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Abstract

Introduction: The utility and application of endocervical curettage (ECC) during colposcopy remain controversial. This
study optimized ECC application for primary human papillomavirus (HPV) screening in patients with high-risk (HR)-HPV.
Methods: This retrospective study included patients with HR-HPV, who underwent subsequent cervical biopsy and ECC
from January |, 2014, to December 31, 2020. Logistic regression was used to calculate the odds ratios (ORs) and 95% con-
fidence intervals (Cls). The prediction model was presented as a nomogram and evaluated for discrimination and calibration.
Results: The additional detection rate of cervical intraepithelial neoplasia 2 4+ lesions with ECC was 2.0% (77/3887) in
patients with HR-HPV. In multivariate risk factor analysis, HPV |6 infection presented a high risk of positive ECC, followed
by HPV 33, HPV 58, and HPV 31. Irrespective of the abnormal cytopathological results, positive ECC was significantly
increased (all P<.001). Females with acetowhite changes on colposcopy, transformation zone (TZ) type I, TZ type lll, colpo-
scopic impression of high-grade squamous intraepithelial lesion, or cancer were at a high risk of positive ECC. The final pre-
diction model included significant variables from risk factor analysis, and had excellent calibration and classification
capabilities, with an area under the receiver operating curve of 0.902 (95% ClI, 0.881-0.922). Additionally, calibration analysis
suggested consistency. Conclusion: As the additional detection value of ECC is limited. A satisfactory prediction model was
designed to optimize ECC application in patients with HR-HPV infection.
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Introduction

Cervical cancer has the second highest morbidity and mortality
among gynecological malignancies globally.! Colposcopically
directed biopsy (CDB) is a vital tool for the early detection of
cervical precancerous lesions and malignancies.> However,
in patients with a history of cervical treatment that destroys
the transformation area or in older females with the transforma-
tion area transferred to the cervical canal, determining the state
of endocervical lesions using a colposcopy is difficult.

Endocervical curettage (ECC) can be used to obtain tissue
samples from the cervical canal for histopathological evaluation,
which can improve the detection rate of cervical lesions.
However, the utility and application of ECC remain controver-
sial.*® A real-world study reported that ECC increased the diag-
nosis rate of cervical intraepithelial neoplasia (CIN) 2 + lesions by
only 1.01%,° indicating the limited significance of routinely per-
forming ECC during colposcopy. According to the current
American Society for Colposcopy and Cervical Pathology
(ASCCP) guidelines,” no clear recommendations for ECC use
during colposcopy exist, and the decision to perform ECC
depends primarily on the experience of clinicians. But not all
females benefit from ECC at colposcopy. Performing colposcopy
and ECC based on clinician’s experience, rather than evidence-
based ECC, may lead to a higher incidence of adverse outcomes.’

Since the release of the 2015 ASCCP interim guidelines,®
primary human papillomavirus (HPV) testing has become the dom-
inant method for cervical cancer screening in China. The increase
in primary HPV testing has significantly raised the number of
patients referred for colposcopy and ECC owing to its high sensi-
tivity but low specificity.” The overuse of ECC wastes resources
and increases economic burden. Furthermore, ECC is frequently
the most uncomfortable step in colposcopy for most patients.'®!!
Therefore, decisions regarding the necessity of performing ECC
should not be made lightly, and there is a requirement for an alter-
native approach to enable early identification of females infected
with HR-HPV who require this procedure.

During primary HPV screening, we aimed to conduct risk
stratification for positive ECC (histopathologically CIN 2 or
worse) and develop and validate prediction model for ECC
use in females with HR-HPV infections.

Methods
Patients and Study Design

Females who underwent a primary HPV genotyping test
between January 1, 2016, and December 31, 2020, were
recruited for this study. Meanwhile, patients were excluded if
they were pregnant, had a history of other malignancies or

severe immunodeficiency diseases, or had received the HPV
vaccine. Eligible women referred for routine colposcopy with
CDB and ECC, following abnormal screening results (includ-
ing HPV and ThinPrep cytological test [TCT] results) based
on clinical guidelines were included. For subgroup analysis,
the included individuals were divided into two groups accord-
ing to their HR-HPV infection status: the HPV 16/18 infection
and non-16/18 HR-HPV infection groups.

The ethics committee of the hospital approved all protocols
and informed consent procedures. Owing to the retrospective
observational design of this study data anonymity, the require-
ment for written informed consent was waived.

Colposcopy, Cervical Biopsy, and ECC

Pre-colposcopy, basic information, including gravidity, parity,
medication history, cervix-related lesions, other malignancies,
and clinical manifestations (contact bleeding, irregular vaginal
bleeding, and increased leukorrhea) were recorded.

During colposcopy, the cervix and vagina were first examined by
gross visualization under bright light, without the application of any
solutions. Then, a solution of 3%-5% acetic acid, followed by
Lugol’s solution, was applied to the cervix. A green filter on the col-
poscope was used to identify accentuated abnormal blood vessels,
and CDB was performed by targeting visible acetowhite areas. If col-
poscopy showed no lesions, four quadrants perforated biopsy was
randomly performed. Then, ECC was performed after cervical
biopsy to allow for clear directed biopsy, without blood from the
ECC obscuring the biopsy site. Under colposcopy guidance, an
in-and-out and rotating motions with a Kevorkian curette were
used to ensure comprehensive sampling of the full canal circumfer-
ence. Electronic colposcopy (SLC-2000; Goldway, China) was used
to visually evaluate the cervix, including the transformation zone
(TZ) type (1, 11, and I1I), acetowhite changes, Lugol’s staining, punc-
tate blood vessels, and abnormal blood vessels. A standardized doc-
umentation form was used to consistently document colposcopic
findings. All colposcopic examinations, CDB, and ECC procedures
were performed by the same experienced gynecologist. The least
favorable pathological result from CDB and ECC was considered
as the final diagnosis. Colposcopic diagnoses were categorized as
normal, low-grade squamous intraepithelial lesion (LSIL), high-
grade squamous intraepithelial lesion (HSIL), or cancer.

HPV Genotyping Test, Cytopathology, and Histopathology

The genotyping test was conducted with PCR-reverse dot blot
(Yaneng® Biosciences, Shenzhen, China).'"* Fourteen
HR-HPV genotypes were identified using this technique,
namely HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
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66, and 68. All reactions were performed according to the man-
ufacturer’s instructions.

The cytopathological diagnoses were based on the 2014
Bethesda System.'® The cytopathological classifications were:
negative for intraepithelial lesions or malignancy (NILM), atyp-
ical squamous cells of undetermined significance, LSIL, atypi-
cal squamous cells cannot exclude an HSIL (ASC-H), HSIL,
squamous cell carcinoma (SCC), atypical glandular cells not
otherwise specified, atypical glandular cells-favor neoplasia,
adenocarcinoma in situ (AIS), and adenocarcinoma of the
cervix (AC).

Histopathological diagnoses by two gynecological patholo-
gists blinded to the cytopathological findings included suspi-
cions of NILM, CIN 1-3, SCC, AIS, or AC. If a sample was
primarily diagnosed as a CIN 2 + histopathologically, it was
then reviewed by an independent pathologist. Differences
were discussed and resolved through additional histopatholog-
ical examination until consensus was reached.

Development, Validation, and Presentation of the
Predictive Model

All variables included were analyzed using univariate analysis
to determine the HR factors for positive ECC, while calculating
the odds ratios (OR) and 95% confidence intervals (CI).
Variables considered statistically significant in multivariate
logistic regression analysis were then selected for the predictive
model.

The Transparent Reporting of a multivariable prediction
model for Individual Prognosis or Diagnosis guidelines were
used to report this study.'*

To ensure the precise estimation of key parameters in the
prediction model, the sample size was calculated following
the specific criteria proposed by Riley et al'> Based on the for-
mulae reported, positive ECC incidence was 11.9%.'° The
required calculated sample size was at >577 (14 candidate
predictors).

To evaluate the performance of the predictive model, we
drew a calibration curve using predicted versus actual results.
Furthermore, a receiver operating characteristic (ROC) curve
with sensitivity and specificity was used to determine the
model’s discrimination, which was quantified using the area
under the ROC curve (AUC). An AUC exceeding 0.7 was clas-
sified as reasonable, and exceeding 0.8 as strong. A decision
curve was constructed to demonstrate the clinical utility of
the predictive model. Internal verification was performed to
evaluate the stability of the predictive model employing
10-fold cross-validation and 100 bootstrap re-samplings. The
10-fold cross-validation was used to randomly select a subset
of 90% of participants, and the remaining 10% were used to
test validity. This test was repeated 10 times to assess the pre-
dictive accuracy of the model and determine whether the
extent was overoptimistic. The model was replaced with a
development sample that was modified to assess the optimism
of model performance.

The final model, which include d statistically significant var-
iables, was presented as a nomogram for clinical application,
with each predicted value corresponding to a weight; therefore,
the total score is equivalent to a linear predictor. For this predic-
tion model, logistic regression outcomes were transformed into
the linear predictor to produce estimates of the probability of
positive ECC in females with HR-HPV infection.

Statistical Analysis

A positive ECC result was defined as a histopathology of CIN 2
or worse, and negative ECC was defined as normal histology or
CIN 1 on ECC. Continuous and categorical variables of the two
groups were compared using t-tests and chi-square tests, respec-
tively. Univariate and multivariate logistic regression analyses
were performed using the IBM SPSS statistical package
(version 22.0; IBM Corporation, Armonk, NY, USA). R soft-
ware (version 3.6.0; R Foundation for Statistical Computing,
Vienna, Austria) was used for nomogram calculations and val-
idation. All statistical tests were two-sided, and P <.05 was con-
sidered statistically significant.

Results

Patient Characteristics

Overall, 4677 females who underwent primary HPV testing for
HR-HPV infection were referred for colposcopy. Of these, 2730
had non-16/18 HR-HPV infection (2730/4677; 58.4%), and
1947 had HPV 16/18 infection (1947/4677; 41.6%). All partic-
ipants underwent ECC and CDB (Supplementary Figure 1).
Figure 1 shows a comparison between the cervical biopsy and
ECC histopathology results. The total detection rate of positive
ECC was 8.4% (392/4677) in all patients with HR-HPV. The
detection rate was 12.7% (248/1947) in the HPV 16/18 infec-
tion and 5.3% (144/2730) in the non-16/18 HR-HPV infection
groups. The probability of the additional detection of CIN 2 +
lesions was only 2.0% (77/3887). In the HPV 16/18 infection
group, the rate was 2.6% (37/1437), whereas it was 1.6% (40/
2450) in the non-16/18 HR-HPV infection group. The demo-
graphic and clinical characteristics of patient positive for
HR-HPV in the negative and positive ECC groups are listed
in Supplementary Table 1.

Risk Factors Analysis of Positive ECC Histopathology

Table 1 presents the risk factor analysis for positive ECC histopa-
thology in females with HR-HPV. Using the multivariable logis-
tic regression analysis, compared with females aged <25 years,
those >35 years were an independent risk factor for positive
ECC. Furthermore, females >65 years were at the highest risk
of positive ECC (OR, 6.437; 95% CI, 1.324-31.289; P=.021).
In addition, contact bleeding was associated with positive ECC
(OR, 1.876; 95% CI, 1.218-2.889; P =.004).

Additionally, an abnormal TCT result was the primary
reason for colposcopy referral. Abnormal cytopathological
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All (n=4677)
ECC pathology
Normal CINI CINII CIN I Cancer Total
. Normal 2785 60 46 s 4 2903
& (59.55%) (1.28%) (0.98%) 0.17%) (0.09%) (62.06%)
El CINI 866 99 13 5 1 984
H (18.52%) (2.12%) (028%) (0.11%) (0.02%) (21.03%)
¥ CoNI 296 24 119 8 1 444
£ (6.33%) (0.51%) (2.54%) (0.17%) (0.02%) (9.49%)
T CINII 127 7 82 69 2 287
+ (@2.72%) (0.15%) (1.75%) (1.48%) (0.04%) (6.14%)
& Cancer 18 3 12 4 22 59
(0.39%) (0.06%) (026%) (0.09%) (0.47%) (126%)
Total 4002 193 272 20 30 4677
(87.49%) (4.12%) (5:81%) (1.92%) (0.64%) | (100.00%)
HPV 16/18 infection (n=1947)
ECC pathology
Normal CINI CINII CINII Cancer Total
% Normal 1012 22 27 3 2 1066
2 (5198%)  (1.13%) (1.39%) (0.15%) ©0.10%) | (54.75%)
S
£ CINT 335 31 4 1 0 371
4 (1721%)  (1.59%) (021%) (0.05%) 0.00%) | (19.06%)
g CINII 176 12 73 3 1 265
3 (9.04%) (0.62%) (3.75%) (0.15%) 0.05%) | (13.61%)
£ CIN I 88 6 54 47 1 196
£ (4.52%) (031%) @.77%) (2.41%) 0.05%) | (10.07%)
© Cancer 15 2 10 3 19 49
(0.77%) (0.10%) (0.51%) (0.15%) (0.98%) (2.52%)
Total 1626 73 168 57 23 1947
(8351%)  (3.75%) (8.63%) (2.93%) (1.18%) | (100.00%)
Non-16/18 HR-HPV infection (n=2730)
ECC pathology
Normal CINI CINIT CINIII Cancer Total
Normal 1773 38 19 5 2 1837
% (64.95%)  (1.39%) (0.70%) (0.18%) 0.07%) | (67.29%)
2
E CINT 531 68 9 4 1 613
E (19.45%)  (2.49%) (033%) (0.15%) 0.04%) | (22.45%)
=Y
Py CINII 120 12 46 5 0 179
5 (4.40%) (0.44%) (1.69%) (0.18%) (0.00%) (6.56%)
3
= CIN IT 39 1 28 22 1 91
£ (1.43%) (0.04%) (1.03%) (0.81%) (0.04%) (0.33%)
8 Cancer 3 1 2 1 3 10
(1.10%) (0.04%) (0.07%) (0.04%) (1.10%) (0.37%)
Total 2466 120 104 33 7 2730
(90.33%) (4.40%) (3.81%) (1.21%) 026%) | (100.00%)

Figure 1. Comparing the consistency of cervical biopsy
histopathology and ECC histopathology. A, All included individuals.
B, HPV 16/18 infection group. C, Non-16/18 HR-HPV infection
group. Abbreviations: HR-HPV, high-risk human papillomavirus;
ECC, endocervical curettage; CIN, cervical intraepithelial neoplasia.

results increased the probability of positive ECC (P<.001).
Compared to individuals with cytopathological NILM, those
with cytopathological result greater than HSIL had an 11.2
times (95% CI, 7.202-17.530; P<.001) higher risk of positive
ECC. In specific genotypes, HPV 16 (OR, 4.353; 95% CI,
3.171-6.487; P<.001), HPV 33 (OR, 3.764; 95% CI,
2.281-6.210; P<.001), HPV 58, (OR, 2.125; 95% CI,

1.423-3.172; P<.001), and HPV 31 infection (OR, 1.973;
95% CI, 1.026-3.794; P =.042) were risk factors for patholog-
ical ECC CIN 2 +. Notably, double or multiple HR-HPV infec-
tions were not associated with a higher likelihood of positive
ECC.

Females with acetowhite changes on colonoscopy (OR,
1.975; 95% CI, 1.163-3.355; P=.012) had a higher risk of pos-
itive ECC. Lugol’s staining, punctate blood vessels, and
abnormal blood vessels was discovered to have no association
with risk. TZ types II (OR, 1.839; 95% CI, 1.079-3.134; P<
.001) and III (OR, 3.816; 95% CI, 2.358-6.176; P<.012)
were significantly associated with ECC CIN 2 + and compared
to those with TZ type 1. Furthermore, compared with a normal/
benign impression in colposcopy, patients with an impression
of LSIL, HSIL, and cancer had 1.015 (95% CI, 0.637-1.618,
P=.951), 4.349 (95% CI; 2.488-7.603; P<.001), and 19.621
(95% CI, 7.426-51.843, P<.001) times greater risks of positive
ECC, respectively.

Subgroup Analysis of Individuals with HPV 16/18
Infection and Other Types of HR-HPV

Multivariable logistic regression analysis of patients infected
with HPV 16/18, demonstrated statistically significant differ-
ences in variables between 36 and 65 years. Furthermore, symp-
toms of contact bleeding, TCT > ASCUS other than AGC, HPV
33 infection, acetowhite changes, TZ type III, and colposcopic
impression (Supplementary Table 2). However, in patients
infected with other types of HR-HPV we observed that TCT >
ASC-H; HPV 31 and HPV 33 infections, acetowhite changes,
TZ type 111, and colposcopic impression were statistically signifi-
cantly associated with positive ECC (Supplementary Table 3).

Model Design, Performance, and Validation

Variables determined to be significant in multivariate risk factor
analysis of positive ECC histopathology, including age, symp-
toms of contact bleeding, HPV genotypes, TCT, TZ type, ace-
towhite changes, and colposcopic impression were included in
the final model. Figure 2 provided the weighted nomogram and
risk prediction scores that allowed estimation of individual
probabilities of identifying positive ECC at colposcopy.
When the grading value of the ten predictors is determined,
the total score can be obtained by adding them together and
the probability of ECC positivity in patients with HR-HPV
infections can be calculated.

Figure 3A displayed the ROC curve, with the sensitivity and
specificity of the nomogram were 83.7 and 81.3%, respectively,
and the AUC was 0.902 (95% CI: 0.881-0.922). The calibration
plots of the observed versus predicted probabilities by cross-
validation and bootstrapping are shown in Figure 3B and C,
and the predicted positive ECC rate was consistent with the
actual value. Then, the overfitting was assessed, and found to
be negligible. The original C-statistic of the final model was
0.866, and performing three-fold cross-validation yielded a
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Table 1. Risk Factors Analysis of ECC Histopathological CIN 2 + in Patients Positive for HR-HPV (n =4677).
Variates n OR (95% CI) P value OR ,gjust (95% CI) P value
Age
<25 174 (37.2%) 1 1
25-35 1342 (28.7%) 2.341(0.937-5.849) .069 3.004(0.847-10.650) .088
36-45 1488 (31.8%) 3.428 (1.384-8.486) .008 5.241 (1.463-18.772) 011
46-55 1136 (24.3%) 3.580 (1.440-8.904) .006 5.094 (1.394-18.621) .014
56-65 467 (10.0%) 3.693 (1.443-9.455) .006 4.840 (1.257-18.640) .022
>65 70 (1.5%) 4.361 (1.375-13.838) 012 6.437 (1.324-31.289) 021
Menopausal status
Premenopausal 1004 (21.5%) 1 -
Postmenopausal 3673 (78.5%) 1.532 (1.115-2.032) .003
Gravidity
>2 2320 (49.6%) 1 1
<2 2357 (50.4%) 1.448 (1.182-1.798) .001 0.999 (0.644-1.550) .998
Parity
>2 3705 (79.2%) 1 1
<2 972 (20.8%) 1.113 (0.868-1.427) 398 1.098 (0.793-1.519) 573
Contact bleeding
No 4345 (92.9%) 1 1
Yes 332 (7.1%) 2.278 (1.668-3.111) <.001 1.876 (1.218-2.889) .004
TCT diagnosis
NILM 1873 (39.4%) 1 1
ASC-US 1255 (26.8%) 1.614 (1.114-2.339) 011 1.983 (1.320-2.979) <.001
LSIL 719 (15.4%) 1.632 (1.060-2.512) .026 2.376 (1.474-3.832) <.001
ASC-H 272 (5.8%) 10.650 (7.204-15.745) <.001 8.662 (5.460-13.742) <.001
AGC 88 (1.9%) 5.955 (2.372-14.950) <.001 4.823 (1.496-15.545) .008
>HSIL 257 (5.5%) 20.792 (14.411-29.999) <.001 11.237 (7.202-17.530) <.001
HR-HPV infection
Single 3171 (67.8%) 1 -
Double 1055 (22.6%) 0.916 (0.712-1.179) 498
Multiple 451 (9.6%) 0.632 (0.417-0.956) .030
HR-HPV genotypes
HPV 16 1312 (28.1%) 3.782 (3.063-4.672) <.001 4.535 (3.171 -6.487) <.001
HPV 18 695 (14.9%) 0.485 (0.335-0.703) <.001 0.960 (0.561-1.643) .882
HPV 31 169 (3.6%) 1.492 (0.924-2.408) 101 1.973 (1.026-3.794) .042
HPV 33 185 (4.0%) 3.837 (2.695-5.462) .001 3.764 (2.281-6.210) <.001
HPV 35 105 (2.2%) 0.776 (0.358-1.683) 521 0.758 (0.281-2.042) .584
HPV 39 186 (1.0%) 0.545 (0.277-1.073) .079 0.764 (0.331-1.766) .529
HPV 45 75 (4.0%) 0.451 (0.141-1.438) 178 0.600 (0.149-2.424) 474
HPV 51 357 (7.6%) 0.235 (0.116-0.478) <.001 0.244 (0.094-0.631) .004
HPV 52 953 (20.4%) 0.531 (0.392-0.719) <.001 0.782 (0.519-1.179) 241
HPV 56 208 (4.4%) 0.260 (0.106-0.634) .003 0.320 (0.095-1.082) .067
HPV 58 543 (1.2%) 1.619 (1.222-2.144) <.001 2.125 (1.423-3.172) <.001
HPV 59 194 (4.2%) 0.647 (0.349-1.199) .166 0.760 (0.313-1.842) .543
HPV 66 179 (3.8%) 0.181 (0.058-0.569) .003 0.279 (0.065-1.194) .085
HPV 68 215 (4.6%) 0.303 (0.134-0.687) .004 0.514 (0.199-1.326) .169
Acetowhite changes
No 1912 (40.9%) 1 1
Yes 2765 (59.1%) 3.064 (2.371-3.960) <.001 1.975 (1.163-3.355) 012
Lugol staining
Sained 1246 (26.6%) 1 1
No stained 3431 (73.4%) 2.118 (1.596-2.810) <.001 0.543 (0.321-0.917) .022
Punctate blood vessels
No 4326 (92.5%) 1 1
Yes 357 (7.5%) 2.841 (2.125-3.800) <.001 1.048 (0.676-1.624) .834
Abnormal blood vessels
No 4323 (92.4%) 1 1
Yes 454 (7.6%) 6.640 (5.004-8.340) <.001 6.640 (5.004-8.340) <.001
TZ type

(continued)
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Table 1. (continued)

Variates n OR (95% CI) P value OR ,gjust (95% CI) P value
Type I 1052 (22.5%) 1 1
Type IT 680 (14.5%) 2.238 (1.562-3.207) <.001 1.839 (1.079-3.134) <.001
Type III 2945 (63.0%) 1.722 (1.279-2.320) <.001 3.816 (2.358-6.176) 012
Colposcopic impression
Normal/benign 1810 (38.7%) 1 1
LSIL 2258 (48.3%) 1.504 (1.114-2.030) .008 1.015 (0.637-1.618) 951
HSIL 563 (12.0%) 10.193 (7.537-13.787) <.001 4.349 (2.488-7.603) <.001
Cancer 12 (0.3%) 71.490 (35.476-144.065) <.001 19.621 (7.426-51.843) <.001

Note: * OR values were adjusted for age, gravidity, and pregnancy.
Abbreviations: ECC, endocervical curettage; OR, odds ratio; CIN, cervical intraepithelial neoplasia; CI, confidence interval; ECC, endocervical curettage; HR-HPV,
high-risk human papillomavirus; TZ, transformation zone; NILM, intraepithelial lesions or malignancy; ASC-US, atypical squamous cells of undetermined
significance; LSIL, low-grade squamous intraepithelial lesion; ASC-H, atypical squamous cells cannot exclude HSIL; AGC, atypical glandular cells; HSIL,
high-grade squamous intraepithelial lesion.
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curve.

modified C-statistic of 0.860. Meanwhile, during bootstrapping,
the C-statistic was 0.865. Thus, model optimism was found to
be negligible in 10-fold cross-validation and bootstrapping.

Discussion

In clinical practice, the correct application of ECC can reduce
the rate of missed diagnoses and improve the detection rate of
cervical lesions. However, by aiming to completely eliminate
missed diagnoses in clinical practice, the rate of overtreatment
and financial implications of excessive testing was inevitably
increased.® No previous studies identified the real beneficiaries
of ECC from the large cohort of patients with HR-HPV referred
for colposcopy. Therefore, in this study, risk factor analysis was
performed, and an effective prediction model was constructed

to individualize the risk of histopathological ECC CIN 2 +in
individuals with HR-HPV infection.

In individuals with HR-HPV infection, the additional detec-
tion rate of CIN 2 + lesions with ECC was only 2.0%. Although
it increased to 2.6% in individuals with HPV 16/18 infection,
the diagnostic utility of ECC alone for cervical HSIL remain
limited. These findings are similar to those reported previ-
ously.'”'® One study demonstrated the limited benefits of
ECC in patients with normal or satisfactory colposcopy with
visible abnormal lesions.* However, clinical gynecologists in
China prefer to perform ECC during colposcopy to avoid omis-
sions, despite their knowledge that only some patients will
benefit from it.'> Therefore, individualized risk stratification
of positive ECC in the HR-HPV infection cohort referred for
colposcopy is an urgent concern.
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We identified 10 powerful predictors in our prediction model
to optimize the ECC strategy in patients with HR-HPV infections,
including age, symptoms of contact bleeding, HPV infection, ace-
towhite changes, TZ types, and colposcopic impression. All of
which are easy to assess in clinical practice.

As the first steps in cervical cancer screening, HPV infection
and cervical cytopathology are the primary reasons for colpos-
copy referral. However, correlations between specific HPV
genotype infections and ECC positivity have rarely been
reported. As various genotypes have been reported to have
wide-ranged levels of carcinogenicity, data suggest that the
most pathogenic HPV genotypes can distinguish those at a
high risk for CIN 3.22! The current study revealed that patients
with HPV 16, HPV 33, HPV 58, and HPV 31 were associated
with the potential for histopathologically positive ECC. These
findings underscore the significance of ECC in individuals
infected with distinct HPV genotypes. Notably, HPV 18 has
no association with ECC CIN 24 due to CIN 2+ being the
study endpoint, whereas HPV 18 infection is closely related
to the incidence of cervical adenocarcinoma.?*** The clinical
manifestation of cervical adenocarcinoma is atypical.
Therefore, vigilance is required in clinical practice regarding
HPV 18 infection because of its close association with cervical
adenocarcinomas.

With the widespread application of primary HPV testing,
cervical cytopathology has become essential for colposcopy
referral for patients positive for HR-HPV. However, studies
report varying conclusions regarding the role of abnormal cyto-
pathological results in predicting ECC. Xue et al*> claimed that
only TCT > HSIL strongly correlated with ECC, and Liu et al*
reported a 13.0% CIN 2 or worse ECC yield in females with
ASCUS or LSIL cytopathology. Using multivariate logistic
regression analysis, we revealed a statistically significant asso-
ciation between abnormal cytopathology and an increased risk
of positive ECC, even in cases with the mildest form of
ASCUS, underscoring the importance of conducting additional
reflex triage testing in those testing positive for primary HPV
screening per recommendations.”

Age was found to be a significant factor in determining the
requirement for ECC; the older the individual, the higher the
risk of positive ECC, with those aged >65 years having the great-
estrisk. These age-related trends correspond with the findings of
Pretorius et al,'” who reported that limiting ECC use in females
aged >25 years resulted in 29.3% (5433/18,537) fewer ECCs.
Herein, older females benefited more from endocervical sam-
pling due to challenges in completely visualizing the cervical
squamous-columnar junction.”® However, the TZ type, which
also affects adequate visualization of the cervix surface, that
would likely benefit from ECC remain debatable.”’® One
study claimed that TZ type III is a crucial reference index for
occult cervical lesions,?” while others suggested that those with
TZ types I and II should be encouraged to undergo ECC due to
possible positive ECC findings.*® Our study confirmed that TZ
types Il and III, which are the origins of cervical carcinogenesis,
were both important references for ECC decision-making, and
were included in model construction.

In addition, clinical manifestations and colposcopy results
are important reference factors for ECC decision-making,
although they have not been described in the guidelines. As
contact bleeding is the most common clinical manifestation
of cervical cancer, a previous study suggested that females
with contact bleeding should be referred for colposcopy to
identify potential cervical cancer.’® Our study also found
that contact bleeding was associated with positive ECC.
Therefore, ECC should be performed in females with
HR-HPV and contact bleeding to assess for underlying posi-
tive ECC lesions. The severity of colposcopic impression may
also influence the clinician’s decision to perform ECC. A
study reported that a colposcopy diagnosis > HSIL was an
independent risk factor for pathological CIN 2 +in ECC.?
Additionally, acetowhite changes were reported as a risk
factor of positive ECC.?° Our results verify these previous
studies’ findings, and these factors were included as impor-
tant indicators in prediction model construction due to their
strong correlation with positive ECC. Nevertheless, we
found that Lugol’s staining, punctate blood vessels, and
abnormal blood vessels on colposcopy were not associated
with an increased risk of positive ECC.

In the context of primary HPV screening, an increasing
number of people are being referred for colposcopy and ECC
due to positive HPV results. Identifying groups that will
benefit from ECC has become an urgent concern. Previous
studies that attempted to develop predictive models for ECC
in individuals referred for colposcopy,?>° did not incorporate
HPV genotypes as predictors, despite these being the predomi-
nant etiology of cervical cancer. Our study attempted to fill this
gap by developing and validating a predictive model to identify
individuals at high risk of positive ECC in patients with
HR-HPV and enhance the clinical management of ECC proce-
dures. During clinical colposcopic examination of patients with
HR-HPV, clinicians comprehensively chose a wait-and-watch
approach for females at low risk, and referred those at high
risk for ECC with the assistance of an accurate, established
model, thereby reducing unnecessary ECC as well as minimiz-
ing physical and psychological harm. This predictive model has
good recognition and calibration capabilities, and its indicators
are easy to obtain in clinical practice, making the model conve-
nient for clinical application.

This study has several strengths. First, to our knowledge,
no prior study has examined the relationship between specific
HR-HPV genotypes and ECC results. Second, in the context
of primary HPV screening, we are the first to develop and
internally validate a model that optimizes variables for ECC
application in females with HR-HPV infection. Third, the pre-
dictors in the derived model are easy to assess, and the model
can assist in clinical decision-making regarding the necessity
of ECC in females with HR-HPV. However, this study had
some limitations. First, as this was a retrospective study, it
is less effective than a prospective study. Second, although
this study has several advantages, only preliminary sugges-
tions were provided because the focus was on females in
China. Finally, due to limited data, we could not evaluate
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the additional diagnostic role of positive ECC in patients
where diagnosis was missed by biopsy alone.

Conclusions

The additional diagnostic value of ECC in females infected with
HR-HPYV is limited. In the context of primary HPV screening,
we developed an easy-to-use clinical prediction model with
good discrimination and calibration capabilities for patients
with HR-HPV. This model assisted in evaluating the individual
risk of positive ECC and aided clinicians in determining the
necessity of ECC during colposcopy. Thus, the overuse of
ECC can be reduced, and unnecessary physical and psycholog-
ical harm may be minimized. Prospective studies are required to
further explore the efficacy of this model in clinical practice.
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