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Background: Cervical cancer is strongly associated with persistent human papillomavirus
(HPV) infections. The ThinPrep cytologic test (TCT), HPV DNA detection, and E6/E7
mRNA testing are widely used to screen for cervical abnormalities.

Purpose: This study aimed to find a suitable method for cervical cancer diagnosis (but not
for cervical cancer distant metastasis), especially among women whose TCT results are
atypical squamous cells of undetermined significance (ASCUS) or worse (including
ASCUS).

Patients and methods: A total of 301 samples from Wenzhou People’s Hospital from
June 2014 to September 2017 were collected, we conducted comparative analysis of the
diagnostic performance of several conventional screening methods both individually and in
combination.

Results: We compared the sensitivity, specificity, positive predictive value, negative pre-
dictive value, and Youden index retrospectively estimated not only by single TCT, HPV
DNA detection, or E6/E7 mRNA testing but also by combination methods, such as TCT
+HPV DNA, TCT+E6/E7 mRNA, or TCT+HPV DNA+E6/E7 mRNA. Screening under TCT
+E6/ETmRNA was confirmed with relatively higher sensitivity of 76.1% (95% CI:
0.659-0.841), specificity of 74.6% (95% CI: 0.681-0.803), and the highest Youden index
of 0.507.

Conclusion: The joint screening methods showed relatively reliable specificity and sensi-
tivity for cervical disease screening, and detection by TCT+E6/E7 mRNA has the potential to
be a widely used clinical method for cervical cancer screening.

Keywords: ThinPrep cytologic test, human papillomavirus DNA, E6/E7 mRNA, cervical

cancer

Introduction

Cervical cancer is the third most common type of cancer and the fourth for
mortality rate in the world among women.' Cervical intraepithelial neoplasia
(CIN) is a premalignant cervical disease caused by persistent high-risk human
papillomavirus (HR-HPV) infection. Among HR-HPVs, the HPV 16 and 18 sub-
types account for 65—75% of cervical cancers, while the other high-risk genotypes
account for the rest.”>** HPV screening (secondary prevention) remains a key
strategy for identifying cervical precancerous lesions and invasive cervical cancer
precursors.” Women over 30 years of age or women with ambiguous cytology

results are recommended to undergo HPV DNA testing.” In addition, HR-HPV
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genotype expression encodes two main transformation
genes of E6 and E7 proteins, which are necessary for the
immortality of human primary keratinocytes. These two
carcinogenic genes are evenly preserved and highly
expressed in cervical cancer cells, and their continuous
expression is responsible for HPV initial cervical
oncogenesis.

The E6 and E7 proteins were initially identified through
their capability to target the p53 and retinoblastoma protein
(pRb) tumor suppressor pathways in host cells, thereby inter-
fering with cell cycle regulation. E7 stimulates the cell cycle
via its capability to bind and inactivate cellular pRb, whereas
E6 binds to p53 that leads to degradation of p53 via the
proteasomal pathway.®? A considerable number of modal-
ities have focused on screening, such as the ThinPrep cyto-
logic test (TCT), HPV DNA detection, and HPV mRNA
testing. Although the TCT is widely used in clinical practice,
it is easy to cause false negative or false positive results,
especially among atypical squamous cells of undetermined
significance or worse (ASCUS+) (including ASCUS) cases,
due to subjective factors, such as operation and reading. The
TCT has a high specificity for cervical disease diagnosis, but
its sensitivity is poor, and it is susceptible to the quality and
subjective factors of the specimen. HR-HPV screening can
compensate for the lack of liquid-based cytology, and can be
combined with liquid-based cytology screening to improve
sensitivity. The negative predictive value (NPV) of HR-HPV
E6/E7 mRNA detection is high, and the two methods can
make up for each other’s deficiencies, thus significantly
reducing the rate of missed diagnosis of CIN I, CIN II, CIN
III, and cervical cancer. However, the specificity of HPV
DNA detection is low, and the virus activity cannot be
affirmed by HPV DNA detection. A large number of unne-
cessary colposcopy and biopsy procedures are also required.
HPV mRNA testing has also been applied for screening, but
its specificity and sensitivity are affected by age.'™'" As
a result, the TCT, HPV DNA detection, and HPV mRNA
testing are not only unable to predict the progression of
cervical lesions and risk assessment but also can increase
the patients’ mental burden. Thus, a combination of specific
and sensitive methods should be adopted in cervical cancer
triage in the future.

In this retrospective study, we have taken the pathology
diagnosis as the golden standard to assess the perfor-
mances of the TCT, HPV DNA detection, the E6/
E7mRNA test, and their joint detection.

Materials and methods

Case selection

We conducted a retrospective analysis of women who
attended the outpatient department of Wenzhou People’s
Hospital from June 2014 to September 2017. The data
from this study were derived from the clinical information
obtained from patients after normal clinical examination.
We performed a retrospective analysis of anonymized
information which did not include further intervention
for the patients, so patient consent was waived. This
study was reviewed and approved by the Ethics
Committee of Wenzhou People’s Hospital, and complied
with the Declaration of Helsinki. The selected cases were
cervical abnormalities diagnosed by histological analysis.
All cases were screened by the TCT, HPV DNA, and E6/
E7 mRNA. The cases whose cytologic results were
ASCUS+ (including ASCUS) were collected. The
women who participated in the study ranged in age from
20 to 82 years, and the mean age was 45.46 years. They
mainly complained about contact bleeding, vaginal dis-
charge abnormalities, genital itching, and other symptoms.
Criteria for selecting the subjects were as follows: 1) not
pregnant currently; 2) no evidence of any immunodefi-
ciency; and 3) no history of therapy neoplasms.

TCT

An endocervical brush slowly inserted into the cervical
canal to a depth of approximately 1 cm should be at the
junction of the squamous epithelium and columnar
epithelium at the outer cervix, and with a certain pressure
rotated 5-10 times in a clockwise or counterclockwise
direction. Cervical samples must be immediately trans-
ferred to the TCT medium and prepared for ThinPrep
specimens following the manufacturer’s instructions.

Cytology slides were produced automatically by
ThinPrep 2000 (Hologic) and diagnosed by two cytology
experts. The TCT results were classified according to the
2001 Bethesda System (TBS), namely, negative for
intraepithelial lesions or malignancy; ASCUS; atypical
squamous cells, cannot exclude high-grade squamous
intraepithelial lesion; low-grade squamous intraepithelial
lesion (LSIL); high-grade squamous intraepithelial lesion;
squamous carcinoma; and adenocarcinoma. Results
higher than ASCUS (ASCUS+) were regarded as

positive.
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HPV E6/E7 mRNA detection

We used the QuantiVirus HPV E6/E7 mRNA assay
(Kodia, Xinxiang, China), a nucleic acid hybridization
procedure based on branched-chain DNA hybridization
HPV-positive
Hybridization was performed in a microplate with the

technology, to  identify patients.
samples and corresponding probes (14 high-risk types,
namely, HPVs 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 66, and 68). Both the viral mRNA and the preamplified
probe hybridize with the solid-phase coated probe, and the
amplified probe binds to the preamplified probe to form
a branched DNA complex. The luminescent probe labeled
with alkaline phosphatase was hybridized to the solid-
phase complex and the luminescence value of the sample
was detected by the QuantiVirus luminescence instrument.
Finally, the results were calculated by Diacarta software
and recorded as relative light units. If the signal was
greater than or equal to the luminescence threshold, then
the result for the corresponding patient was positive.
Otherwise, the result was negative.

HPV DNA test

HPV DNA testing using the HPV Nucleic Acid Test Kit
(Tellgen, Shanghai, China) via PCR technology was
conducted to identify 27 genotypes in the Luminex
200 system.'? The HPV DNA chip was not only cap-
able of detecting various HPV subtypes simultaneously
but also showed higher sensitivity and specificity than
those of traditional cytology. The results for HPV DNA
detection were divided into HPV—, HPV 16/18+ (posi-
tive results for either type 16 or type 18 with or without
the 25 other types), and HR-HPV+ (positive for 17 HR-
HPVs with or without the 10 other low-risk HPV

types).

Histological analysis

Women with positive cervical cytology detected either
by HPV DNA, the TCT, or E6/E7 mRNA tests were
referred to further examination and treatment. Cervical
samples were collected from cervical biopsies, conical
resections, or total hysterectomy. The tissue specimens,
which were fixed by formalin and embedded by paraffin,
were stained with H&E for histopathological examina-
tion. The results were diagnosed by two senior pathol-
ogists according to the World Health Organization
(Fourth Edition 2014) pathological diagnostic criteria.
The histological results were defined as CIN I, CIN II,

CIN III, and cancer. Cases lower than CIN I (including
CIN I, CIN-) were considered negative, whereas those
higher than CIN II (including CIN II, CIN II+) were
positive.

Statistical analysis
The performance of any single detection or joint detection
method was assessed using specificity, sensitivity, positive
predictive value (PPV), NPV, and Youden index.
Statistical analysis was performed by two statistical
packages, namely, IBM SPSS 19.0.1 for Windows
(IBM Corporation, Armonk, NY, USA). Statistical ana-
lyses were performed using a chi-square test. All
P-values reported were two-sided, and P<0.05 was
considered statistically significant.

Results

Among 301 cases, the numbers of ASCUS, LSIL, aty-
pical squamous cells, cannot exclude high-grade squa-
mous intraepithelial lesion, and high-grade squamous
intraepithelial lesion were 153, 65, 23, and 60, respec-
tively (summarized in Table 1). The positive rate of
CIN II+ increased with an increase in the TCT grade,
which showed consistency of the TCT results and his-
tologic diagnosis results to some extent. However,
numerous cases could not be screened correctly by
the TCT. For example, if a case is LSIL, they will be
referred for colposcopy for further diagnosis. However,
from Table 1, the positive rate of LSIL was only
24.6%, which means 75.4% of cases have no need to
refer to further diagnosis, which induces a waste of
time and resources. This condition also reflects the
low specificity of the TCT.

Table | The cases of CIN |- and CIN Il+ among different TCT
grades

Number of CIN CIN lI+, number
cases I- (%)

AscuUs | 153 136 17 (11.1%)

LSIL 65 49 16 (24.6%)

ASC-H | 23 8 15 (65.2%)

HSIL | 60 6 44 (73.3%)

Total 301 209 92

Abbreviations: ASC-H, atypical squamous cells, cannot exclude high-grade squa-
mous intraepithelial lesion; ASCUS, atypical squamous cells of undetermined sig-
nificance; CIN, cervical intraepithelial neoplasia; HSIL, high-grade squamous
intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; TCT,
ThinPrep cytologic test.
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Screening results of TCT, HR-HPV, HPV

16/18, and E6/E7 mRNA

We analyzed the performances of the TCT, HR-HPV, HPV
16/18, and E6/E7 mRNA (summarized in Tables 2-5).
A comparison of the TCT and HR-HPV methods indicated
that HR-HPV shows the highest sensitivity of 95.65%
(95% CI: 0.886-0.986) and the lowest specificity of
15.31% (95% CI: 0.109-0.211). Screening by HPV 16/18
is more specific than by HR-HPV, which suggests that
HPV types 16 and 18 are more correlated with high-
grade CIN.

Screening results of TCT+HR-HPV, TCT
+HPV 16/18, TCT+E6/E7 mRNA, and
TCT+HR-HPV+E6/E7 mRNA

We analyzed the performances of the TCT, HPV DNA,
and E6/E7 mRNA and did not acquire a perfect method
with both high specificity and high sensitivity. We there-
fore then analyzed the joint detection performances of
TCT+HR-HPV, TCT+HPV 16/18, TCT+E6/E7 mRNA,

Table 2 The performance of the TCT

and TCT+E6/E7 mRNA+HR-HPV (summarized in
Tables 6-9). The positive rate of these methods increased
along with an increase in pathological grade. The TCT
+HPV 16/18 method had high specificity of 90.90%
(95% CI: 0.860-0.943) but remarkable low sensitivity
of 45.65% (95% CI: 0.353-0.563), which cannot be
applied in clinical screening for cervical cancer. In addi-
tion, the specificity and sensitivity of TCT+HR-HPV
were 71.29% (95% CI: 0.646—0.772) and 79.34% (95%
CI: 0.694-0.868), respectively. The corresponding rates
for TCT+E6/E7 mRNA were 74.64% (95% CIL:
0.681-0.803) and 76.10% (95% CI: 0.659-0.841).
These latter two joint methods display high rates of
specificity and sensitivity.

We summarized all of the data (Table 10) and found
that, compared with other methods, the TCT+E6/E7
mRNA method presented high rates of specificity, sensi-
tivity, PPV, and NPV, namely, 74.64%, 76.10%, 56.91%,
and 87.64%, respectively, and the highest Youden index of
0.507. TCT+HR-HPYV is similar to TCT+E6/E7 mRNA,
with specificity, sensitivity, PPV, NPV, and Youden index

TCT Number CIN I- CIN 1+ Specificity (%) Sensitivity (%)
- 153 136 17 65.07 81.52
+ 148 73 75

Abbreviations: CIN, cervical intraepithelial neoplasia; TCT, ThinPrep cytologic test.

Table 3 The performance of the HR-HPV

HR-HPV Number CIN I- CIN I+ Specificity (%) Sensitivity (%)
- 36 32 4 15.31 95.65
+ 265 177 88

Abbreviations: CIN, cervical intraepithelial neoplasia; HR-HPV, high-risk human papillomavirus.

Table 4 The performance of HPV 16/18

HPV 16/18 Number CIN I- CIN I+ Specificity (%) Sensitivity (%)
- 195 156 39 74.64 57.61
+ 106 53 53

Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.

Table 5 The performance of E6/E7 mRNA
E6/E7T mRNA Number CIN I- CIN 11+ Specificity (%) Sensitivity (%)
- 76 69 7 33.01 92.39
+ 225 140 85

Abbreviations: CIN, cervical intraepithelial neoplasia.
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Table 6 The performance of TCT+HR-HPV

TCT+HR-HPV Number CIN I- CIN 11+ Specificity (%) Sensitivity (%)
- 168 149 19 71.29 79.34
+ 133 60 (45.1%) 73 (54.9%)

Abbreviations: CIN, cervical intraepithelial neoplasia; HR-HPV, high-risk human papillomavirus; TCT, ThinPrep cytologic test.

Table 7 The performance of TCT+HPV 16/18

TCT+HPV 16/18 Number CIN I- CIN 11+ Specificity (%) Sensitivity (%)
- 240 190 50 90.90 45.65
+ 61 19 (31.2%) 42 (68.8%)

Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; TCT, ThinPrep cytologic test.

Table 8 The performance of TCT+E6/E7 mRNA

TCT+E6/E7 mRNA Number CIN I- CIN I+ Specificity (%) Sensitivity (%)
- 178 156 2 74.64 76.10
+ 123 53 (43.1%) 70 (56.9%)

Abbreviations: CIN, cervical intraepithelial neoplasia; TCT, ThinPrep cytologic test.

Table 9 The performance of TCT+E6/E7 mRNA+HR-HPV

TCT+E6/E7T mRNA+HR-HPV Number CIN I- CIN 1+ Specificity (%) Sensitivity (%)
- 184 159 25 76.08 72.83
+ 17 50 (34.01%) 67 (57.3%)

Abbreviations: CIN, cervical intraepithelial neoplasia; HR-HPV, high-risk human papillomavirus; TCT, ThinPrep cytologic test.

Table 10 Comparison of different screening methods

Specificity Sensitivity PPV NPV Youden index

TCT 65.07%" 81.52% 50.68% 88.89% 0.396
HR-HPV 15.31%" 95.65%* 33.21% 88.89% 0.11

HPV 16/18 74.64% 57.61%* 50% 80% 0.322
E6/E7 mRNA 33.01% 92.39%* 37.78% 90.79% 0.254
TCT+HR-HPV 71.29%¢ 79.34% 54.88% 88.69% 0.506
TCT+HPV 16/18 90.90%° 45.65%* 68.85% 79.17% 0.366
TCT+E6/E7 mRNA 74.64% 76.10% 56.91% 87.64% 0.507
TCT+E6/E7 mRNA+HR-HPV 76.08% 72.83% 57.26% 86.41% 0.489

Notes: *Compared with the sensitivity of TCT+HR-HPV, P<<0.05. ®*Compared with the specificity of TCT+HR-HPV, P<<0.05. “Compared with the sensitivity of TCT+E6/E7

mRNA, P<<0.05. “Compared with the specificity of TCT+E6/E7 mRNA, P<<0.05.

Abbreviations: HR-HPV, high-risk human papillomavirus; NPV, negative predictive value; PPV, positive predictive value; TCT, ThinPrep cytologic test.

of 71.29%, 79.34%, 54.88%, 88.69%, and 0.5006, respec-
tively. Compared with E6/E7 mRNA, the P-value is <0.05,
showing a significant difference. Although the method of
TCT+E6/E7 mRNA+HR-HPV had a high Youden index, it
for clinical

is inconvenient screening with many

operations.

Discussion
HPV infection

cancer.'”'* Almost 100% of high-grade CIN and cervical
cancer are associated with HPV infection, which is con-

is a major risk factor for -cervical

sistent with our results presented in Tables 3 and 4. The
majority of HPV infections are transient infections and
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will be cleared within several months by the immune
system.' If the viral infection continues to persist latently
in a group of patients, it can result in an increased risk of
acquiring epithelial cell aberration and subsequently pro-
gressing to cancers.'® Such progression takes approxi-
mately 10-15 years."”

The TCT grade of ASCUS is difficult to decide on, ie,
whether to refer to further diagnosis, and it has become
a significant problem for doctors. The TCT, HPV DNA
detection, and E6/E7 mRNA are widely applied for pri-
mary screening. However, subjective factors, such as
operation and reading of TCT results, lead to false nega-
tive or false positive results. Furthermore, the specificity of
HR-HPV DNA detection and E6/E7 testing is low, which
causes a large number of overdiagnoses and overtreatment
that can increase the mental burden of patients. A better
method must thus be adopted for primary screening, espe-
cially in ASCUS+ (including ASCUS). The viral onco-
genes E6 and E7 are responsible for the occurrence of
cervical cancer caused by HPV. E6 and E7 oncogene
transcription can be monitored directly through the detec-
tion of E6 and E7 mRNA transcripts or proteins,'® or
indirectly via detecting the pl6 expression of the host
cell,'” which is upregulated by the HR-HPV E7 protein.
Wallace et al compared the specificity between the E6/E7
mRNA assay and the HPV DNA assay and determined
that the former has better specificity than that of the
latter.”® Cuschieri et al compared the clinical performance
of an HPV DNA and an RNA-based test in women with
cytological abnormalities, and found that the RNA-based
test was more specific than HPV DNA in the total cohort
(p<0.001).>' HR-HPV DNA test results have lower pre-
dictive value for cervical cancer because they cannot dis-
tinguish between an overinfection or a persistent infection,
and cervical cancer is based on persistent infection.
Although HPV DNA testing has high clinical sensitivity,
its specificity is low, and the vast majority of positive
results are nonhistologically high lesions caused by short-
Studies have shown that HPV E6/E7
mRNA detection has greater advantages in specificity
than HPV DNA genotyping.>>

The study group consisted of 301 women, collected

term infections.

from Wenzhou People’s Hospital from June 2014 to
September 2017. The sensitivity values of the TCT, HR-
HPV, HPV 16/18, and E6/E7 mRNA were 81.52% (95% CI:
0.718-0.886), 95.65% (95% CI: 0.886-0.986), 57.61%
(95% CI: 0.469-0.677), and 92.39% (95% CI:
0.844-0.966), respectively. HR-HPV DNA, which owned

the highest sensitivity, was especially suitable for the
screening of CIN in the female population, which is con-
sistent with the reports. Considering the low specificity of
HR-HPV DNA, which was only 15.31% (95% CI:
0.109-0.211), we further defined HPV 16/18 as positive,
and its specificity was dramatically increased from 15.31%
to 74.64% with a decrease in sensitivity simultaneously.
HPV 16/18 with a Youden index of 0.322 is generally better
than HR-HPV with a Youden index of 0.11. However, this
method is still not perfect, and a new detection method
should be applied to reduce the high misdiagnosis rate.
The specificities of the TCT and E6/E7 mRNA were
65.07% (95% CIL: 0.581-0.714) and 33.01% (95% CL:
0.268-0.399), respectively, which were still far from
a reliable CIN screening method. We tested joint methods
such as TCT+HR-HPV, TCT+HPV 16/18, TCT+E6/E7
mRNA, and TCT+HR-DNA+E6/E7 mRNA, and then mea-
sured the sensitivity and specificity of each combined
method to compensate for specificity, sensitivity, and diag-
nostic efficacy. Compared with the single methods,
a significant difference in diagnosis, especially in the joint
method of TCT+E6/E7 mRNA, which had higher specifi-
city of 74.64% (95% CI: 0.681-0.659), higher sensitivity of
76.10% (95% CI: 0.659-0.841), and the highest Youden
index of 0.507, was observed. They have the potential to
provide a more scientific and efficient screening program.
The results inferred that cervical precancerous lesions
are associated with the level of E6/E7 mRNA transcrip-
tion; in other words, the transcription of HPV E6/E7
mRNA is closely related to the degree of lesion progres-
sion. E6 and E7 are the most important oncogenes in all
HPVs, and the proteins of E6 and E7 can extend the life
of infected cells and induce cancer by degrading p53 and
pRb, which are well-known tumor suppressors. HPV E2
can regulate oncogene expression, and deficiency of E2
increases oncogene expression. When the HPV genome
integrates into the host cell’s DNA, the E2 gene product
will be disrupted, which results in the early abnormality
and following cervical lesions.”*** The E6 and E7
mRNAs, as transcription products of the oncogenes and
the translation templates of the E6 and E7 proteins,
reflect the gene expression activity and are related to
the severity of the cervical diseases.”> Although the pre-
valence of E6 and E7 mRNA does not present any
differences between the CIN I— and CIN II+ groups,
E6/E7 mRNA might play a role in reflecting the activity
of HPVs. A causal relationship exists between HR-HPV
and almost all cases of cervical cancer and their
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precursors. The risk of progression to cancer also varies
between different HR-HPV genotypes, and types 16 and
18 remain the most common in cervical lesions and are
widely detected in screening cervical cancer. The high-
risk types of the top three infection rates in this study
were HPVs 16, 52, and 58. HPVs 16 and 18 played an
important role in diagnosing high-grade CIN; the speci-
ficity of HR-HPV was only 1531% (95% CI
0.109-0.211), whereas that of HPV 16/18 was 74.60%
(95% CI: 0.681-0.803), which suggested that HPV 16
and 18 rather than other HR-HPVs are the main HPV
subtypes associated with cervical disease. This finding is
consistent with previous studies, which have found that
almost all cervical cancers are HPV related, and 70% of
which are caused by HPV 16 and HPV 18 infections.
HPV infection is therefore closely related to precancer-
ous lesions of the cervix, and a correlation may exist
between the viral infection rate and the degree of disease.

Conclusion

In summary, we found that combined diagnosis by the
TCT and E6/E7 mRNA, compared with single tests,
had a better diagnostic performance, especially when
the specificity of the TCT and E6/E7 mRNA diagnosis
were not ideal. The combination of the TCT and E6/E7
may exert an important influence on the reflection of
malignant progression of cervical cancer and precan-
cerous lesions, and may be a good indicator of the
degree of cervical deterioration.
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