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Purpose: To estimate the high-risk human papillomavirus (HR-HPV) prevalence in a
hospital-based population using the Cervista® and to determine the clinical value and significance
of Cervista for cervical cancer screening in Fujian Province, China.

Patients and methods: In a hospital-based population, a total of 10,771 women from the
Fujian Province were screened for cervical cancer and precancerous lesions using the thinprep
cytologic test (TCT) and/or the Cervista. Women with HR-HPV infection and/or abnormal
TCT were referred for colposcopy and biopsy. Pathological diagnosis was used as the gold
standard.

Results: The overall HR-HPV prevalence was 16.57%. Among 10,229 cases, 976 had abnormal
cytology results, of which, the HR-HPV positivity rate was 60.35% in this opportunistic
screening population. The most common HR-HPV infection style was a simple infection.
The most common species was A9 which was also the most prevalent species in all age. The
women with CIN2+ (high-grade squamous intraepithelial lesion [HSIL]), especially cancer,
were mostly concentrated in the age from 51 to 60 years old. The peak of CIN1 (low-grade
squamous intraepithelial lesion, LSIL) prevalence was in the women aged 31-40. When using
CIN1+, CIN2+ and CIN3+ as observed endpoints, the sensitivities were 86.07%, 92.73%, and
93.30% and negative likelihood ratio (NPV) were 99.15%, 99.75% and 99.83%, respectively.
Cervista and TCT co-testing achieved the highest sensitivity and the lowest NLR.
Conclusion: The Cervista could be easily introduced in clinical practice in combination with
TCT for cervical cancer screening in China. Patients with species A9 infection require a more
actively clinical intervention.

Keywords: high-risk human papillomavirus, Cervista®, cytology, pathological diagnosis,
cervical cancer

Introduction

Cervical cancer is the third most frequent cancer among women globally, especially
in developing countries. It is estimated that there were 528,000 newly diagnosed cases
and 265,653 deaths in 2012 worldwide." In China, the age-standardized incidence rate
(ASIR) and mortality rate (ASMR) of cervical cancer were estimated at 10.3 and 2.6 per
100,000 women, respectively, in 2013; these rates are higher than those found in other
developed countries.? Cervical cancer has become one of the major health hazards for
women. Fujian Province is on the southern coast of China, and the burden of cervical
cancer is heavy there. Despite the successful implementation of cytopathologic screen-
ing programs, Chen et al estimate that 98,900 women will be diagnosed with cervical
cancer, and 30,500 women died from the disease in China during 2015.3
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In the beginning, HPV was used to triage abnormal
cytology.* Subsequently, in 2011, the American Cancer
Society (ACS), the American Society for Colposcopy and
Cervical Pathology (ASCCP) and the American Society
for Clinical Pathology (ASCP) stated that in most clinical
settings, women aged 30—65 years should be screened with
co-testing.’ Recently, the Society of Gynecologic Oncology
(SGO)/ASCCP guidelines propose to use HR-HPV testing
alone as a primary screening way, which also recommend to
use genotyping for HPV-16 and -18 to triage HR-HPV posi-
tive women.® The benefits of HPV testing in primary cervical
cancer screening have been demonstrated in several random-
ized controlled trials.”® A plethora of evidence indicates that
high-risk human papillomaviruses (HR-HPVs) are impor-
tant factors in cervical cancer.”!® At present, the detection
methods for HPV include Hybrid Capture 2 (HC2, Qiagen,
Gaithersburg, MD, USA), Cervista® (Hologic, Bedford, MA,
USA), Aptima (Hologic), Cobas (Roche, Pleasanton, CA,
USA) and others.!" Early in 2009, HPV types were classified
categorically as carcinogenic (Group 1), probably carcino-
genic (Group 2A), possibly carcinogenic (Group 2B), not
classifiable (Group 3), or probably not carcinogenic (Group
4) by the International Agency for Research on Cancer
(IARC) Monograph Working Group. Group 1 contained 13
HPV types (type 51, 56, 66, 18, 39,45, 59, 16, 31, 33, 35,52
and 58) and Group 2A included 68 HPV types.'? In March
2009, the Cervista HR-HPV assay, which includes three spe-
cies of HR-HPV (14 HR-HPV types) that were all involved
in Group 1 and Group 2A carcinogens, became the second
HPV assay approved by the FDA as a triage test for women
with atypical squamous cells of undetermined significance
(ASC-US) and as an adjunctive test with cervical cytology
for routine screening in women aged 30 years or older. This
test was also approved in China by the China Food and Drug
Administration (CFDA) at the end 0of 2011 and was clinically
available in 2012. There is limited evidence in the literature
on the clinical significance of Cervista, especially on its use
in China. The Cervista HR-HPV test was a qualitative test for
the detection of DNA from 14 HR-HPV types that were used
in China for 5 years. We then presented one result regarding
Cervista from Fujian Province Cervical Lesion Screening
Cohorts (FCLSCs), involving several cervical screening
cohorts that included more than 140,000 hospital-based
and community-based patients who were tested by multiple
HPV detection assays in Fujian Provincial Maternity and
Children’s Health Hospital.

The purpose of this study was to estimate the HR-HPV
prevalence within a hospital-based population using the

Cervista high-risk human papillomavirus (HR-HPV) assay
and to evaluate the clinical performance characteristics,
including pathological diagnosis in different age stratifica-
tion, sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of the Cervista HR-
HPV test for the detection of CIN2 or worse (CIN2+), and
CIN3 or worse (CIN3+) cervical lesions in women in Fujian
Province, China.

Patients and methods
Study population

All specimens were collected using plastic cervical swabs
from women visiting Fujian Provincial Maternity and
Children’s Health Hospital. The study was approved by
the Ethics Committee of Fujian Provincial Maternity and
Children’s Hospital, Affiliated hospital of Fujian Medical
University. All the participants were written informed con-
sent, and that this study was conducted in accordance with
the Declaration of Helsinki. The purpose was to estimate
the overall HPV prevalence, species, the extent of multiple
infections, and clinical significance in the detection of CIN
and cervical invasive cancer. The population eligible for this
study included 10,771 women, a total of 1,023 were excluded
due to pregnancy (n=35), age under 21 (n=32), miss or invalid
cytology test (n=395), history of histological diagnosis and
treatment of CIN (n=51), lack of consistent follow-up with
Cervista or other cytology test (n=29) and miss pathologi-
cal results or reject biopsy (n=481). The women received
HPYV screening by gynecological practitioners between
March 2012 and December 2016. The population consisted of
hospital staff, policewomen, teachers, workers, civil servants,
and retirees. The participants were required to fulfill the
following criteria: 1) sexually active women aged 21 years
or older, 2) no previous histological diagnosis and treatment
of gynecological diseases, 3) willingness to undergo HPV
testing. All patients provided informed consent.

Cervical specimen collection

Cervical cells were obtained from the cervix of all the
women. Ecto- and endocervical specimens were collected by
Cervex broom in two separate vials of PreservCyt® Liquid
(Hologic). Subsequently, each sample was processed for
cytology and HR-HPV assays, respectively.

ThinPrep liquid-based cytology

A slide for the cytologic study was made. The cervical
cytologic examination was performed using the automated
imaging system (Hologic, Inc., San Diego, CA, USA) and
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was reviewed by two experienced cytotechnologists and
cytopathologists. The results were reported following the
Bethesda 2001 system.!* Samples were classified as: nega-
tive for intraepithelial lesion or malignancy (NILM), atypical
squamous cells of undetermined significance (ASC-US),
low-grade squamous intraepithelial lesion (LSIL), atypical
squamous cells, not possible to exclude high-grade squamous
intraepithelial lesion (ASC-H), high-grade squamous intra-
epithelial lesion (HSIL), squamous cervical cancer (SCC),
atypical glandular cells (AGC), and adenocarcinoma in situ
(AIS). If the diagnosis differed between two cytopathologists,
the cervical samples were reviewed again and a consensus
diagnosis was obtained.

Cervista HR-HPV test

This is a qualitative test detecting 14 HR-HPV types. The
assay uses three separate oligonucleotide mixtures: mix 1
(species A5/A6) contains probes for HPV 51, 56 and 66; mix
2 (species A7) contains probes for HPV 18,39, 45, 59 and 68,
and mix 3 (species A9) contains probes for HPV 16, 31, 33,
35, 52 and 58. In these three mixes, oligonucleotides for the
human histone 2 gene (HIST2H2BE) are also present as an
internal control for the presence of sufficient genomic DNA.
Then, Invader Chemistry (Hologic, Inc.) was applied, consist-
ing of two simultaneous isothermal and signal-amplification
reactions to detect specific nucleic acid sequences.'*

Histology

The women who were HPV-positive and/or had abnormal
thinPrep liquid-based cytology (with a grade higher than
ASC-US) were referred for colposcopy and biopsy. Speci-
mens were collected from these women by punch biopsy or
loop electrosurgical excision procedure cone biopsy (LEEP).
Specimens were fixed in 10% formalin and were routinely
processed for paraffin embedding. Then, 4 wm thick his-
tological sections were cut and stained with hematoxylin
and eosin using standard methods. Then, cervical biopsy
specimens were histologically examined and classified
according to the cervical intraepithelial neoplasia system.
All samples with a primary histology result of CIN2+ were
reviewed by an independent expert. In case of a discrepant
review reading, a second histology review was performed.
If two out of three diagnoses were identical, the result was
considered final.

Statistical methods
The performance characteristics of the screening tests
were evaluated by calculating sensitivity, specificity, PPV,

NPV, PLR, and NLR according to the standard definitions
for CIN1, CIN2, CIN3, and invasive cervical cancer. All
confidence intervals (CIs) were exact binomial confidence
intervals. In addition, an analysis exploring test character-
istics at different cut points for Cervista was undertaken by
Fisher’s exact test. These results were then plotted. All data
analyses were performed using SPSS 20.0 (IBM, Chicago,
IL, USA).

Results

Prevalence of HR-HPV infection

In this study, 10,771 women underwent the Cervista HR-
HPYV test. A flowchart describing the selection of the study
cohort with inclusion/exclusion criteria can be found in
Figure 1. The overall HR-HPV infection rate in this popula-
tion was 16.57% (1,695/10,229, CI: 15.85%—17.31%) when
excluding 1,023 cases who did not conform to the standard
criteria or displayed invalid or missing information. The
positivity of simple species was 14.30% (1,463/10,229),
including 2.90% (297/10,229) of species A5/A6, 3.07%
(314/10,229) of species A7 and 8.33% (852/10,229) of
species A9. The positivity of multiple species was 2.27%
(232/10,624), including double species positivity of
1.78% (182/10,229) and triple species positivity of 0.49%
(50/10,229) (Figure 2A). The HR-HPV positive rate was
11.95% (1,106/9,253) in women with NILM and 60.35%
(589/976) in women with abnormal cytological results. The
HR-HPV prevalence was 45.69% (223/488) in patients diag-
nosed with ASC-US, 75% (15/20) in patients with ASC-H,
87.50% (182/208) in patients with LSIL, 97.12% (135/139)
in patients with = HSIL, and 27.73% (33/119) in patients
with AGC. In the HR-HPV infected population, species
A9 was detected in 1,064 cases, accounting for 62.78%
(1,064/1,695) of all positive specimens (including mixed
infection). (Table 1).

Prevalence of cytological abnormality

The patients with abnormal cytology and/or HR-HPV infec-
tion were referred for colposcopy and biopsy. The prevalence
of cytological results with diagnosis of ASC-US or worse
was 9.54% (976/10,229, 95% CI: 8.98%—10.13%), including
45.90% ASC-US (448/976), 2.05% ASC-H (20/976),21.31%
LSIL (208/976), 14.24% = HSIL (139/976), 12.19% AGC
(119/976). In this study, there was 23.57% (70/297) abnormal
cytology in the simple species A5/A6 positive, 30.57%
(96/314) in the simple species A7 positive, 38.38% (327/852)
in the simple species A9 positive. Simple A9 species was
the most prevalent in the population with different cytology.
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Fujian Province Cervical Lesion Screening Cohorts (FCLSCs)
(N>140,000)
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A undergoing rountine physical
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1. Age 21 years
2. Pregnancy

Hospital-based population
opportunistic screening by
Cervista® (N=10,771)

examination

Arm 2: patients visiting the
outpatient clinic for any

3. Invalid or miss cytology test

gynecologic conditions

4. History of histological diagnosis

A,

and treatment of CIN
5. Lack of consistent follow-up with
Cervista or other cytology test

Evaluable for screening with Cervista
test and cytology test
results (N=10,229)

Cervista test results:
HR-HPV(+) (n=1,695)
HR-HPV(-) (n=8,534)

I

Cytology results:
AS-CUS or worse (n=976)
NILM (n=9,253)

}

A A A
HR-HPV(-) & HR-HPV(-) & HR-HPV(+) & HR-HPV(+) &
TCT (NILM) TCT2ASC-US TCT (NILM) TCT2ASC-US
(n=8,147) (n=387) (n=1,106) (n=589)

v
‘ Follow-up H Abnormal }—»

4

Miss or reject

Referred for colposcopy and punch biopsy

biopsy (n=429)

Missed (n=52)

v v

Regarded as
normal/LSIL NILM
(n=8,142) (n=1,107)

LSIL (CIN1) HSIL (CIN2/3) i‘:‘r{:’é‘;"‘:'
(n=220) (n=209) R

i_l_i | }

Follow-up

Routine follow-up

Figure | Flowchart of participants in the study.

If=HSIL q
A 4

A
Treated

Abbreviations: ASC-US, atypical squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia; LSIL, low-grade squamous intraepithelial lesion; HR-
HPYV, high-risk human papillomavirus; NILM, negative for intraepithelial lesion or malignancy; TCT, thinprep cytologic test.

The simple species A9 infection was the most prevalent
with a rate of 47.47% (525/1,106) in patients with NILM,
54.26% (121/223) in patients with ASC-US, 80.00% (12/15)
in patients with ASC-H, 45.05% (82/182) in patients with
LSIL, 71.11% (96/135) in patients with = HSIL and 45.45%
(15/33) in patients with AGC, respectively. (Table 1).

Triage of HR-HPV in the patients with a
different pathological diagnosis

In general, 8,147 patients were negative for both cytol-
ogy and HR-HPV infection while 1,601 cases with HR-
HPV positive and/or abnormal cytology were referred for
colposcopy and biopsy whose pathological results was
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Figure 2 Prevalence of different HR-HPV infection styles and patients with different pathological results.

Notes: (A) Simple species infection was the most common style and species A9 was the most prevalent in HR-HPV infection. The most frequent HPV species in (B) NILM
patients; (C) CINI patients; (D) CIN2 patients; (E) CIN3 patients; and (F) cervical cancer patients.

Abbreviations: CIN, cervical intraepithelial neoplasia; HR-HPV, high-risk human papillomavirus; NILM, negative for intraepithelial lesion or malignancy; SI, simple infection;

DI, double infection; TI, triple infection.

used as a final diagnosis standard. HR-HPV infection rate
was 9.06% (837/9,242) in patients with cervicitis or NILM,
77.63% (177/228) in patients with CIN1, 91.25% (73/80)
in patients with CIN2, 91.41% (117/128) in patients with
CIN3 and 97.12% (68/70) in patients with cancer, respec-
tively. According to the pathological results, simple species

A9 infection rates in patients with CIN1, CIN2, CIN3, and
cancer were 36.40% (83/228), 62.50% (50/80), 66.41%
(85/128) and 55.71% (39/70), respectively. (Figure 2B—F).
Overall, the detection rate of CIN2+ and CIN3+ lesions
in the HPV-positive species was significantly higher than
that of the HR-HPV-negative species (CIN2+=7,290.07,
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Table | The distribution of HR-HPV infection in different cytology results (N=10,229) (n (%))
TCT test HR-HPYV test
Negative Simple Simple Simple Double Triple species Overall
(n=8,534) species A5/ species A7 species A9 species infection HR-HPV
Ab infection infection infection infection (n=50) infection
(n=297) (n=314) (n=852) (n=182) (n=1,695)
NILM (n=9,253) 8,147 (79.65) 227 (2.22) 218 (2.13) 525 (5.13) 101 (0.99) 35(0.34) 1,106 (10.81)
ASC-US (n=488) 265 (2.59) 26 (0.25) 40 (0.39) 121 (1.18) 29 (0.28) 7 (0.07) 223 (2.18)
ASC-H (n=20) 5/10,228¢ 1/10,228* 1/10,228° 12 (0.01) 1/10,228° N/A 15 (0.15)
LSIL (n=208) 26 (0.25) 36 (0.35) 28 (0.27) 82 (0.80) 30 (0.29) 6 (0.059) 182 (1.78)
= HSIL (n=139)  4/10,228* 5/10,228¢ 16 (0.16) 96 (0.94) 18 (0.18) N/A 135 (1.32)
AGC (n=119) 86 (0.84) 2/10,228° 11 0.11) 15 (0.15) 3/10,228° 2/10,228¢ 33(0.32)
AlS (n=2) 1/10,228¢ N/A N/A 1/10,228° N/A N/A 1/10,228*

Note: “The number of cases =5 cases do not calculate the percentage.

Abbreviations: AGC, atypical glandular cells; AlS, adenocarcinoma in situ; ASC-H, atypical squamous cells cannot exclude HSIL; ASC-US, atypical squamous cells of
undetermined significance; HR-HPV, high-risk human papillomavirus; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; NILM,

negative for intraepithelial lesion or malignancy; TCT, thinprep cytologic test.

P<0.001; CIN3+=2,528.13, P<<0.001). The detection rate
of CIN2+ or CIN3+ lesions in the HR-HPV-positive species
was significantly higher than that of the HR-HPV-negative
species in patients with cervicitis or NILM, ASC-US and
AGC. However, the detection rate of CIN2+ lesions in the
HR-HPV-positive species was significantly higher than
that of the HR-HPV-negative species in the patients with
LSIL, however, the detection rate of CIN3+ lesions in
HR-HPV-positive species and HR-HPV-negative species
showed no significant difference. Moreover, the detection
rates of CIN2+ or CIN3+ lesions in the HR-HPV-positive
species and HR-HPV-negative species in the patients
with ASC-H and = HISL were not significantly different
(Table 2).

Age-specific proportions for HR-HPV

infection and high-grade cervical lesion
The HR-HPV infection rates in different age groups were
16.93% (21-25 years), 14.55% (26-30 years), 16.18%
(31-40 years), 17.33% (41-50 years), 20.23% (51-60 years)
and 22.80% (>61 years), respectively. The trend of A9
species and A5/A6 species infection rates was similar to
the HR-HPV infection rate. But A7 species infection rate
significantly dropped in the >61 years old group. Obvi-
ously, the prevalence of A9 species was the highest in the
HR-HPV infection (Figure 3A). According to the pathologi-
cal diagnosis, the women with CIN2+ (HSIL) were mostly
concentrated in the age from 51 to 60 years old. Notably, the
prevalence of cervical cancer was the highest in the patients
aged 51-60. The peak of CIN1 (LSIL) prevalence was in the
women aged 31-40 (Figure 3B).

Diagnostic efficiency of Cervista HR-HPYV,
thinprep cytologic test (TCT), and co-
testing (TCT combined with Cervista

HR-HPV) in cervical cancer

The sensitivity, specificity, PPV, NPV, PLR, and NLR
were analyzed for different screening methods by HR-HPV,
TCT, or co-testing (TCT+ HR-HPV) when used to predict
CIN1+, CIN2+, and CIN3+ as critical endpoints (Table 3).
The results show that the sensitivity of co-testing and HR-
HPYV was higher than that of TCT, especially in CIN2+ and
CIN3+. With the increase in cervical lesions, the sensitivity
ofthe HPV, TCT, and co-testing rose, but the specificity was
reduced. The sensitivity and NPV were the highest and NLR
was the lowest in the method of HR-HPV+ TCT sequential
screening. Moreover, as listed in Figure 4, the co-test as
primary screening could detect 239 cases with CIN2+ at
the baseline, 35 cases in the 1-year recall, and five cases in
the follow-up. As for CIN3+, 174 cases were detected at the
baseline, 23 cases in the 1-year recall, and two cases in the
follow-up.

Discussion

A retrospective evaluation of cervical screening data from
56,501 specimens subjected to both cytologic examination
and HR-HPV DNA testing suggested the rate of abnormal
cytology with ASC-US or worse was 11.7% and the HR-HPV
infection rate was 15.9% by Cervista HR-HPV assay in USA.'*
In China, there are not sufficient data on the national infec-
tion rates of HR-HPV. Based on opportunistic screenings in a
population of 19,018 women in Beijing, the rate of abnormal
cytology was 6.48% and the rate of HPV infection was 19.1%
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Table 2 Compare HR-HPV infection and cytology with pathological diagnosis in 9,748 patients

Subjects Pathological diagnosis

» P-value y P-value

NILM CINI CIN2 CIN3
(n=9,241) (n=228)  (n=80) (n=129)

Cancer
(n=70)

TCT

(n=9,748)

HPV-positive 837 177 73 17
(n=1,272)

HPV-negative 8,405 51 7 I
(n=8,476)

NILM

(n=8,882)

HPV-positive 667 38 10 16
(n=735)

HPV-negative 8,134 8 3 2
(n=8,147)

ASC-US

(n=411)

HPV-positive 105 58 24 12
(n=202)

HPV-negative 176 28 2 3
(n=209)

ASC-H (n=18)

HPV-positive 4 0 2 5
(n=13)

HPV-negative 3 | 0 |
(n=5)

LSIL (n=186)

HPV-positive 42 75 19 18
(n=l161)

HPV-negative 9 14 | |
(n=25)

= HSIL

(n=134)

HPV-positive 2 4 17 63
(n=130)

HPV-negative 0 0 | 2
(n=4)

AGC (n=115)

HPV-positive 16 2 | 4
(n=30)

HPV-negative 83 0 0 2
(n=85)

AlS (n=2)

HPV-positive 0 0 0 0
(n=1)

HPV-negative 0 0 0 0

(n=1)

68 7,290.071 <0.001 2,528.130 <0.001

4 1,604.354 <0.001 619.642 <0.001

3 30.743 <0.001 8.780 0.003

2 3.348 0.067 1.582 0.208

7 4.343 0.045 2.392 0.211

44 0.193 1.000 0.688 0.953

7 29.138 <0.001 25813 <0.001

Notes: y*: The difference of patients with CIN2+ (included CIN2 or worse) between the HPV-positive and -negative species; y*: the difference between the HPV-positive

and -negative species in patients with CIN3+ (included CIN3 or worse).

Abbreviations: AlS, adenocarcinoma in situ; AGC, atypical glandular cells; ASC-H, atypical squamous cells cannot exclude high-grade squamous intraepithelial lesion; ASC-
US, atypical squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; LSIL, low-grade squamous intraepithelial lesion;

NILM, negative for intraepithelial lesion or malignancy; TCT, thinprep cytologic test.

by high-risk HPV genotyping real-time PCR kit (Shanghai ZJ
Bio-Tech Co., Ltd., Shanghai, China)."> A multicenter study
including 30,207 women from 17 population-based studies
throughout China reported an HR-HPV infection rate of

17.7% and age-standardized HR-HPV prevalence was 16.8%
by HC2 (Qiagen) in 2012.' In our study, based on a local
center hospital population, the HR-HPV overall infection
rate was 16.57% when detected by Cervista, and the rate of
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Figure 3 Prevalence of HR-HPV infection and a cervical lesion in different age stratification.
Notes: (A) Prevalence of HR-HPV and different species in all age groups. (B) Prevalence of different cervical lesion in all age groups.
Abbreviations: CIN, cervical intraepithelial neoplasia; HR-HPV, high-risk human papillomavirus.

abnormal cervical cytology was 9.54%, consistent with the
data from single-center or multicenter studies in China.
According to the TARC Monograph Working Group, the
HR-HPV gene types of species A7 and A9 were included
in Group 1 and Group 2A.!2 Most studies indicated women
who were HR-HPV negative were at lower risk of CIN3,
cancer, and cancer death over a 10-year period.'”'® There is
profound importance in detecting the species A7 and A9 in
China, in which cervical cancer screening has not yet been

universally adopted. In this study, the most common style
of HR-HPV infection was simple HR-HPV species, among
which the most common species was A9 followed by A7.
Moreover, women with abnormal cytology were mostly
infected with species A9 or A7, especially in = HSIL. Previ-
ously, our team reported the most common HR-HPV types
were HPV-16, -52, -58, -18, -53, -33, and -51, ranked from
highest to lowest, and HPV-16, -18, -58, -59, and -33 were
the top five prevalent genotypes in cervical cancer; however,

Table 3 Comparing cytology and HR-HPV with co-testing in different degree of the cervical lesion (N=9,748)

HR-HPYV positive (95% CI)

TCT positive (95% CI)

HR-HPV+ TCT sequential
screening (95% CI)

)
)
25.18-31.17)
99.48-99.74)

)

CINI+
Sensitivity 86.07 (83.09-89.06) 84.02 (80.83-87.21)
Specificity 90.94 (90.36-91.52) 95.24 (94.80-95.67)
PPV 3471 (32.11-37.32) 49.19 (45.86-52.52)
NPV 99.15 (98.96-99.35) 99.09 (98.90-99.29)
PLR 9.50 (8.83-10.23) 17.65 (15.99-19.48)
NLR 0.15 (0.12-18.97) 0.17 (0.14-0.20)
CIN2+
Sensitivity 92.73 (89.74-95.73) 87.46 (83.57-91.34
Specificity 89.29 (88.67-89.92) 93.43 (92.93-93.93
PPV 20.90 (18.68-23.13) 28.18 (
NPV 99.75 (99.65-99.86) 99.61 (
PLR 8.66 (8.10-9.26) 1331 (12.19-14.54
NLR 0.08 (0.054-0.12) 0.13 (0.098-0.18)
CIN3+
Sensitivity 93.30 (89.91-96.69) 88.94 (84.59-93.30)
Specificity 88.62 (87.98-89.25) 92.78 (92.26-93.30)
PPV 15.21 (13.24-17.18) 20.44 (17.75-23.12)
NPV 99.83 (99.75-99.92) 99.76 (99.65-99.86)
PLR 8.20 (7.67-8.76) 12.33 (11.30-13.45)
NLR 0.08 (0.046-0.13) 0.12 (0.08-0.18)

97.48 (96.13-98.83)
88.01 (87.35-88.67)
31.22 (28.96-33.49)
99.84 (99.75-99.92)
8.13 (7.68-8.61)

0.029 (0.017-0.049)

98.26 (96.76-99.77)
85.98 (85.27-86.68)
17.57 (15.71-19.42)
99.94 (99.88-99.99)
7.01 (6.65-7.38)
0.02 (0.008-0.048)

99.03 (97.71-100.00)
85.28 (84.58-86.00)
12.79 (11.16-14.42)
99.98 (99.94-100.00)
6.73 (6.40-7.08)

0.01 (0.003-0.05)

Notes: CINI+: included CINI or worse; CIN2+: included CIN2 or worse; CIN3+: included CIN3 or worse.

Abbreviations: CIN, cervical intraepithelial neoplasia; HR-HPV, high-risk human papillomavirus; NLR, negative likelihood ratio; NPV, negative predictive value; PLR, positive
likelihood ratio; PPV, positive predictive value; TCT, thinprep cytologic test.

2250 submit your manuscript

Dove

Therapeutics and Clinical Risk Management 2018:14


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Clinical validation of the Cervista® in Chinese women from the Fujian province

>

250 - 239
200 A
150

100 A

CIN2+ (n)

50 ~ 35

5

1 T T
Baseline 1-yearrecall  Follow-up

Figure 4 Combining Cervista® with TCT to detect CIN2+/CIN3+.

B 174
150 4
€
+ 100 1
(a2}
=
© 50 A
23
2
O L} L] T
Baseline 1-yearrecall  Follow-up

Notes: (A) The cases of CIN2+ detected by co-testing were calculated in the baseline screening, first-year recall and subsequent follow-up, respectively. (B) The cases of
CIN3+ detected by co-testing were calculated in the baseline screening, first-year recall and subsequent follow-up, respectively.
Abbreviations: CIN2+, cervical intraepithelial neoplasia 2 or worse; CIN3+, cervical intraepithelial neoplasia 3 or worse

HPV-16, -18, -59, -45, and -33 were the top five highest risk
factors for cancer in Fujian Province." The risk of species
A9 has been confirmed in many studies and Cervista A9
even replaced the full Cervista assay as the primary screen-
ing modality.?® Our recent research also showed Cervista A9
was a good primary screening strategy.?!' This study also sug-
gested that simple species A9 infection was overwhelming
in women with CIN2, CIN3 and cancer, and all the infection
rates were higher than 50%. Therefore, species A9 could
be used to triage patients who were HPV-positive but who
without substantial abnormal cytology. The benefits are not
only that patients could obtain better precise screening and
avoid overtreatment but also that the psychological burden
regarding cervical cancer could be reduced sharply.

When squamous intraepithelial lesions of cervix occurred,
the detection of CIN2+ by TCT was 87.46% (244/279); in
particular, the detection rate of CIN2+ was 10.71% (44/411)
in patients with ASC-US, 55.56% (10/18) in patients with
ASC-H, 24.73% (46/186) in patients with LSIL and 95.52%
(128/134) in patients with = HSIL. A similar trend was
observed in the detection of CIN3+ by TCT. While the
detection of CIN2+ was only 12.17% (14/115) in patients
with AGC. Due to the only two patients with AIS detected
by TCT, we did not calculate the percentage (Table 2). Thus,
the diagnostic specificity of cytology aimed at high-grade
squamous intraepithelial lesions of the cervix showed sig-
nificant advantage but not in AGC lesions. Several studies
suggested that abnormal cytological findings in the normal
population can lead to an erroneous diagnosis of ASC-US,
AGC, or even LSIL.!"?>2* Therefore, co-testing showed
particularly important in cervical cancer screen. Then, how
effective was the clinical application of the Cervista test in
China, especially in Fujian province?

As seen in Table 2, the detection rate of CIN2+ by
HR-HPV was 92.83 (259/279); in particular, the detection

rate of CIN2+ was 88.64% (39/44) in patients with ASC-US,
90.00% (9/10) in patients with ASC-H, 95.65% (44/46)
in patients with LSIL, and 96.88% (124/128) in patients
with = HSIL in the squamous intraepithelial lesions of
the cervix. Moreover, a similar trend was revealed for the
detection of CIN3+ by HR-HPV. Nevertheless, the HR-HP V-
positive women had a higher incidence of CIN2+ and CIN3+
cervical lesions than the HR-HPV-negative in the patients
with NILM, ASC-US when the squamous intraepithelial
lesions of the cervix happened. It was worth noting that the
HR-HPV-positive women had a higher incidence of CIN2+
but not CIN3+ cervical lesions than the HR-HPV-negative
in the patients with LSIL. However, the incidence of CIN2+
and CIN3+ cervical lesions between HR-HPV-positive and
HR-HPV-negative women showed no significant difference
when their cytology diagnoses were = HSIL. This evidence
reconfirmed that HR-HPV showed no large advantage when
triaging high-grade cervical lesions and cytology could triage
patients directly. This observation has also been confirmed
in many other studies.?

Similarly, the detection rate of CIN2+ and CIN3+ was
85.71% (12/14) and 78.57% (11/14), respectively, in patients
with AGC. The HR-HPV-positive women had a higher
incidence of CIN2+ and CIN3+ cervical lesions than the
HR-HPV-negative in the patients with AGC. Therefore,
HR-HPV showed advantages compared with TCT when
screening AGC of the cervix. On one hand, HR-HPYV triaged
patients with NILM or ASC effectively. On the other hand,
patients with CIN2+ and CIN3+ cervical lesions when their
cytology diagnosis was AGC could be distinguished by HR-
HPV. Liu et al®”’ collected a total of 169 paraffin-embedded
specimens of cervical adenocarcinoma from nine hospitals in
seven regions across China. They detected 14 types of HR-
HPYV in whole tissue sections (WTSs). HPV 16 was the most
common type, and the second most common were HPV18
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and HPV52. The HPV positive rate was 50.8% and 66.7%
for the simple infection and multiple infections, respectively,
after laser capture microdissection (LCM). That was a better
proofthat HR-HPV could reliably identify AGC and cervical
adenocarcinoma.

After age stratification, there were two peaks of HR-
HPYV prevalence in the women who were 21-25 years
and >60 years, respectively. The result was consistent with
the data of cervical cancer screening in Zhejiang Province.*
While the prevalence of A7 and A5/A6 infection was similar.
A9 species infection was the most popular. The prevalence
of HSIL (CIN2+) was increasing with age. There was a same
peak of HSIL (CIN2+) in the women aged 51-60 years, which
was consistent with the time-dependent carcinogenesis of
HPV. However, the peak of LSIL (CIN1) was in the popula-
tion aged 3140 years. But the prevalence of LSIL (CIN1)
showed a downward trend with age after 40 years. Thereout,
we need to pay more attention to the elderly women with A9
species infection in clinical.

Our study showed that the Cervista HR-HPV assay and
cervical tissue pathology were positively correlated, indicat-
ing that the Cervista technology can accurately detect HR-
HPV infection in cervical lesions. In particular, the species
A9 and A7 HR-HPV infection would be more detected. The
success of HR-HPV testing in clinical practice is largely
dependent on its high sensitivity, NPV, and lowest NLR.
Therefore, false-negative results should be particularly wor-
rying. A combination of HPV detection and cytology can
improve the sensitivity and the NPV of the screening for
cervical cancer and CIN. In this study, the use of TCT cytol-
ogy combined with the Cervista HR-HPV test was evaluated.
When the detection endpoint was CIN1+, CIN2+and CIN3+
lesions, the PPV and specificity of both tests combined were
higher than either test alone. Boers et al*' claimed that both
the clinical sensitivity and specificity of the Cervista HPV
HR test for high-risk human papillomavirus (HPV) detection
were not inferior to those of the Hybrid Capture 2 (HC2)
test. Moreover, we missed 14.34% (40/279) women with
CIN2+ and 12.56% (25/199) women with CIN3+ in the
first round co-testing. When 1-year recall, we missed 1.79%
(5/279) women with CIN2+ and 1.01% (2/199) women with
CIN3+. Thus, Cervista could be used in co-testing to screen
cervical lesion.

There are limited data in the literature regarding the
clinical use of Cervista in China. Our results showed that the
Cervista HR-HPV test was sensitive, specificity, and reliable
screening method. It not only could screen out the cervical
lesion of squamous epithelium cell but also of gland cell.

Gynecologists should take active clinical intervention when
the patient infected with species A9.

Conclusion

The Cervista could be easily introduced in clinical practice
in combination with TCT for cervical cancer screening in
China. Patients with species A9 infection require a more
actively clinical intervention.
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