinician-collected specimens (0.66)
(Petignat et al., 2007). Using the FTA cartridge for cervicovaginal self-collection for HPV
DNA testing is a promising alterative to the traditional liquid based transport medium. In
many aspects, the FTA cartridge is superior to liquid-based medium. For example, samples
are kept dry at ambient temperature on the FTA card, thus avoiding high cost and logistical
challenges associated with transporting flammable and bio-hazardous liquid material. These
benefits plus the small size of the cards (7.3 cm x 3.8 cm) make the FTA cartridge suitable
to be sent by regular mail, which is more difficult for liquid based medium. In addition, the
FTA card contains an indicating dye, which changes the color of the filter paper once DNA
is detected. This provides instant verification of sample capture that is easily visible to the
women, which is not possible with liquid based medium. By providing direct feedback, FTA
card may improve the women’s confidence in their own ability to collect the specimen.

The benefits of the FTA cartridge are appealing to both public health practitioners and
clinicians. It offers public health practitioners a more feasible and cost-effects transport
method for large scale population based HPV screening, and it allows clinicians to offer
their patients an alternative to a speculum exam for the collection of cervical sample for
HPV DNA testing. Self-sampling at home can be offered to patients who cannot or are
unwilling to travel to clinic, which could increase screening coverage (Sowjanya et al.,
2009; Tisci et al., 2003).

Given the acceptability of the sampling method to women (Guan et al., 2012), reasonable
performance in a number of pilot studies (Gravitt et al., 2011; Sowjanya et al., 2009;
Lenselink et al., 2009), and the potential utility of the FTA device, larger-scale studies with
sufficient endpoints are warranted. Since in low-resource settings it may be unrealistic to use
clinic-based screening due to the general lack of such facilities and the large number of
unscreened population, it will be particularly important to validate that women can
successfully use a kit that incorporates the FTA device for specimen transport in the privacy
of their home and achieve reasonable clinical performance.

Finally, it will be important to pair the FTA device with realistic DNA testing protocols that
can work in the most basic laboratory settings, such as those found in most non-urban low-
resource settings. Although it was found that the PCR-based method used in this study
worked well, the testing was done in a state-of-the-art laboratory that takes PCR
contamination precautions that may not be achievable in those settings. And as used in this
study, punching out the membrane from the FTA device is laborious and has significant
potential for cross contamination if sufficient precautions are not taken. Of note, one non-
PCR, signal amplification test, Hybrid Capture 2, performed poorly compared to a PCR-
based method using FTA devices (De Bie et al., 2011). This suggests that further protocol
development may be needed to use non-PCR DNA testing methods, such as HC2 and
careHPV (Qiagen, Gaithersburg, MD, USA), for FTA-transported specimens. This study
provides clues for the comparable characteristics of clinician-collected and self-collected
specimens captured by the FTA cards. Based on this study, further comparison among HC2,
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CE-validated PCR testing method such as Roche Cobas 4800, and careHPV are needed for
the clinical validation of FTA cards.

5. Conclusion

Self-collection using the FTA elute cartridge for HPV DNA testing is a promising method of
transport to be used in screening programs. There was high concordance between self-
collection and clinician collection in detecting carcinogenic HPV DNA The FTA card is
small, easy to use, stores the sample dry at room temperature, and can be shipped by regular
mail. These benefits of the FTA cartridge may make it superior to the liquid-based media.
Additional, sufficiently powered studies are now needed to assess the clinical performance
for detection of CIN2 or more severe cervical disease.
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1. Before you perform the self-collection, prepare the
FTA Elute Card. Place a pre-printed label (which
contains the patient 1D, Date, and Project ID) on the
card. Avoid touching the sample area (ie. the purple
section of the card). Then place the card within

reach.

Sample Area

4——— Place Label

Indicating FTA Elute Cards

2. Peel open the collection
package, which contains the
swab and a plastic vial.
Discard the packaging and the
vial; we will not be using the

vial in our study.

3. With your dominant hand (the hand you use to
write) hold the plastic end of the swab so that the
brush is pointing toward
you. Make sure not to
touch the brush end of
the swab.

4. With your other hand, gently open the outside of

your vagina and insert the brush end of the swab

into the opening.

Point the tip of the

swab toward your 2
lower back.

5. Hold the swab steady and straight. Slowly and
gently insert the swab into your vagina so that it
follows the natural path of your vagina. If it does
not slide easily
gently rotate the
swab to the left
or the right.

Fig. 1.
HPV self-collection instructions. This instruction was translated to Chinese and used during

the study.

Page 8

Continue to insert the swab until you meet
resistance. This should be

at least 6 cm. Once you

meet resistance, gently turn

the entire swab in a circle

3-5 times to remove cells

from the cervix.

Remove the self-test brush from your vagina. Press
the brush end of the swab onto the sample area of
the Indicating FTA Elute Card and then rotate the
swab 3 -5 times. Keep the brush within the circle
drawn on the card. If

applied correctly, the

sample area should

turn white, indicating

sample transfer.

Make sure that the sample
area has changed from purple @
to white, and then discard the

swab. \

Keep the sample area uncovered, and handle the
card by holding section below the sample area.

Avoid touching the sample

area. Return the card to

the research staff to allow

the sample to dry. N

NOTE: Do not place swab back in your vagina after
contacting the FTA card. Ask the research staff for
another swab and card if the sample collection or

sample transfer was not successful.
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Table 2

A comparison of detection of human papillomavirus (HPV) DNA, categorized according to cancer risk
(HPV16>HPV18>o0ther carcinogenic HPV>non-carcinogenic HPV > negative), between clinician-collected
cervical specimens and self-collected cervicovaginal specimens smeared on a FTA transport device collected
from the same wnman (n = 174) Highlighted in gray are the concordant results

Self-Collection
Total
Negative Non-Carcinogenic Carcinogenic HPV 18 HPV 16

) n 112 1 4 0 1 118
Negative %row | 95% 1% 3% 0% 1%  100%

: ) n 2 8 1 0 1 12
Non-Carcinogenic o0 o, 1794 67% 8% 0% 8%  100%

o . . . n 3 2 20 1 0 26
Clinician Collection Carcinogenic % row 120 8% 77% 4% 0% 100%

n 0 0 0 3 0 3
HPV 18 %row 0% 0% 0% 100% 0%  100%

n 4 0 1 0 10 15
HPV 16 %row  27% 0% 7% 0% 67%  100%

Totsl n 121 11 26 4 12 174
%row  70% 6% 15% 2% 7% | 100%
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