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Abstract: In the follow-up of treated high-grade cervical intraepithelial neoplasia (HSIL/CIN)
lesions, cervical cytology has a high false-negative rate, while high-risk human papillomavirus (HR-
HPV) DNA testing showed high sensitivity and lower specificity. The detection of messenger RNA
of the HR-HPV E6 and E7 oncoproteins (E6/E7 mRNA) seems to be an indicator of viral integration
and it allows the identification of severe lesions. Our objective was to assess the clinical utility of
E6/E7 mRNA determination in the follow-up of patients treated for HSIL/CIN. A retrospective
observational study including 407 patients treated for HSIL/CIN was performed. The recurrence
rate and the validity of E6/E7 mRNA testing were evaluated. The recurrence rate of high-grade
lesions was 1.7%. The sensitivity of the test was 88% in the first clinical revision and 100% in the
second and third revisions. Specificity was 91% in the first revision, 92% in the second revision, and
85% in the third revision. The positive predictive value was 18% in the first medical revision, 10%
in the second and 14% in the third. The negative predictive value was 100% in all follow-up visits.
In conclusion, the E6/E7 mRNA test seems to be effective in ruling out recurrence after treatment
for HSIL/CIN lesions.

Keywords: cervical intraepithelial neoplasia; conization; human papillomavirus; E6 and E7 mRNA

1. Introduction

High-grade cervical intraepithelial neoplasia (HSIL/CIN) is the precursor lesion of cervical
cancer (CC). Human papillomavirus (HPV) is responsible for 98.7% of CC (1) . Patients treated for
pre-invasive lesions of the cervix have an elevated risk (5% to 30%) of having a persistence or
recurrence of the lesion and, therefore, an increased risk of invasive cancer (2). In general, persistent
disease is considered when HPV is detected at the first check-up after treatment (during the first 6-
12 months); however, recurrent disease is defined when it re-appears after the first normal check-up.

Currently, the follow-up tests after treatment for HSIL/CIN include cervical cytology, HPV
testing and colposcopy. Cervical cytology has a low sensitivity (62%), which limits its effectiveness
(3). HPV DNA testing detects the L1 region, the structural protein of the virus. DNA testing detects
the virus in patients who present a high prevalence, such as young women. It is known that most
infections are transient, without clinical significance. This would explain the low specificity (75%) of
the DNA test for the detection of HSIL/CIN or cancer (4) . In severe lesions, the entire viral genome
or fragments thereof are integrated into the chromosomal DNA of the host cell. The most important
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consequence of this process is the overexpression of the HPV oncoproteins E6 and E7. These play a
crucial role in carcinogenesis since they lead to increased genomic instability, acquisition of oncogenic
mutations and eventual malignant transformation (5). The detection of E6 and E7 messenger RNA
(E6/E7 mRNA) of high-risk HPV (HR-HPV) is an indicator, not only of infection, but also of viral
integration, allowing the identification of more severe lesions. Follow-up studies in patients with
low-risk cervical lesions (LSIL/CIN) conclude that the E6/E7 mRNA test has a higher specificity and
the same sensitivity compared to DNA test, allowing greater accuracy in the selection of women at
risk of LSIL/CIN progression (6,7).

Our objective was to analyze the recurrence rates after treatment for HSIL/CIN and the clinical
utility of the HR-HPV E6/E7 mRNA test in the follow-up of these patients.

2. Materials and Methods

After IRB approval, a retrospective observational study was conducted to evaluate the clinical
utility of the diagnostic tests detecting HPV mRNA. We reviewed 407 patients treated for CIN grade
2-3 between June 2015 and June 2018. All patients were older than 18 years of age. They were tested
for E6/E7 HR-HPV mRNA at all clinical controls after treatment.

Data on the following variables were collected: age of the patient at the time of diagnosis,
cytological and histological diagnosis, therapeutic procedure, pathological outcome, margins in case
of conization or LLETZ (large loop excision of the transformation zone), number of revisions, follow-
up time, and results of the tests performed at each revision. The first revision was performed at 6
months, 4 months if the margin was positive after conization, and at 18, 42 and 78 months after
treatment. A cervical cytology, HPV mRNA test and colposcopy, with directed biopsy if required,
were performed at each follow-up visit.

Any abnormal cervical cytology was considered as recurrence. Treatment failure was defined as
the presence of residual or recurrent high-grade lesion confirmed by cervical cytology or biopsy at
first clinical visit.

A complete gynecological examination was performed at each control. The liquid-based cervical
cytology sample was taken with both endocervical brush and spatula. The sample was processed by
the Pathology Department. The fixed sample was processed in ThinPrep 5000 (Thinprep Hologic,
Bedford, MA), following the manufacturer’s recommendations. The presence of viral RNA was
evaluated using the Aptima HPV Assay (Hologic Iberia S.L., Madrid, Spain). It is a qualitative
molecular test for the detection of 14 HPV genotypes (16/18/31/33/35/39/45/51/52/56/58/59/66/68) that
later allows differentiation between types 16 and 18/45, following the manufacturer’s
recommendations. In the processing of cervical biopsies the samples fixed in 10% buffered formalin
were embedded in paraffin and cut into 4-micron sections and stained with hematoxylin-eosin.

Qualitative data were described using absolute frequencies and percentages. Quantitative data
were described using mean + standard deviation. Comparison between groups of qualitative
variables was performed with the Chi-square test. The usefulness of the mRNA test was estimated
by calculating the sensitivity, specificity, and predictive values, with their corresponding 95%
confidence intervals. The alpha error was set at 5%. Statistical analyses were performed with the SPSS
v15 software (IBM corp., Armouk, USA).

3. Results

A total of 407 patients were included: 401 (97.4%) women with histological diagnosis of
HSIL/CIN, 297 (73%) CIN 2 and 104 (25.6%) of CIN 3; and 6 (2.6%) patients treated without
histological confirmation. The mean age was 37.6 = 9.08 years. The mean follow-up time of the
patients was 3.78 + 1.87 years.

The treatment performed was conization in 362 (88.9%) cases. 253 (69.8%) were performed due
to CIN 2, 103 (28.4%) due to CIN 3 and 6 (1.6%) with no previous histological diagnosis. Laser
vaporization was performed as treatment in 45 (11.1%) women. Among them, 43 (95.6%) for CIN 2
and 2 (4.4%) for CIN 3.
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The histological results of the conization specimen were CIN 2 in 220 (60.7%) patients, CIN 3 in
96 (26.6%) and no residual lesion in 46 (12.7%) cases. The margins of the conization specimen were
free in 266 (84.0%) cases and affected in 50 (16.0%).

During the follow-up period, 55 (13.5%) patients of the total presented an abnormal cervical
result of any grade; among them, 7 (1.7%) were high grade. Of the 45 patients treated with laser
vaporization, 7 (15.5%) low-grade recurrences and none high-grade recurrence were detected.

Table 1 shows the results of mRNA testing in each clinical visit and the cases of persistence and
recurrence. A total of 986 tests were performed. Table 2 shows the mRNA test results and recurrences
according to the type of treatment, including patients who underwent conization.

During the follow-up, among the 55 patients who had an abnormal result of any grade, 33 (60%)
had a positive mRNA test result. Of the 352 patients who had normal results, 49 (13.9%) had a positive
mRNA test during follow-up. These differences were statistically significant (p<0.001).

Among the 266 cases with negative margins in the conization specimen, 32 (12%) had abnormal
results of any grade during follow-up; of the 50 cases with positive margins, 11 (22%) were pathologic
results, these differences were not statistically significant (p=0.064).

Among the 7 high-grade recurrences, 3 (1.1%) were diagnosed among the 266 patients with
negative margins, and 4 (8%) among the 50 patients with positive margins. These 4 cases had positive
mRNA testing. Considering the 17 patients with positive margins and positive mRNA test, only 4
had high-grade recurrence.

The sensitivity, specificity and predictive values of the mRNA test are shown in Table 3. Due to
the absence of high-grade recurrences in the fourth, fifth and sixth revisions, the validity and safety
of the test could not be determined for these clinical visits.

Table 1. Results of mRNA testing, persistence and recurrence. Data is n and %.

Clinical Visit First | Second | Third | Fourth | Fifth Sixth
Negative mRNA 355 311 141 48 11 5
(89.9%) | (91,2%) | (83.4%) | (78.7%) | (78.6%) | (83,3%)
Positive mRNA 40 30 28 13 3 1
(10.1%) | (8.8%) | (16.6%) | (21.3%) | (21.4%) | (16.7%)
Any Grade Recurrence 26 15 10 6 2 0
(6,6%) | (4.4%) (6%) (10%) | (14.3%) | (0%)
High Grade Recurrence 3 1 3 0 0 0
(0.6%) | (0.3%) | (1,8%) (0%) (0%) (0%)

Table 2. Positive mRNA test and recurrences according to treatment.

Positive Any Grade High Grade Total
mRNA Recurrence Recurrence
Laser vaporization 9 (20 %) 7 (15.5%) 0 (0%) 45
Conization 73 (20.1%) 48 (13.2%) 7 (1.9%) 362
aNo residual 6 (13%) 5 (10.8%) 0 (0%) 46
lesion 67 (21.2%) 43 (13.6%) 7 (2.2%) 316
aHSIL/CIN
bFree 50 (18.7) 32 (12%) 3 (1.1%) 266
bAffected 17 (34%) 11 (22%) 4 (8%) 50
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Abbreviations: HSIL/CIN, high-grade cervical intraepithelial neoplasia, Data is n or n (%). *After conization.
PMargins after conization.

Table 3. Validity and safety of the mRNA test.

First Review Second Review Third Review
Any Grade | High Grade | Any Grade | High Grade | Any Grade | High Grade
Sensitivity 41 88 56 100 67 100
(26-55) (65-110) (37-75) (100-100) (40-93) (100-100)
Specificity 94 91 95 92 87 85
(91-96) (89-94) (93-97) (89-95) (82-92) (80-91)
PPV 45 18 47 10 29 14
(30-60) (6-29) (29-65) (2-16) (12-45) (1-27)
PNV 93 100 100 100 97 100
(90-95) (100-100) (94-99) (100-100) (94-100) (100-100)

Abbreviations: VPP, positive predictive value; VPN, negative predictive value; CI: confidence interval. Data is
% (95% CI).

4. Discussion

The sensitivity of the mRNA test for the detection of cervical dysplasia of any grade is low: 41%
at the first review, 56% at the second review and 67% at the third review. The explanation for these
results is because it is designed to detect high-grade lesions. Since low-grade lesions express fewer
oncogenes, the accuracy of these tests decrease. Several studies with different mRNA detection tests,
have shown that the level of expression of this molecule is related to the degree of the lesion to detect
(8,9). This justifies the improved diagnostic yield values in our study when only high-grade lesions
are considered: 70% in the first review and 100% in the second and third review.

The objective of the follow-up of patients treated for HSIL/CIN is to rule out new or persistent
precancerous lesions. A diagnostic test with high sensitivity and NPV should be available (10). The
test evaluated in the present study presents these characteristics. In the first clinical visit one HSIL
was detected by cytology; but in the second and third visits all high-grade recurrences were detected
by the mRNA test.

Tropé et al. reported a low sensitivity, 45.5 % (95% CI: 26.8-65.5) and high NPV, 96.2 % (95 % CI:
93.5-97.8) of the mRINA test for predicting high-grade CIN at 6 months after conization. The test used
was based on detection of full-length E6 and E7 mRNA of HR-HPV types 16, 18, 31, 33, and 45. The
follow-up of that study was 18 months. The authors concluded that the low sensitivity of mRNA
testing could be explained by the low expression of oncogenes in the new infections (10).

In another study of 143 cases, with a mean follow-up of 3.6 years, Persson M et al. reported a
low sensitivity, 57.1 % (95% CI 25.0-84.2), and a high specificity, 93.4 % (95% CI 87.9-96.5). The same
mRNA test was used as in our study. In addition, the test was performed from liquid-based recovered
samples that were used for HPV DNA analysis. The authors concluded that the false-negative rate of
HPV E6 and E7 could caused by three reasons: the distribution of HR-HPV types in the stored
samples; the quality of the samples stored; and the period between collection and testing, between 6
and 12 months (11).

In a larger study, 475 patients treated by conization between 2003 and 2010, Frega A et al.
detected a higher sensitivity of 73.5% and a NPV of 97% for the detection of recurrences. E6 and E7
mRNA testing of HPV types 16, 18, 31, 33, and 45, was based on a qualitative technique of nucleic
acid real-time amplification (NASBA). The recurrence rate was 21%. The study differentiated
between residual and recurrent disease in order to analyze the accuracy of the test as a predictive
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value for recurrent disease. Recurrence was defined as the appearance of LSIL or HSIL after negative
colposcopy and cytology at 3 and 6 months after conization. The authors concluded that the HPV
mRNA test has a higher sensitivity and higher NPV in predicting recurrent disease and should be
used in the follow-up of patients treated for HSIL/CIN with conization (12).

The sensitivity and NPV results of our study seem to be consistent since almost 1,000 mRNA
tests were analyzed. Based on it, from our point of view in the first visit, with the aim of ruling out a
persistent lesion, the mRNA detection test and cytology should be included. In subsequent clinical
visits, with the aim of ruling out recurrence, only the mRNA test could be performed and if it is
negative, the other tests could be applied (cytology, HPV DNA test or colposcopy). The results of
screening studies reinforce this conclusion: the HR-HPV E6 and E7 mRNA test used in our center
showed similar sensitivity and slightly higher specificity for the detection of HSIL/CIN compared to
the standard HPV DNA-based test (13-15).

On the other hand, our results showed a high specificity and a low PPV in the follow-up of
patients treated for HSIL/CIN with conization, the positivity of the studied mRNA test would not
predict HSIL/CIN recurrences. However, the high-grade recurrence rate in our study is low, 1.72%,
compared to other studies (10,11). This low probability would justify the PPV data. The study by
Zappacosta R. et al. (16) included 116 patients treated with conization between 2008 and 2010
reporting a recurrence rate of 8.6%. The HPV mRNA test used, based on real-time amplification of
E6 and E7 of the 5 most frequent HPV types, presented a specificity of 100% and a PPV 100%, higher
than those detected with the combination of cytology and HPV DNA test. They concluded that the
inclusion of mRNA in the follow-up protocol could predict earlier the risk of recurrent lesions after
conization; consequently, reducing overtreatment, especially in women older than 30 years.
According to our results and the demonstrated association between the affected margin of the
conization specimen and the mRNA test, closer monitoring should be indicated in patients with a
positive mRNA test during follow-up, regardless of the low PPV detected.

The meta-analysis by Arbyn M et al. demonstrated that the risk of residual or recurrent
HSIL/CIN is significantly higher when the margins of the conization specimen are affected (17). Our
study also detected that the likelihood of recurrence was higher when margins were affected (22% of
recurrences of any grade with affected margins and 12% of all-grade recurrences with free margins),
and in the case of high-grade recurrences (8.0% compared to 1.1% with free margins).

Our study also detected that the probability of any-grade recurrence is higher in patients with
an affected margin compared with free-margin specimens (22% vs. 12%, respectively). Same findings
were observed for high-grade recurrence (8% vs. 1.1%, respectively). In addition, 4 of the 7 high-
grade recurrences diagnosed had had an affected margin in the specimen and a positive mRNA test.

Recurrence rates of any grade were similar regardless of the treatment performed, (laser
vaporization or conization). In the group of patients treated with laser vaporization, no high-grade
recurrence was detected. This could be justified by the selection of patients since they were mostly
small lesions, CIN 2 and with transformation zone type 1. The absence of high-grade recurrences in
the group of patients without lesion in the conization specimen could be justified by the small
extension of the initial lesion which probably was completely excised with the diagnostic biopsy.

The recurrence rate of HSIL/CIN in our population was low compared to other series. Persson
et al, detected a 4.9% recurrence rate in 143 treated between 1999 and 2009; and Tropé et al, reported
6.4% recurrence rate in 344 treated between 2005 and 2006 (10,11). The low rate found in our study
could be related to HPV vaccination. This would be consistent with the conclusions of both meta-
analysis by Lichter K and Kechagias KS, published in 2020 and 2022, respectively, which concluded
that adjuvant HPV vaccination in the context of surgical excision for CIN 2 or 3 is associated with a
lower risk of recurrent CIN (18,19).

5. Conclusions

In the follow-up of patients treated for HSIL/CIN, the mRNA detection test shows high
sensitivity and high NPV in the detection of persistent disease. Patients could be monitored at the
first visit after treatment with HPV mRNA test and cytology.
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In the following visits the mRNA test alone seems to be appropriate; if it is negative, no further
testing would be required. Patients with positive margins on the conization piece and positive mRNA
test should be closely monitored. Recurrence rates are similar regardless of the therapy used,
conization and laser vaporization.
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