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Abstract

Background: The progression rate from CIN1 to CIN3 is 9.0% and that for inva-
sive cancer is 1.0%. The large majority of CIN1 lesions regress spontaneously, and
the treatment of CIN1 is still controversial.

Aims: The aim of this study is to investigate the responsible HPV genotype in the
low-grade SILs, then to predict the presence of high-grade SILs, and determine
whether further treatment is needed.

Methods: We use the methods of manual microdissection with FFPE tissue spec-
imens and the E6/E7 uniplex polymerase chain reaction (PCR) to detect HPV in
the lesions.

Results: The HPV test was performed on 72 biopsy tissue specimens, and 55
(76.4%, 55/72) of them were HPV positive. Nine (16.4%, 9/55) of them escalated
to CIN2 after LEEP or cervical conization, and 46 (83.6%, 46/55) were still CIN1.
There were 17 (23.6%, 17/72) cases with HPV-negative results in cervical biopsy
tissues.

HPYV test of cervical biopsy diagnosed with CIN1 has a positive predictive value
of 16.4% in the presence of CIN2 or higher lesions, a negative predictive value of
94.1%, a specificity of 25.8%, and a sensitivity of 90.0%. HPV test of cervical biopsy
tissues for the prediction of HPV infection in LEEP or cone surgery tissues had a
positive predictive value of 80.0%, a negative predictive value of 82.3%, a specific-
ity of 56.0%, and a sensitivity of 93.6%.

Conclusions: It is the first time that we have detected HPV genotype in the low-
grade SILs by the methods of manual microdissection with FFPE tissue speci-
mens and the E6/E7 uniplex PCR. Patients with cervical biopsy tissue diagnosed
with CIN1 and with a negative or only low-risk HPV type result can be considered
for follow-up. Conversely, in cases of cervical biopsy tissue diagnosed with CIN1
positive for high-risk HPV, surgery or a close follow-up program can be selected.
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1 | INTRODUCTION

Cervical cancer is the second most common malignant
tumor in women worldwide.! It is well established that
most cervical cancers develop from noninvasive dysplas-
tic lesions known as cervical intraepithelial neoplasia
(CIN).>® There are three categories of CINs based on the
degree of dysplasia, namely CIN1 (mild), CIN2 (moder-
ate), and CIN3 (severe).* Early detection and diagnosis of
these precancerous lesions, which were recently called
squamous intraepithelial lesions (SILs),” are essential to
prevent cervical cancer.

Since Strauss discovered the human papillomavirus
(HPV)under the electron microscope in 1949, Zur Hausen
first proposed that HPV is closely related to cervical can-
cer in 1974.° This virus is a kind of papillomavirus and
belongs to the small, nonenveloped, and double-strand
DNA virus type. After decades of research, HPV is cur-
rently thought to be a causative agent of cervical cancer
and its precursors.”® Until now, about 200 types of HPV
have been identified, and nearly 25% of them have been
detected in the mucosal epithelium of the female geni-
tal tract.”'® Based on many epidemiological and clinical
studies, the World Health Organization (WHO) classifies
mucosal HPV into 12 high-risk (HR) HPV types (HPV16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59) and a probable
high-risk type (HPV68)."" Additionally, nine HPV types
(HPV26, 30, 34, 53, 66, 67, 70, 73, and 82) are thought
to be possible high-risk HPV (pHR) types, as they are
occasionally identified in malignant tumor tissue.''™*?
HR-HPV encodes two oncoproteins, E6 and E7, which
are continuously transcribed after the integration of the
HPV genome into a host cell’s DNA." The E6 and E7 are
synergistically acted to drive the host cells to proliferate
and transform those into cancer cells. It is also known
that such actions are generally not present in low-risk
(LR) HPV types.

Cervical HPV infection is the most common sexually
transmitted disease. However, about 90% of them are tran-
sient, and these viruses can be cleared from the patient
within a few years.”’15 Nevertheless, some patients have
persistent infections and develop high-grade SILs (CIN2
and CIN3) several years later or even cervical cancer more
than 10-20 years later.”>™"’

Epidemiological studies have shown that HPV in cer-
vical squamous cell carcinoma (Cx-SCC) has a preva-
lence of 98.7%,"> while CIN2 and CIN3 have a prevalence
of 83.6% and 93.2%, respectively. Contrastingly, in CIN1
(low-grade SIL) patients, the HPV prevalence is consid-
erably lower (in the range of 30.6%-74.8%).">'® We have
previously reported that in cervical cancer and high-
grade SIL lesions, multiple HPV types are frequently
identified in the scraped cervical cell samples, but finally,
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only one HPV type is found in one tissue lesion.***° This
suggests that cell-sample is not suitable to determine
HPV type responsible for the target lesion, a combination
of microdissection from FFPE (formalin-fixed, paraffin-
embedded) tissue specimen and the highly sensitive HPV
test may be the most accurate method to determine the
relationship between responsible HPV type and the re-
lated lesion.”

The progression rate from CIN1 to CIN3 is 9.0% and
that to invasive cancer is only 1.0%. In fact, the large ma-
jority of CIN1 lesions (57%-90%) regress spontaneously,"
thus, the overtreatment of CIN1 should be minimized
while avoiding the missed diagnosis of high-grade SILs
and even cervical cancer, which is particularly meaningful
for women seeking to have children, since the excisional
procedures may result in adverse obstetric outcomes in
the future. At present, there is a lack of consensus regard-
ing the medical intervention for CIN2 and CIN3 lesions,
which should be treated by excision of the transformation
zone with a postoperative follow-up of at least 2-5 years
to observe for possible recurrence, or less commonly, hys-
terectomy for CIN3 or carcinoma in situ,?!*> however, the
treatment of CIN1 is still controversial.”*** The Japanese
Treatment Guideline recommends that CIN1 should be
monitored rather than treated because 70% of CIN1 cases
spontaneously regress within 1 year and 90% regress
within 2 years.*

Therefore, the main target of a predictive test is to have
an extremely high or even an absolute negative predictive
value, which means that no cases were predicted to be
low-grade SILs. However, the finding of high-grade SIL
had an acceptable positive predictive value. With such a
predictive test, it may be possible to reduce the number of
patients overtreated for CIN1 lesions that may not prog-
ress or may even regress spontaneously.

The aim of this study is to investigate the detection
of HPV genotype responsible for the lesion by the meth-
ods of manual microdissection with FFPE tissue speci-
mens and the E6/E7 uniplex polymerase chain reaction
(PCR), then to predict the presence of higher-grade SIL
lesions, and determine whether further treatment is
needed.

2 | MATERIALS AND METHODS

2.1 | Selection of subjects and specimens
We selected patients who underwent cervical cancer
screening at the Gynecological Clinic of China Medical
University Affiliated Shengjing Hospital from January
2017 to January 2019. Due to abnormal results in the cyto-
logical test (Thinprep Cytologic Test) and HPV test using
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cervical canal cells, 5367 patients underwent further col-
poscopy or cervical multiple-point biopsy in the Cervical
Lesion Clinic. The endpoint diagnosis was based on the
histopathological diagnosis, and the highest grade was
chosen (i.e., if four biopsy tissue specimens from one case
were diagnosed as CIN1, CIN2, CIN1, and chronic cervi-
citis, CIN2 was determined as the endpoint diagnosis). In
total, 1033 patients were diagnosed as CIN1, and only 76
of them underwent further treatment, including the Loop
Electrosurgical Excision Procedure (LEEP) or cervical di-
agnostic conization, while the remaining 957 cases were
simply monitored with a cytological test, HPV test, and
colposcopy. Consent was obtained from all subjects be-
fore surgery for the use of their cells or histological speci-
mens for this study, and the protocol was approved by the
Ethics Committee of China Medical University Shengjing
Hospital.

The Thinprep Cytologic Test (TCT) was performed
through a liquid-based thin layer machine (ThinPrep,
Hologic) and was then examined and diagnosed by an ex-
perienced cytopathologist. The criteria of diagnosis were
based on The Bethesda System classification revised in
2001.* Abnormal results included atypical squamous ep-
ithelial cells with unclear meaning (ASCUS), low-grade
squamous intraepithelial lesions (LSIL), atypical squa-
mous epithelial cells that do not exclude high-grade squa-
mous intraepithelial lesions (ASC-H), and high-grade
squamous intraepithelial lesions (HSIL). On the other
hand, the absence of intraepithelial lesions or malignant
cells was considered a normal result.

The HPV test of cervical canal cells was performed
using the HPV typing test kit (Kaipu Bio Ltd). The kit
can identify 13 high-risk types (HPV16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, and 68), two possible high-
risk types (HPV53 and HPV66), and six low-risk types
(HPVS®, 11, 42, 43, 44, and 81). A positive result for more
than one type was considered a multi-type infection.
However, five possible high-risk types, namely HPV26,
67, 70, 73, and 82, could not be detected. The TCT and
HPV tests were performed within 1 week from the first
visit.

Colposcopy was performed to examine the pres-
ence of cervical lesions and then three or four punch
biopsy specimens were obtained from abnormal le-
sions. Both the steps were performed by an experienced
gynecologist.

As for further treatment, LEEP surgery was performed
in the Cervical Lesion Clinic, whereas cervical coniza-
tion was completed in the operating room. All final his-
topathological diagnoses were revised in consensus by
two experienced pathologists. If the diagnosis results were
inconsistent, a third high-level pathologist assisted the
diagnosis.

2.2 | Sandwich cutting for FFPE tissue
specimens and DNA extraction

With the assistance of a pathologist, we obtained all the 72
patients’ FFPE blocks, which contained biopsy tissue and
LEEP or conization tissue.

The FFPE blocks were sectioned according to the fol-
lowing procedure: 1 slide of 4 pm section was used for
histopathological diagnosis, and 4-5 10 pm slides were
used for DNA extraction and HPV genotyping, and the
last 4 um slide was used for histopathological evaluation
to confirm target lesion remained. The microtome was
cleaned with 70% alcohol, and the blade was replaced with
each tissue block in order to avoid contamination. The tis-
sue slides were stored in a refrigerator at —20°C until the
next procedure.

All the control slides with HE staining were reviewed
by the same pathologist, and the final diagnoses were con-
firmed. The areas of abnormal lesions, and normal squa-
mous or glandular epithelium were marked separately on
each control slide. Viewing the marked areas, abnormal
area, or normal epithelium on the tissue slides were in-
dependently dissected by hand using a sterilized needle
under the inverted microscope. Each tissue fragment was
placed into a 1.5 ml tube with 50 pl of alkaline lysis re-
agent (25 mM NaOH, 0.2 mM EDTA, pH 12.0). Next, the
tube was incubated in a thermo-shaker (Biosan, TS-100,
Latvia) at 300 rounds per min (rpm) for 15 min at 95°C, the
tube was then spun down for 10 s, and the procedure was
repeated at 300 rpm once, at 900 rpm twice. Subsequently,
the same amount of acidic neutralizing solution (0.04 mM
Tris—HCL, pH 5.0) was added into the tube, mixed thor-
oughly, and centrifuged (12,000 rpm) for 1 min. Finally,
30-50 pl of supernatant was transferred into a new 1.5 ml
tube and diluted 5 times with distilled water (DW), and
5 pl of the solution was used in the next procedure for
HPV genotyping, and the remaining solution was stored
in a freezer at —20°C.

2.3 | HPV genotyping using uniplex
E6/E7 PCR methods

The uniplex E6/E7 PCR test was designed to amplify
E6 and E7 genes of 39 common HPV types using type-
specific primer pairs. This assay was able to detect 13
high-risk types (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, and 68), 11 possible high-risk types (HPV26, 30,
34, 53, 66, 67, 69, 70, 73, 82, and 85), 15 low-risk types
(HPVe, 11, 40, 42, 44, 54, 55, 61, 62, 71, 74, 81, 84, 89,
and 90), and the beta-globin gene as a positive control
individually. The specific procedures have been de-
scribed in previous papers.”® Cases that were negative
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for the beta-globin gene (possibly due to poor quality
of the sample or insufficient amount of extracted DNA)
were excluded from further analysis.

2.4 | Statistical analysis

We used the Mann-Whitney U test to analyze continu-
ous variables (patient’s age), and the Chi-square test
with Yates’ correction was used to compare categori-
cal variables (prevalence of HPV or cytological result).
Fisher’s exact test was adopted when the total sample
size was less than 10. A cutoff value of p < 0.05 was
considered statistically significant. All the statisti-
cal analyses were performed with SPSS version 19.0
(IBM).

3 | RESULTS
3.1 | Overall cytological diagnosis and
HPYV prevalence in all subjects

A total of 72 patients were included with an average age
of 41.8 (23-62 years) years. The prevalence of ASCUS+,
LSIL+, and HSIL (or ASC-H) among them was 100.0%,
85.3%, and 25.0%, respectively (Table 1). Among them,
HR-HPV in cervical canal cells was detected in 71 pa-
tients, and one patient had a negative cytological HPV re-
sult. All the 72 patients had a colposcopy biopsy and were
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diagnosed with CIN1. The HPV test was performed in all
72 biopsy tissue specimens, and 55 (76.4%, 55/72) of them
were HPV positive, including 25 cases of HR-HPV types
and 2 cases of pHR-HPV types, whereas the other 28 were
LR-HPV types (Table 1). Following the cervical biopsy, 65
patients underwent LEEP in the Cervical Lesion Clinic
and 7 patients underwent cervical conization in the oper-
ating room (Figure 1).

There were 11 cases with HPV-positive result in biopsy
tissue but HPV-negative result in postoperative tissue
specimens (details in Table 4). This may have been caused
by the destruction of the lesions through the biopsy and
postoperative scorch hemostasis. We included these cases
in the HPV-positive group.

Finally, there were 10 (13.9%, 10/72) patients with
postoperative pathological escalation to CIN2, and 62
(86.1%, 62/72) patients were still CIN1. No escalation
to CIN3 or worse was found (Table 1). The average age
of the 10 pathological upgrade patients was 50.3 years,
higher than that of the patients without the pathologi-
cal upgrade group (40.4 years, p = 0.005). The prevalence
of HR-HPV, pHR-HPV, and LR-HPV in the unescalated
group was 30.6%, 3.2%, and 43.5%, respectively, and that
for the escalated group was 100.0%, 0, and 0, respectively
(Table 1). HR-HPV was more common in the escalated
group than in the unescalated group (p < 0.001), whereas
LR-HPV type was more often in the unescalated group
(p < 0.022). Of the 72 LEEP (or conization) issue spec-
imens, 14 were negative for HPV, and all of them were
CIN1 (Table 1).

TABLE 1 Overall cytological diagnosis and HPV prevalence in biopsy and LEEP (or conization) groups

Biopsy group LEEP (or conization) group
Diagnosis CIN1 CIN1 CIN2 p value®
Age 41.8 (23-62 years) 40.4 (23-61 years) 50.3 (34-62 years) 0.005
ASCUS+ 72 (100) 62 (100) 10 (100)
LSIL+ 60 (83.3) 52(83.9) 8 (80.0) 0.879
ASC-H or HSIL 18 (25.0) 12 (19.4) 6 (60.0) 0.018
HPV prevalence (%) 55(76.4) 37(59.7) 10 (100) 0.095
HR-HPV (%) 25 (34.7) 19 (30.6) 10 (100) <0.001
pHR-HPV (%) 2(2.8) 2(3.2) 0 0.645
LR-HPV (%) 28 (38.9) 27 (43.5) 0 0.022
Negative (%) 17 (23.6) 14 (22.6) 0 0.214
Total 72 62 10

Abbreviations: ASCUS, atypical squamous epithelial cells with unclear meaning; ASC-H, atypical squamous epithelial cells do not exclude high-grade
squamous intraepithelial lesions; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; HSIL, high-grade squamous intraepithelial lesions; HR,
high risk; LEEP, loop electrosurgical excision procedure; LR, low risk; LSIL, low-grade squamous intraepithelial lesions; pHR, possible high risk.

?p value means the difference between CIN1 and CIN2 patients in the LEEP (or conization) group; ASCUS+, worse than ASCUS; LSIL+, worse than ASCUS.
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Excluded, N=4334
Endpoint diagnosis were not
CIN1, N=4059

Lack of follow-up data, N=275

Excluded, N=961
Patients without further treatment,
only follow-up, N=957

Poor quality of FEPE samples, N=4

N=65, LEEP in Cervical Lesion

N=1033, endpoint
diagnosis were CIN1

FIGURE 1 Stratification of patients investigated for low-grade
cervical squamous intraepithelial patients

3.2 | The prediction value of HPV results
in the cervical biopsy tissue

Of the 71 HPV-positive patients with cervical canal cells,
56 patients were still HPV positive (78.9%, 56/71) in tissue
specimens after cervical biopsy or LEEP (or conization),
and 15 patients (21.1%, 15/71) were negative both in cervi-
cal biopsy and LEEP (or conization) tissue specimens.

Among the 72 cervical biopsy tissues, 55 (76.4%, 55/72)
cases were positive with HPV, 9 (16.4%, 9/55) of them
escalated to CIN2 after LEEP or cervical conization, and
46 (83.6%, 46/55) were still CIN1 (Table 2). There were
17 (23.6%, 17/72) cases with HPV-negative results in cer-
vical biopsy tissues, including one (5.9%, 1/17) case that
upgraded to CIN2 after LEEP or cervical conization, with
the remaining 16 (94.1%, 16/17) cases having unchanged
pathological diagnosis (Table 2). No pathological diagno-
sis of CIN3 or worse was found in either group. It seemed
that the risk of postoperative pathological escalation in
patients with HPV-positive results in cervical biopsy tissue
(16.4%, 9/55) was higher than that in patients with HPV-
negative results (5.9%, 1/17), however, the difference was
not statistically significant (p = 0.49). At the same time,
it can be concluded that the HPV test of cervical biopsy
diagnosed with CIN1 has a positive predictive value of
16.4% for the presence of CIN2 or higher lesions, a nega-
tive predictive value of 94.1%, a specificity of 25.8%, and a
sensitivity of 90.0%.

Of the 55 patients with HPV-positive results in cer-
vical biopsy tissue, 44 patients (80.0%, 44/55) were still
HPV positive in LEEP (or conization) tissue specimens,
however, 11 cases were HPV negative (20.0%, 11/55) after
LEEP (or conization) (Table 3). Of the 17 HPV-negative
patients with cervical biopsy, 14 (82.3%, 14/17) were still
negative in LEEP (or conization) tissue specimens, and
two patients (17.6%, 3/17) had positive HPV after LEEP
(or conization) (Table 3). The HPV test of cervical biopsy
tissues for the prediction of HPV infection in LEEP or cone
surgery tissues had a positive predictive value of 80.0%, a
negative predictive value of 82.3%, a specificity of 56.0%,
and a sensitivity of 93.6%.

TABLE 2 HPV result with cervical biopsy tissue in prediction
of LEEP (or conization) tissue pathological diagnosis

LEEP (or conization)

pathological diagnosis
CIN1 CIN2 Total  pvalue
HPV (+) with cervical 46 9 55 0.49
biopsy tissue
HPV (—) with cervical 16 1 17
biopsy tissue
Total 62 10 72

Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human
papillomavirus; LEEP, loop electrosurgical excision procedure.

3.3 | HPV genotype in LEEP (or
conization) pathological diagnosis
unchanged and upgrade groups

Among the 72 tissues, after cervical LEEP or conization,
there were 10 cases of CIN2, and high-risk HPV was de-
tected in all of them; 9 cases were single-type infections, of
which HPV16 was detected in 4 cases, HPV52 in 2 cases,
and HPV18/51/58 only in 1 case for each type (Table 4),
and there was one case of multiple-type infection with
HPV51 and 42 (case no. 68).

There were still 62 cases of CIN1 after surgery, of which
14 (22.6%, 14/62) cases were negative. Among 48 (77.4%,
48/62) cases that were positive for HPV, 6 were positive
with HPV58, 3 were positive with HPV16/51/52/68, and
2 were positive with HPV35/39/45/53. The least frequent
were HPV18, 31, 56, and 59, with only one case for each
type, and there were 27 cases of low-risk HPV infection
(Table 5).

4 | DISCUSSION
Previous studies on how to avoid overlooking the diagno-
sis of CIN2 or worse have mainly focused on the analysis
of related factors, such as patient age, pap smear test, and
colposcopy results. However, this study is the first to use
a highly sensitive uniplex PCR-based HPV genotyping
method in the biopsy tissue of the cervix to predict worse
lesions.

Cervical cancer is one of the few malignant tumors with
a clear etiology, and its high-risk factors mainly include
smoking, alcoholism, premature sex, and promiscuity.?’
However, persistent HPV infection is the most important
cause.'>*” Because of the recent advances in research and
therapy, people have realized that most HPV virus infec-
tions are self-limiting and transient infections. The virus
can be eliminated by the body within 1 or 2 years, and
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TABLE 3 HPV result with cervical biopsy tissue in the
prediction of HPV result with LEEP (or conization) tissue

HPV result with LEEP (or
conization) tissue
+) (-) Total
HPV (+) with cervical 44 11 55
biopsy tissue
HPV (-) with cervical 3 14 17
biopsy tissue
Total 47 25 72

Abbreviations: HPV, human papillomavirus; LEEP, loop electrosurgical
excision procedure.

the virus will not be cleared from the body only in a small
proportion of patients (about 4%), causing the infection to
persist and leading to extended disease duration or further
progression of cervical cancer.'*!® Previous studies have
shown that HPV infection is a necessary cause for high-
grade squamous intraepithelial lesions and even cervical
cancer.”*® Meanwhile, with the commercial application
of various HPV detection methods, HPV testing is consid-
ered to be equivalent or even superior to the cytological
test in some European and American countries and has
indeed become the preferred method of cervical cancer
screening.'>*

CIN has the characteristics of the multicentric dis-
tribution of lesions and coexistence of various degrees
of lesions, and about 49.0% of CIN2 and higher-grade
lesions had invasive growth, and the surface epithelium
had a completely normal appearance.’* Notably, even
experienced gynecologic oncologists cannot fully de-
tect all the lesions. According to previous reports, in the
cases diagnosed as CIN1 under colposcopy biopsy, the
missed diagnosis rate of CIN2 and higher-grade lesions
is 19%-55%.>' Van Delft et al. showed that among 109
CIN1 patients who underwent colposcopy, 47.71% were
combined with CIN2 or worse.** In addition, Kinney
et al. and Barut et al. reported that CIN3 is often missed
or misdiagnosed as CIN1 or CIN2 using cytology and
colposcopy in the initial screening procedure, because
of low sensitivity and specificity, or sometimes due to
poor technique, incorrect biopsy site, or the presence of
multiple lesions with different grades of CIN.*** Thus,
for patients with the endpoint diagnosis of CIN1, how
to avoid missing higher-grade lesions while avoiding
overtreatment has become a crucial challenge among
gynecologists. For the first time, we used the novel uni-
plex E6/E7 PCR method to determine the HPV preva-
lence and genotype using cervical biopsy FFPE tissues
and to predict the presence of higher-grade SILs and
determine the following treatment method. Compared
with the Cobas 4800 HPV test and Linear Array HPV
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genotyping test, which are approved by Food and Drug
Administration, the E6/E7 method has the following ad-
vantages: first, the other two methods target the L1 re-
gion, whereas this assay targeting the E6/E7 genes may
be more adequate for screening and prediction because
the E6 and E7 genes are always preserved in cancer and
precancerous tissues.*>® Second, we used type-specific
primers in the uniplex assay (one HPV type in one tube)
and confirmed that this method has a high sensitivity,
detecting as little as 100 viral copies without any cross-
reactivity, which indicates that it can minimize the oc-
currence of false negatives.?

In our study, 10 patients were finally diagnosed as
CIN2 after LEEP or cervical conization. This means that
higher-grade lesions were missing during cervical biopsy
under colposcopy in 13.89% of the patients, which was
lower than the result of other studies.*** The mean age of
the 10 pathological upgrade patients was 50.3 years, which
was higher than that of the patients without the upgrade
(p = 0.005). This is consistent with the conclusions from
previous studies, and it also shows that the progression of
CIN takes a long time."® Persistent HPV infection is inevi-
table in CIN2 or worse lesions, and with the development
of microdissection techniques for target lesions and the
wide application of high-sensitive HPV genotyping meth-
ods, it is now feasible to accurately detect HPV in tissue
specimens.

A previous study from our group showed that at least
one HR-HPV or pHR-HPV can be detected in CIN2 or
CIN3 FFPE tissues,”” which is consistent with the present
results (HPV-positive rate was 100% in CIN2 tissues). One
case (case no. 71) was finally diagnosed as CIN2, after a
negative result in the biopsy tissue and a positive result in
the postoperative (LEEP) tissue. Tracing back to this case
(case no. 71), we found that the patient’s condition was
complicated by severe cervical inflammation, therefore,
the false-negative result of the HPV test in the biopsy tis-
sue may be caused by overlooking the real lesion of the
cervix or owing to severe inflammation with necrosis,
leading to inadequate tissue in the specimen, insufficient
specimen collected, or poor DNA extraction and quality.

Among the 10 CIN2 cases, HPV16 was the most com-
mon type, followed by HPV51/52, and nine of them were
single-type infections. The exception was case no. 68,
which was positive for both HPV42 and HPV51 (Table 4).
After reviewing the HE-stained section of this case, we
found that CIN2 and CIN1 coexist, however, we could
not determine the specific responsible HPV type for each
lesion.

There are 27 cases with only LR-HPV infection in
cervical biopsy tissue, which accounts for 43.5% of the
62 CIN1 patients. Interestingly, all of them were diag-
nosed with CIN1 even after LEEP or conization. This
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conization) tissue

diagnosis

biopsy tissue

diagnosis

canal cells

diagnosis

Age

Case no.

53

53

CIN1
CIN1

53

CIN1
CIN1

53,42
52,42

HSIL

60
61

70
72

LR-HPV (42)

LR-HPV (42)

LR-HPV (42)

ASC-H

Abbreviations: ASCUS, atypical squamous epithelial cells with unclear meaning; ASC-H, atypical squamous epithelial cells do not exclude high-grade squamous intraepithelial lesions; CIN, cervical intraepithelial

neoplasia; HPV, human papillomavirus; HSIL, high-grade squamous intraepithelial lesions; LEEP, loop electrosurgical excision procedure; LR, low risk; LSIL, low-grade squamous intraepithelial lesions.

“Ultimate HPV type in tissue means combining the HPV type in biopsy and LEEP (or conization).
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means that if the value of the case with only LR-HPV in-
fection is used as the cutoff value, the sensitivity of pre-
diction for CIN2+ is 100%, and the negative predictive
value of coexistence with CIN2 is also 100%. However,
changing the cutoff value to any HPV-type infection re-
sults in a negative predictive value of 94.1% and a sen-
sitivity of 90.0% as one CIN2 case (case no. 71) tested
negative in the HPV test as mentioned above. Therefore,
the evidence for this is still insufficient, and the limita-
tion of the present research is the small size of the sam-
ples. A total of 72 cases were eligible, and only 10 cases
were pathological upgrade after LEEP or conization.
Multicenter with large sample size study is needed for
further research.

For case no. 13, we found HPV16, HPV52 in biopsy tis-
sue, while only HPV16 was found in cervical canal cells.
This may be due to the uniplex E6/E7 PCR HPV detection
method has higher sensitivity, and the HPV52 virus load
in cervical canal cells is too low to be detected. For the
other three cases, case nos. 24, 38, and 41, we think the
HPV genotypes detected in cervical canal cells may not be
the types that eventually lead to lesions, they may only be
temporary infection, and the responsible HPV that really
causes lesions in cervical canal cells may not be detected.
This difference may be caused by different sensitivities be-
tween the two HPV detection methods, which is also one
of the limitations of this study.

In conclusion, the strength of this study is that we
detected responsible HPV genotype in the low-grade SIL
lesions by the methods of manual microdissection with
FFPE tissue specimens and the E6/E7 uniplex PCR. In the
present study, we believe that patients with cervical biopsy
tissue diagnosed with CIN1 and with a negative or only
low-risk HPV type result can be considered for follow-up
without further treatment such as LEEP or conization.
Conversely, in cases of cervical biopsy tissue diagnosed
with CIN1 positive for high-risk HPV (especially HPV16,
18, 51, 52, and 58), surgery (LEEP or conization), or a
close follow-up program can be selected, though this war-
rants further investigation in multicenter trials with large
samples.

ACKNOWLEDGMENTS
None.

CONFLICT OF INTEREST
There is no conflict of interest in the paper.

AUTHORS CONTRIBUTIONS

Conceptualization, H. Wang and S. Zhang; Methodology,
H. Wang; Statistical analysis, X. Han; Pathological analy-
sis, Z. He; Data curation, D. Zhang; Writing—original
draft preparation, H. Wang; Writing—review and editing,



2586 .
—I—Wl LEY_Cancer Medicine _

‘WANG ET AL.

S. Zhang; Visualization, S. Zhang; Supervision, S. Zhang;
Project administration, S. Zhang. All authors have read
and agreed to the published version of the manuscript.

ETHICAL STATEMENT
Consent was obtained from all subjects, and the protocol
was approved by the Ethics Committee of China Medical
University Shengjing Hospital.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data
were created or analyzed in this study.

ORCID
Shitai Zhang ©© https://orcid.org/0000-0003-2170-4958

REFERENCES

1. Karabulut A, Alan T, Ali Ekiz M, Iritas A, Kesen Z, Yahsi S.
Evaluation of cervical screening results in a population at nor-
mal risk. Int J Gynecol Obstet. 2010;110:40-42.

2. Snijders PJF, Steenbergen RDM, Heideman DAM, Meijer
CJLM. HPV-mediated cervical carcinogenesis: concepts and
clinical implications. J Pathol. 2006;208(2):152-164.

3. Thomison J, Thomas LK, Shroyer KR. Human papillomavi-
rus: molecular and cytologic/histologic aspects related to cer-
vical intraepithelial neoplasia and carcinoma. Hum Pathol.
2008;39(2):154-166.

4. Solomon D. The 2001 Bethesda system: terminology for report-
ing results of cervical cytology. JAMA. 2002;287(16):2114-2119.

5. So KA, Hong JH, Hwang JH, et al. The utility of the human
papillomavirus DNA load for the diagnosis and prediction of
persistent vaginal intraepithelial neoplasia. J Gynecol Oncol.
2009;20(4):232-237.

6. zur Hausen H. Papillomaviruses in the causation of human
cancers—a brief historical account. Virology. 2009;384(2):260-
265. d0i:10.1016/].virol.2008.11.046

7. Bosch FX, Lorincz A, Mufioz N, Meijer CJLM, Shah KV. The
causal relation between human papillomavirus and cervical
cancer. J Clin Pathol. 2002;55:244-265.

8. Wardak S. Human papillomavirus (HPV) and cervical cancer.
Med Dosw Mikrobiol. 2016;68:73-84.

9. Segondy M. Classification of papillomaviruses (HPV). Rev
Francoph Des Lab. 2008;38(405):23-25.

10. Van Doorslaer K, Li Z, Xirasagar S, et al. The papillomavirus
episteme: a major update to the papillomavirus sequence data-
base. Nucleic Acids Res. 2017;45(D1):D499-D506.

11. Arbyn M, Tommasino M, Depuydt C, Dillner J. Are 20 human
papillomavirus types causing cervical cancer? J Pathol.
2014;234(4):431-435.

12. Halec G, Alemany L, Lloveras B, et al. Pathogenic role of
the eight probably/possibly carcinogenic HPV types 26,
53, 66, 67, 68, 70, 73 and 82 in cervical cancer. J Pathol.
2014;234(4):441-451.

13. Ostor A. Natural history of cervical intraepithelial neoplasia: a
critical review. Int J Gynecol Pathol. 1993;12:186-192.

14. Sakamoto J, Kamiura S, Okayama K, et al. Single type in-
fection of human papillomavirus as a cause for high-grade

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

cervical intraepithelial neoplasia and invasive cancer in
Japan. Papillomavirus Res. 2018;6(June):46-51. doi:10.1016/j.
pvr.2018.10.001

Moscicki AB, Shiboski S, Hills NK, et al. Regression of low-
grade squamous intra-epithelial lesions in young women.
Lancet. 2004;364(9446):1678-1683.

Darragh TM, Colgan TJ, Thomas Cox J, et al. The lower ano-
genital squamous terminology standardization project for
HPV-associated lesions: background and consensus recom-
mendations from the college of American pathologists and the
American society for colposcopy and cervical pathology. Int J
Gynecol Pathol. 2013;32:76-115.

de Sanjose S, Quint WGV, Alemany L, et al. Human papillo-
mavirus genotype attribution in invasive cervical cancer: a
retrospective cross-sectional worldwide study. Lancet Oncol.
2010;11(11):1048-1056.

Schiffman M, Castle PE, Jeronimo J, Rodriguez AC, Wacholder
S. Human papillomavirus and cervical cancer. Lancet.
2007;370:890-907.

Zhang S, Saito M, Yamada S, et al. The prevalence of VAIN,
CIN, and related HPV genotypes in Japanese women with ab-
normal cytology. J Med Virol. 2020;92:364-371.

Snow AN, Stence AA, Pruessner JA, Bossler AD, Ma D. A sim-
ple and cost-effective method of DNA extraction from small
formalin-fixed paraffin-embedded tissue for molecular onco-
logic testing. BMC Clin Pathol. 2014;14(1):1-10.

Nasiell K, Roger V, Nasiell M. Behavior of mild cervical dysplasia
during long-term follow-up. Obstet Gynecol. 1986;67:665-669.
Holowaty P, Miller AB, Rohan T, To T. Natural history of dys-
plasia of the uterine cervix. J Natl Cancer Inst. 1999;91:252-258.
Prendiville W, Sankaranarayanan R. Colposcopy and Treatment
of Cervical Precancer. IARC Technical Publications; 2017.
Ueda M, Ueki K, Kanemura M, et al. Diagnostic and thera-
peutic laser conization for cervical intraepithelial neoplasia.
Gynecol Oncol. 2006;101:143-146.

Kawaguchi R, Matsumoto K, Akira S, et al. Guidelines for
office gynecology in Japan: Japan Society of Obstetrics and
Gynecology (JSOG) and Japan Association of Obstetricians
and Gynecologists (JAOG) 2017 edition. J Obstet Gynaecol Res.
2019;45:766-786.

Okodo M, Okayama K, Teruya K, Sasagawa T. Uniplex E6/E7
PCR method detecting E6 or E7 genes in 39 human papilloma-
virus types. J Med Virol. 2018;90(5):981-988.

Lamos C, Mihaljevic C, Aulmann S, et al. Detection of human
papillomavirus infection in patients with vaginal intraepithelial
neoplasia. PLoS One. 2016;11(12):1-11.

Walboomers JMM, Jacobs MV, Manos MM, et al. Human pap-
illomavirus is a necessary cause of invasive cervical cancer
worldwide. J Pathol. 1999;189:12-19.

Chrysostomou AC, Stylianou DC, Constantinidou A, Kostrikis
LG. Cervical cancer screening programs in Europe: the transi-
tion towards HPV vaccination and population-based HPV test-
ing. Viruses. 2018;10(12):729. https://doi.org/10.3390/v10120729
Martin CM, O'Leary JJ. Histology of cervical intraepithelial
neoplasia and the role of biomarkers. Best Pract Res Clin Obstet
Gynaecol. 2011;25:605-615.

Tainio K, Athanasiou A, Tikkinen KAO, et al. Clinical course
of untreated cervical intraepithelial neoplasia grade 2 under
active surveillance: systematic review and meta-analysis. BMJ.
2018;360:k499. https://doi.org/10.1136/bmj.k499


https://orcid.org/0000-0003-2170-4958
https://orcid.org/0000-0003-2170-4958
https://doi.org/10.1016/j.virol.2008.11.046
https://doi.org/10.1016/j.pvr.2018.10.001
https://doi.org/10.1016/j.pvr.2018.10.001
https://doi.org/10.3390/v10120729
https://doi.org/10.1136/bmj.k499

‘WANG ET AL.

.. 2587
Cancer Medicine -WI LEYJ—

32.

33.

34.

35.

36.

van Delft KWM, Mertens HIMM. Treatment strategies in in-
termediate cervical neoplasia: implications of radical surgery.
Oncol Lett. 2011;2:575-578.

Kinney WK, Manos MM, Hurley LB, Ransley JE. Where's
the high-grade cervical neoplasia? The importance of min-
imally abnormal Papanicolaou diagnoses. Obstet Gynecol.
1998;91:973-976.

Barut MU, Kale A, Kuyumcuoglu U, et al. Analysis of sensi-
tivity, specificity, and positive and negative predictive values of
smear and colposcopy in diagnosis of premalignant and malig-
nant cervical lesions. Med Sci Monit. 2015;21:3860-3867.
Roberts CC, Tadesse AS, Sands J, et al. Detection of HPV in
Norwegian cervical biopsy specimens with type-specific PCR
and reverse line blot assays. J Clin Virol. 2006;36:277-282.
Cuzick J, Cuschieri K, Denton K, et al. Performance of the
Xpert HPV assay in women attending for cervical screening.
Papillomavirus Res. 2015;1:32-37.

Open Access,

37. Zhang S, Saito M, Okayama K, et al. Hpv genotyping by molec-
ular mapping of tissue samples in vaginal squamous intraepi-
thelial neoplasia (VaIN) and vaginal squamous cell carcinoma
(VaSCC). Cancers (Basel). 2021;13(13).

How to cite this article: Wang H, He Z, Han X,
Zhang D, Zhang S. Prediction value with a novel
and accurate tissue-based human papillomavirus
detection method in low-grade squamous
intraepithelial lesions. Cancer Med. 2022;11:2576-
2587. doi: 10.1002/cam4.4634



https://doi.org/10.1002/cam4.4634

	Prediction value with a novel and accurate tissue-­based human papillomavirus detection method in low-­grade squamous intraepithelial lesions
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Selection of subjects and specimens
	2.2|Sandwich cutting for FFPE tissue specimens and DNA extraction
	2.3|HPV genotyping using uniplex E6/E7 PCR methods
	2.4|Statistical analysis

	3|RESULTS
	3.1|Overall cytological diagnosis and HPV prevalence in all subjects
	3.2|The prediction value of HPV results in the cervical biopsy tissue
	3.3|HPV genotype in LEEP (or conization) pathological diagnosis unchanged and upgrade groups

	4|DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHORS CONTRIBUTIONS
	ETHICAL STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


