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Pap Smear Combined with HPV Testing: A Reasonable Tool
for Women with High-grade Cervical Intraepithelial Neoplasia
Treated by LEEP
Ling-Zhao Mo&, Hong-Lin Song&, Jian-Li Wang, Qing He, Zhang-Can Qiu, Fei Li*
Abstract
Background: To evaluate HPV testing by Hybrid Capture II (HCII) in conjunction with cytology in detecting
the residual/recurrence disease after treatment of high-grade cervical intraepithelial neoplasia (CIN II-III) with
loop electrosurgical excision procedure (LEEP). Materials and Methods: A retrospective review of 158 patients
with histologically confirmed CIN II-III who underwent LEEP between January 2011 and October 2012 was
conducted. Post-treatment control was scheduled at the 3rd, 6th, 12th and 18th month. All patients were followed
up by Pap smear and HR-HPV genotype and viral load testing. Results: Pre-treatment, HR-HPV DNA, was
detected in all specimens of the patients. At follow-up, 25 patients were diagnosed as the residual/recurrent disease
during the FU visit, among whom, 16 patients with positive margin: 13 patients (52%) with HR-HPV DNA+/
cytology+, 2 patients (8%) with HR-HPV DNA+/cytology-, 1 patient (4%) with cytology+/ HR-HPV DNA-; 9
patients with clean margin – 5 patients (55.6%) with HR-HPV DNA+/cytology+; 2 patients (22.2%) with HRHPV DNA+/cytology-, 2 patients (22.2%) with cytology+/ HR-HPV DNA-. None of them persisting HR-HPV
DNA-/cytology- with positive or negative margin was identified as the residual/recurrent disease. The majority
of residual/recurrent disease was detected at the 12th and 18th month FU, and there was almost no difference
in the sensitivity and negative predictive value (NPV) between at the 3rd month and the 6th month FU visits. 14
residual/recurrence disease (14/46:30.4%) had pre-treatment high viral load (>5 000 RUL/PC) and 11 (11/112,
9.8%) with pre-treatment low viral load, P<0.05. Conclusions: (1) The persistence HR-HPV DNA is the root
cause of the residual/recurrent disease for the women treated for high-grade CIN; the pre-treatment viral load
and margin can be seen as the predictor. (2) The FU visit beginning at the 6th month post-treatment and lasting
at least 24 months with the combination of cytology and HPV testing. (3) Patients with high pre-treatment HPV
load, which is considered as one risk of developing the residual/recurrent disease, should be paid more attention
(especially above 500RUL/PC) to by clinicians.
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Introduction
The high-grade cervical intraepithelial neoplasia
(CIN II-III) is considered as high risk for cervical
invasive carcinoma if it is left untreated (Pinto et al,
2000). Based on efficacy evaluation (Prendiville et al.,
1989; Paraskevaidis et al., 2001), the loop electrosurgical
excision procedure (LEEP) has become a popular choice
for the treatment of high-grade cervical intraepithelial
neoplasia (CINII-III) at present. One of the benefits of
LEEP is that it provides the pathologist with an intact
specimen to study an intraepithelial or superficially
invasive lesion in its entirety. However, even though this
method has gained a great success on cervical conization
for CIN II-III treatment, the recurrence rate still ranges
from 2%~38% (Gardiel, et al., 1997; Murdoch et al., 1992;

Hanau et al., 1997) in patients with clean margins.
Follow-up (FU) with cytology and colposcopic
evaluation of the cervix, the preferred strategy for PostLeep CIN II-III control at present, which is traditionally
performed with repeated colposcopic examination and
cervical cytology, but it ought to be kept in mind that the
Pap smear test might be negative even in the presence
of biopsy-confirmed CIN II-III (Flannelly et al., 2001;
Tangtrakul et al., 2002).
Human papillomavirus (HPV), the most common
causation of sexual transmitted infections (STDs) in the
United States (Hoskins et al., 1992), had been considered
as an etiologic agent for cervical cancer since 1977
(Meisels et al., 1977) and been currently unequivocally
linked with the development of precancerous lesions of the
cervix, especially, high-risk HPV (HR-HPV) are closely
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associated with the presence of high-grade squamous
intraepithelial lesions (HISIL) or CIN II-III (Baron et al.,
1970; Dalstein et al., 2004). An increasing interest has
been focused on HPV detection techniques proposed in
the treatment and follow-up of patients with CIN II-III.
Indeed, residual or recurrent disease only occurs in women
with persistent HPV infection after treatment (Nagai et al.,
2000; Nobbenhuis et al., 2001). Thus growing evidences
have indicated that HPV testing is useful as an adjunct
to cervical cytology in detecting women with increasing
risk of persistence or recurrence of CIN II-III following
cervical conization (Zielinski et al., 2003; Houffin et al.,
2003; Bar-Am et al., 2003; Costa et al., 2003).
The aim of this retrospective study is to evaluate HPV
testing by Hybrid Capture II (HCII) in conjunction with
cytology in detecting the residual/recurrent disease after
treatment of high-grade cervical intraepithelial neoplasia
(CIN II-III) with Loop electrosurgical excision procedure
(LEEP).

Materials and Methods
General data
A retrospective analysis was performed on 158 patients
with histologically conformed CINII and CIN III who
were treated by LEEP in the Department of Gynecological
Oncology of Tumor Hospital Affiliated to Guangxi
Medical University from January 2011 to October 2012.
The inclusion criteria was CIN II or III confirmed in the
cervical conization specimens, and all patients fulfilled
at least three follow-up visits at the 3rd, 6th and 12th
month after treatment. The exclusion criteria consisted
of pregnancy, clinical signs of immunosuppression, and
the positive HIV test. The patients were excluded without
all the follow-up visits, leaving 158 patients enrolled in
this study.
Follow-up routine
At the pretreatment visit, all women were submitted
to an interview concerning the clinical, social, and
demographic data. After the interview, a complete
gynecological examination was performed, with collection
of endocervical specimens for cervical cytology and HCII,
followed by colposcopic examination of the cervix.
Follow-up (FU) visit consisted of examining the
patients at the 3rd, 6th, 12th and 18th month after cervical
conization and thereafter kept under annual surveillance
after this period, until the last two HPV testing/Pap
smears were normal. This routine included the patient’s
interview and the complete gynecological examination,
with collection of HCII and Pap smear test samples.
Colposcopy examination was performed with either
persistent positive HPV DNA or abnormal Pap smears
(≥atypical squamous cells undetermined significance,
ASCUS). Patients presenting with HISIL smear or
abnormal pattern on colposcopy underwent a new excision
procedure, biopsy, LEEP or hysterectomy.
Pap smear and HPV testing
In every FU visit, women underwent a pelvic
examination, and 2 samples of exfoliated cells were
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obtained from the cervix: the first sample was collected
with a Cytobrush® Plus (Medscand medical, Malmö,
Sweden) for conventional cytology and the second was
collected with the Digene Cervical Sampler® (Digene,
Gaithersburg, MD) for HPV testing, place in vial
containing 1 mL Digene specimen Transport Medium®
and stored at -20℃ until proceed.
Final cytological diagnoses were classified according
to the Bethesda system as normal or inflammatory,
ASCUS, low-grade squamous intraepithelial lesion
(LGSIL), or high-grade squamous intraepithelial lesion
(HGSIL).
HCII HR- HPV testing was performed with the Hybrid
Capture II (HCII) system (Digene) according to the
manufacture’s instruction, using the specific HPV RNA
probe B for carcinogenic high-risk HPV test (HR-HPV)
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68. The
presence or absence of HPV DNA in the specimen was
defined according to the strength in relative light units
(RLU) compared with 1 pg/mL HPV16 DNA-positive
control (PC). The sample was considered positive
when the ratio of RLU/PC was ≥1. Values provide an
approximate determination of the global HR-HPV DNA
load.
Loop electrosurgical procedure and histology
The goal of LEEP was to remove the lesion and
the transformation zone as a one-piece cone specimen
in its entirety. All cervical conization procedure was
performed under the condition that the cervix was exposed
by an adapted speculum allowing smoke to evacuate.
Secondary to local anesthesia in each quadrant, the
abnormal epithelium was delineated with Ligol’s iodine,
The whole surgical procedure was carried out with the
wire loop selected according to the size of the area to be
excised. The base of the wound was cauterized with a ball
electrode. The 12 o’clock position in the excised specimen
was marked by suture. The removed tissue was fixed
with 10% phosphate-buffered formalin and submitted
to histopathologic examination after then. Dysplasia
lesions were analyzed according to the WHO’s criteria’s
(Valasoulis et al., 2014) and classified as negative, CIN
I, CIN II, CIN III severe dysplasia or carcinoma in situ,
or microinvasive carcinoma.
Statistical data analysis
The sensitivity, specificity, positive and negative
predictive values (PPV and NPV) were calculated for
evaluating the efficacy of the post-LEEP detection tools as
HCII, Pap smear, and the combination of both tests for the
diagnosis of residual/recurrent disease. Fisher’s exact test
calculates for the independence and the trend to identify
the potential risk factors of residual/recurrent disease as
HR-HPV load, the cone margin, cytology and age.

Results
Characteristics of epidemiology
The median age of the total patients with histologically
confirmed CIN II-III at the time of the treatment, is 35.12
years old (range 19~57). Table 1 showed the significant
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Table 1. Baseline Data Between No Residual/Recurrence Lesion and Residual/Recurrence Lesion [n(%)]
Characteristics
n
		

No residual /recurrence
lesion [n(%)]

Age
35.12 (19~57)
Cytology before conisation		
Normal
1
Asu-H
1
ASCUS
18
LSIL
31
HISIL
107
Histology of conisation		
CINⅠ
0
CINⅡ
45
CINⅢ
69
Cacinoma in situ
44
Cone margins		
Negative
117
Positive
41
HPV DNA before conisation		
Negative
0
1-100
52
100-500
60
500-1000
21
>1000
25
HPV DNA after conization		
Negative
136
1-100
14
100-500
7
>500
1
a

Residual /recurrence
lesion [n(%)]

P

35.26 (19~57)
34.68 (22~53)
		
1
0
1
0
17 (94.6)
1 (5.6)
27 (87.1)
4 (12.9)
87 (81.3)
20 (18.7)
0
37 (82.2)
64 (92.8)
32 (72.7)

8 (17.8)
5 (7.2)
12 (27.3)

108 (92.3)
25 (61)

9 (7.7)
16 (39)

<0.001a

0
48 (92.4)
53 (88.3)
16 (76.2)
16 (64)

0
4(7.6)
7 (11.7)
5 (33.8)
9 (46)

<0.05a

133 (97.8)
0
0
0

3 (2.2)
14 (100)
7 (100)
1(100)

Fisher’s exact test

Table 2. Correlation of HPV Testing with Residual
Disease in Women with Cone Margin

The accumulation % of
residual/recurrent disease

The result of Follow-up
120%

All patient
(n=158)

100%
80%
60%
40%
20%
0%
3 months

6 months

12 months

18 months

the time of FU visit

Figure 1. [please supply]
association between the pre-treatment high viral load
and the positive cone margin with the residual/recurrent
disease. During the follow up, 25 women (15.8% of the
total) showed residual or recurrent disease. The median
age of these women was 34.68 years old (range 22~53),
however, the median age of the non-recurrent case was
35.26 years old (range from 19~57), P=NS. HR-HPV
DNA was positive in all cases in the pre-treatment assay:
among 112 women (70.9%) with viral load inferior to 500
RLU/PC, 11 (9.8%) showed consistent HR-HPV infection
and developed into the residual/recurrent diseases during
at least 6 months after treatment; while 46 women (29.1%)
with viral load superior to 500 RLU/PC, 14 (30.4%)
showed consistent HR-HPV infection and developed into
the residual/recurrent diseases during a least 6 months after
treatment, (P<0.05). The geometric mean pre-treatment
HR-HPV load in RLU in the group of residual/recurrent
case was (994.1±1117.5) and (365±539.3) (p=0.014) in
the group of non-recurrent. The total surgical positive/
negative margin cases were 41 (25.9%) / 117 (74.1%),

Pretreatment

ProResidual
treatment desease

P

Positive cone margin (n=41)				
HPV+/cytology + 41
13
13
HPV+/cytology 0
2
2
HPV-/cytology+
0
1
1
HPV-/cytology0
25
0
< 0.0001a
Negative cone margin (n=117)				
HPV+/cytology + 117
5
5
HPV+/cytology0
2
2
HPV-/cytology+
0
2
2
HPV-/negative0
108
0
< 0.0001a
a

Fisher’s exact test

respectively. 9 women (9/25, 36%) with negative margin
were identified as the residual/recurrent diseases at the end
of FU, while in the group with positive margin, 16 (16/25,
64%) showed the same case, (P<0.001).
Follow-up post-treatment
Figure 1 showed the results of all women in FU
according to the cytology/HPV status at the time indicated.
At the 3rd and 6th month of FU visits, only 2 women (2/25,
8%) with cytology/HR-HPV positive were confirmed as
CIN II by histology. The other 23 women (23/25, 92%)
with HR-HPV positive and/or abnormal Pap smear
were identified as the residual/recurrent disease after the
6th month FU visit. Compared with the sensitivity, the
specificity, NPV and PPV, at the beginning of the two FU
visits, there was not essential distinction between these
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Table 3. Persistence of HPV DNA in Postconization with CIN 2-3 of the Cervix
HPV DNA
Pre-treatment
Positive
Negative
Total
a

No. Of patient (%)

Cytology (pro-treatment)

Pro-treatment		
Abnormal
positive
22 (14%)
18
Negative
136 (84%)
3
158			

Normal
4
133

P
<0.0001a

Fisher’s exact test

two FU visits. On the other hand, with the FU visit going
on, the results of HCII were gradually getting better than
those of cytology, even better than those of the combining
two assays.
Identification of predictors of residual/recurrent disease
Table 2 showed the correlation between HPV testing
/cytology and residual/recurrent disease in cone margin
of the patients. HR-HPV DNA was detected in all the 158
study objects before cervical conization. After treatment,
in the group of the positive margin, the persistence of
HR-HPV DNA +/cytology+ occured in 13 cases (13/41,
31.7%), HR-HPV DNA+ /cytology- in 2 case (2/41, 4.9%)
and one case (1/41, 2.4%) for cytology+/HR-HPV DDA-,
which were identified as the residual/recurrent disease
during FU visit; among 25 cases (25/41, 61%) with HRHPV DNA-/cytology-, none of them was diagnosed as the
residual/relapse disease during FU visit (P<0.0001). In the
group of negative margin, The HPV test was persistently
positive in 4 cases (4/117, 3.4%) with cytology positive
and in 2 cases (2/117, 1.7%) with cytology negative; 2
cases (2/117, 1.7%) with cytology positive and HR-HPV
DNA negative, which also were diagnosed as the residual/
recurrent disease during FU visit, however, none of the 108
(108/117, 92.3%) with cytology negative and HR-HPV
DNA negative was identified as the residual/recurrent
disease during FU (P<0.0001).
Among 22 women with the persistence positive
HR-HPV DNA after treatment, 18 (18/22, 81.8%) with
cytology positive turned abnormal of the cervix again and
4 (4/22, 18.2%) with normal cytology during FU visit,
who were confirmed abnormal histology. 3 women (3/136,
2.2%) with HR-HPV DNA negative were found abnormal
of the cervix after treatment, who were diagnosed as the
residual/recurrent disease during FU visit, while none of
133 women (133/136, 97.8%) persisting HR-HPV DNA-/
cytology- after treatment showed the residual/recurrent
disease during the FU, (P<0.0001) (Table 3).

Discussion
The majority of epidemiological studies have
confirmed a very appreciable increase in the incidence
and prevalence of CIN all over the world. However, the
median age of women diagnosed CIN shows a decreasing
trend, indicating that the HR-HPV is infecting women in
the early days. The previous studies have revealed the
result coincident with the augmentation of cervical cancer
among the young women before 40 years old in certain
countries (Quinn et al., 1999. Li et al., 2004; Zhang et al.,
2014; Wang et al., 2014; Shen et al., 2014; Du et al., 2014).
The median age of the total patients with histologically
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confirmed CIN II-III at the time of the treatment is 35.12
years old (range 19- 57), 44 women among them were
diagnosed as cervical carcinoma in situ with 36.12 years
old as the median age; moreover, there was no significant
statistic difference at the median age between women with
residual/recurrent case (34.68 years old) and non recurrent
cases (35.26 years old). The study result has indicated that
cognition, earlier diagnosis and treatment in clinical stage
are the key points for the control of the CIN which will
probably develop into the cervical cancer.
In the present study, HCII in conjunction with cytology
is used for monitoring the objects after being treated for
CIN II-III, the reasons for which include: (1) pap smear
test has the inherent flaws, particularly its relatively
high false negative rate (Nobbenhuis et al., 2001); (2)
the goal of FU is not to miss active disease, therefore
the sensitivity and negative predictive value (NPV) are
valued higher than the specificity and false positive test.
HPV testing has high sensitivity and negative predictive
value (NPV) for detecting residual/recurrent diseases
as a good index of disease clearance showing in several
studies (Zielinski et al., 2003; Costa et al., 2003; Sarian
et al., 2004). The result in the present study demonstrated
that: the results of cytology were better than those of
HCII based on comparison of sensitivity and specificity,
PPV and NPV at the beginning of the two groups of FU
visits; the results of combining the two assays reached
to 100%. Nevertheless, in the two final FU visits, the
more residual/recurrent diseases were diagnosed, the
more HPV testing showed its superiority. The result of
HCII was better than that of cytology, particularly for
the sensitivity (90%) and NNP (99%), even better than
those (sensitivity 62% and NPV 96%) of combining the
two assays. We analyze: (1) at the beginning of two FU
visits, one patient was diagnosed as the residual/ recurrent
disease in each time, however, the rate of HR-HPV DNA
clearance was only 87% in the second FU visit; (2) in
the two final FU visits, the 23 (23/25, 92%) patients
identified as the residual/recurrence disease corresponded
to the result of Milojkovic and Bonder (Milojkovic et
al., 2002; Bonder et al., 2002) which showed the most
residual/recurrent diseases occurring within a 30-month
period after treatment. Among them, 4 cases showing the
persistence of HR-HPV DNA+/ cytology during the FU
were histologically confirmed as the adenocarcinoma in
situ or the epithelioid carcinoma in situ at the end of FU,
and this observation, as reported by Zielinski et al. (2003),
demonstrating the power of HPV testing for monitoring
women after treated for CIN II-III; on the other hand, of
3 cases showing cytology+/ HR-HPV DNA- diagnosed as
the residual/recurrent disease at the end of FU visit, one
was CIN I and the other two were carcinoma in situ and

micro-invasive, respectively. Other studies have reported
similar experiences, in which false-negative results of HRHPV have not been rare (Cuzick et al., 1999; Rietmuller et
al., 1999; Zielinski et al., 2003; Kulmala et al., 2004). This
phenomenon provokes that if HPV DNA detection is used
only as the screening method, the false-negative results of
HR-HPV would truly be a clinical problem. In this case,
the combination of the two assays is the best method for
monitoring patients having been treated for CIN II-III,
though its sensitivity and NPV can’t reach to 100%.
Residual /or relapse is the major concern in
conservative treatment of high grade CIN. In the
present study, the overall 25 patients (25/158, 15.8%)
histologically being confirmed as the residual/recurrent
disease, of which, 9 (9/25, 36%) cases were verified the
negative margin, and such result was similar to the data
reported by other authors who had pointed out that the
recurrence rate ranges from 2% to 38% in patients with
clean margins (Jakus et al., 2001; Kang et al., 2001; Costa
et al., 2003). Accordingly, the reasons for the residual/
recurrence after LEEP might be (i) multifocal disease;
(ii) inadequate examination of surgical specimens or (iii)
HR-HPV DNA persistence (Nagai et al., 2000; Costa et
al., 2003; Sarian et al., 2004). In reality, all those reasons
involving the correlation among the persistence HR-HPV
DAN are the positive margin and the result of cytology.
What our results support the failure of the original primary
treatment is generally the incomplete removal of CIN
lesions (Nagai et al., 2000), which was conducted finally,
as shown in Table 2, the residual/recurrent disease because
of the persistence of the lesion and HR-HPV DNA. As for
women with negative margin, it is acceptable to say that
the reason resulting in the residual/recurrent disease in the
present study is the multifocal disease and the persistence
HR-HPV DNA. The data collected also indicates that
none of the women is identified the residual/recurrent
disease if HR-HPV DNA/cytology persists negative after
treatment, and is not related to the margin. It is concluded
that the margin should depend on the persistence HPV
and cytology once it becomes one of the predictors of the
residual/recurrent disease.
Most of the large-scale clinicoepidemiologic studies
have established that HR-HPV is closely associated with
the pathogenesis of cervical dyplasias and carcinomas
(Munoz et al., 1992; Bosch et al., 1995). Some researchers
reported HPV infection in the epithelium adjacent to
cervical neoplastic lesions and in exfoliated cells from the
cytologically normal cervix, indicating that widespread
infection with virus occurring in association with normal
genital mucosa (Macnab et al., 1986; Colgan et al., 1989).
In the current study, after treatment, the majority of women
always showed the persistence HR-HPV DNA earlier than
the abnormal cytology, all of which were finally confirmed
as the CIN (Figure 1 and Table 3). All cases indicated that
using HPV testing in early FU visit was the key to finding
out the residual/recurrence disease. In this study, as far as
at the 6th month FU, the residual/recurrent disease was
found only in 8% of the research objects, while 92% were
identified at the two final FU visits, i.e. at the 12th month
and 18th month FU visit. Moreover, there was almost no
difference in the sensitivity and NNP between at the 3rd
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month and at the 6th month FU visit (Figure 1). For this
reason, the present research supports the ideas put forward
by Zielinski and Amiram (Zielinski et al., 2003; Amiram
et al., 2003): the FU visit beginning at the 6th month
after treatment and lasting at least 24 months with the
combination of cytology and HPV testing is reasonable.
The advantage of HCII is that it can either detect HRHPV or measure the viral load (Pretet et al., 2004). It is
found that there was a linear relationship between the
women with pre-treatment viral load above 500 RLU and
the risk of the residual/recurrent disease, compared with
those of inferior to 500 RLU as reported by Song (Song
et al., 2005). Unfortunately, investigators highlighted
a potential role of HPV in predicting the size and the
severity of cervical lesions, as well as the presence of
occult lesions which were not accessible by clinical
examination. In this case, as suggested by Alonso et al.
(2006), again emphasis is laid on that the clinician should
pay attention to women with pre-treatment HR-HPV load.
In contrast, no relationship was observed between women
with pro-treatment viral load and the risk of the residual/
recurrent disease.
Based on the results of this study, it could come to
conclusion that: (i) the persistence HR-HPV DNA is the
root cause of the residual/recurrent disease for the women
treated for high-grade CIN; the pre-treatment viral load
and margin can be seen as the predictor; (ii) the FU visit
beginning at the 6th month post-treatment and lasting at
least 24 months with the combination cytology and HPV
testing; (iii) patients with high pre-treatment HPV load,
which is considered as one risk of developing the residual/
recurrent disease, more attention (especially above 500
RUL/PC) should be paid by clinicians.
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