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Abstract: Quality Control (QC) and Quality Assurance (QA) principles are essential for effective
cervical cancer prevention. Being a crucial diagnostic step, colposcopy’s sensitivity and specificity
improvements are strongly advocated worldwide since inter- and intra-observer differences are the
main limiting factors. The objective of the present study was the evaluation of colposcopy accuracy
through the results of a QC/QA assessment from a survey in Italian tertiary-level academic and
teaching hospitals. A web-based, user-friendly platform based on 100 colposcopic digital images was
forwarded to colposcopists with different levels of experience. Seventy-three participants were asked
to identify colposcopic patterns, provide personal impressions, and indicate the correct clinical prac-
tice. The data were correlated with a panel of experts” evaluation and with the clinical / pathological
data of the cases. Overall sensitivity and specificity with the threshold of CIN2+ accounted for 73.7%
and 87.7%, respectively, with minor differences between senior and junior candidates. Identification
and interpretation of colposcopic patterns showed full agreement with the experts’ panel, ranging
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from 50% to 82%, in some instances with better results from junior colposcopists. Colposcopic
impressions correlated with a 20% underestimation of CIN2+ lesions, with no differences linked to
level of experience. Our results demonstrate the good diagnostic performance of colposcopy and
the need for improving accuracy through QC assessments and adhesion to standard requirements
and recommendations.

Keywords: colposcopy; QC; QA; colposcopy sensitivity; diagnostic accuracy; cervical cancer prevention;
CIN; SIL; colposcopy standards

1. Introduction

Colposcopy represents the recommended second-level procedure for the assessment
of the uterine cervix as part of a cervical cancer screening program; it is indicated following
the detection of primary test positivity according to specific guidelines, and its main
objective is the early detection of high-grade cervical intraepithelial neoplasia (CIN2+) [1,2].
Colposcopic observation thus relies on the visual interpretation of macroscopic changes in
color and morphology of the genital mucosae and on the correlation of specific patterns
with different degrees of cervical disease. According to this intrinsic aspect of the procedure,
colposcopy carries the cost of significant observer-dependent performance and thus the
risk of lacking sensitivity and accuracy.

The performance of the exam is fundamental and mainly depends upon three steps:
the identification of the squamocolumnar junction (SCJ), the correct assessment of the Trans-
formation Zone (TZ) and the decision to take a biopsy/biopsies in the most appropriate
cervical area.

Although colposcopy plays a fundamental role in the prevention of cervical cancer as it
allows the identification, treatment, and/or follow-up of pre-cancer lesions, the accuracy of
the procedure is largely influenced by a high degree of subjectivity and low reproducibility.
This may lead to high rates of severe lesions under diagnosis or even cancer under detection.
In this view, Artificial Intelligence (AI) may represent a promising option to overcome
this limitation.

Colposcopy performance has been largely investigated and reported in different
settings and different geographic areas [3-5]; almost all published data are consistent in
reporting a large variability in terms of both sensitivity and specificity, with values ranging
from 30% to 90% and from 40% to 95%, respectively. In this view, the colposcopic impression
(CI), based on the detailed identification and interpretation of the different aspects of the
TZ, represents the major issue, being closely correlated with the operator’s decision to
perform a targeted biopsy [6,7] and the success of the cervical cancer prevention strategy.

In the last few years, the application of Quality Control (QC) and Quality Assurance
(QA) principles to assess the accuracy and performance of colposcopy has been advocated
as of pivotal importance and is a strong recommendation worldwide [8-13].

The present study aims, through the multicentric involvement of major Italian teaching
and academic gynecological institutions, to investigate the accuracy and quality assessment
of colposcopy and, consequently, to determine the performance of operators with different
levels of expertise in the field. In particular, the study was designed to assess the probability
for a patient with a histologically confirmed cervical lesion of being incorrectly managed
through the colposcopic workup (e.g., under detection of significant TZ alterations, not
having a biopsy performed, or having a biopsy in an incorrect site). The secondary objec-
tive of the study was the development of a user-friendly online platform where Quality
Control of colposcopy could be easily achieved and that could potentially be proposed and
promoted for a nationwide QC and QA program.
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2. Materials and Methods

One hundred (n. 100) colposcopic digital images were selected by a panel of ex-
perts among a large database of clinical cases with a comprehensive dataset of patients’
demographic information, clinical history, cytological, virological (HPV-DNA detection),
and pathological data. In particular, 35 were histologically negative (or without any type
of lesion), 34 were low-grade lesions (HPV or CIN1), 24 were high-grade lesions (CIN2,
CINS3, or in situ carcinoma), and 7 were pathologically proven invasive squamous or
adenocarcinoma.

Images were deliberately identified when an objectively “difficult” colposcopic pattern
was present. Nevertheless, the quality and resolution of all images, complete visibility of
the entire cervix, absence of mucus/blood, and good representation of normal/abnormal
colposcopic patterns were always identifiable; randomly selected images are illustrated as
examples in Figures 1-3.

Figure 1. Fully visible SC]—G2—biopsy indicated.

Figure 2. Fully visible SC]—G2—Dbiopsy indicated.
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Figure 3. Fully visible SCJ—G2—Dbiopsy indicated.

The experts’ panel, for each single case, identified and recorded the following items:
(1) assessment of colposcopic patterns according to the 2011 International Federation of
Cervical Pathology and Colposcopy (IFCPC) nomenclature [14] and the 2017 American
Society of Colposcopy and Cervical Pathology (ASCCP) terminology proposal [15]; (2) col-
poscopic impression, categorized as (2.1) negative, (2.2) favour low-grade lesion (Human
Papillomavirus infection—Cervical Intraepithelial Neoplasia grade 1 CIN1), (2.3) favor
high-grade lesion (Cervical Intraepithelial Neoplasia grade 2-3 CIN2+ or in situ squa-
mous/adenocarcinoma), (2.4) favor malignant lesion (invasive squamous carcinoma or
adenocarcinoma); (3) indication for taking a single biopsy or up to a maximum of 3 biopsies;
and (4) the most appropriate area to be biopsied.

By the use of Qualtrix XM® software (2022 version) (www.qualtrics.com), an online
platform was developed, either loggable via personal computers, tablets, or smartphones;
following log-in, the application delivered the colposcopic digital high-resolution images
integrated by a caption with details about the patient’s age and primary screening results
(cervical cytology and/or HPV-DNA detection), and a set of questions focused on: (1) squamo-
columnar junction (SCJ) interpretation; (2) Transformation Zone (TZ) assessment; (3) biopsy
indication; (4) areas suitable for performing biopsy; and (5) colposcopic impression.

The web link to the platform was forwarded to 10 academic and teaching Ob/Gyn
Italian institutions, all having tertiary-level preventive oncological gynecology units, invit-
ing colposcopy operators to anonymously attend the survey, detailing their respective
level of expertise (<5 years vs. >5 years of colposcopy practice). Almost all juniors were
residents/fellows of the participating institutions. The workload to complete the exam
was anticipated to be at least 90 min according to the survey’s characteristics, and it had
to be finished in a single slot; at the end, each participant was provided with a final score
but was not informed of the rate of correct/incorrect answers or the specification of the
correct/incorrect ones. After completion of the test, the same could not be performed again
because the platform credentials were no longer valid to log in to the application.

Data were collected, centralized, and recorded by the promoting investigators and
analyzed using the R statistical software (www.r-project.org); participants responses to
the test were compared with those of the committee and analyzed with those of vari-
ables treated as categorical. Pearson’s chi-squared test (with Yates” continuity correction)
and Cohen’s kappa coefficient of agreement (95% Cl intervals) were used to estimate the
strength of associations; a p value < 0.05 was considered statistically significant, with kappa
0.60-0.80 indicating substantial agreement among observers [16,17]. The study design,
methodology, and results were approved by the Scientific Committee of the Italian Society
of Colposcopy and Cervico-Vaginal Pathology (SICPCV).
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3. Results

The survey was conducted between January and April 2022 with the participation
of 10 Italian centers: seventy-three (n. 73) colposcopists logged in to the web platform,
56 (76.7%) of them completing the whole test, and 17 (23.3%) only partially. The mean
completion rate of the test for this latter subgroup of participants was 49%. The overall
number of colposcopic observations/interpretations accounted for a total of 6155, upon
which the survey has been performed. According to the level of colposcopic experience
and practice, 27 (37%) participants reported a < 5 year practice in colposcopy (juniors) and
46 (63%) a personal experience > 5 years (seniors). No data were available regarding the
number /year of colposcopies performed by participants.

The first part of the results analysis was primarily targeted at the identification of
some intrinsic features of colposcopy, with the aim of evaluating the diagnostic accuracy
and QC of the second-level colposcopy-based cervical cancer prevention workup. The
overall analysis of the survey data in terms of colposcopy accuracy provided sensitivity and
specificity rates of 61.6% and 77.1%, respectively; according to colposcopists’ experience,
sensitivity was 60.6% for seniors and 62.0% for juniors, while specificity was 76.7% and
77.4%, respectively. Considering the histology threshold of CIN2+, specificity increased to
87.7% (seniors 86.2% vs. juniors 88.6%).

In details, sensitivity increased from 60.9% in low-grade cases (HPV or CIN1) to
73.7% in high-grade cases (CIN2+); no statistically significant differences were obtained
comparing seniors vs. juniors’ rates of sensitivity (Table 1).

Table 1. Diagnostic accuracy of colposcopy.

Experience in Colposcopy

Histology All
Seniors Juniors
HPV or CIN 1 60.9% 56.8% 63.4%
CIN2-CIN 3 63.9% 64.9% 62.3%
sensitivity Cancer 47.9% 47.3% 48.3%
CIN 2+ 73.7% 73.5% 73.9%
overall 61.6% 60.6% 62.0%
specificit Negative 77.1% 76.7% 77.4%
P y HPV or CIN 1 87.7% 86.2% 88.6%

Despite lacking statistical significance, senior colposcopists sensitivity was always
inferior compared to juniors, with the only exception of CIN2-CIN3 cases (64.9% vs. 62.3%);
when cancer cases were added to CIN2-CIN3 in a single analysis, the sensitivity rates of
the two subgroups of colposcopists were closely comparable (73.5% vs. 73.9%). As for
specificity, juniors” performance was again superior.

Table 2 shows the results according to the squamocolumnar junction (SCJ) evaluation,
with the adoption of the 2011 IFCPC terminology [14]. Full agreement with the experts’
panel was recorded in 81.2% when a fully visible SCJ was present, in 51.4% in not fully visible
SCJ cases, and in 64.9% in not visible SCJ cases. Comparing seniors with juniors, a significant
statistical difference was observed in not visible SCJ cases only (67.5% vs. 60.7%; p = 0.011).
The Cohen’s kappa correlation coefficient accounted for 0.49 (95% CI: 0.47-0.51) when the
entire group of colposcopists was considered, for 0.49 (95% CI: 0.47-0.52) in the seniors
group, and for 0.48 (95% CI: 0.45-0.51) in junior colposcopists. The highest rate of incorrect
SCJ interpretation was recorded within the not fully visible SC] group, where it accounted
for 48.6%, with no statistical difference between seniors and juniors (48.1% vs. 49.5%).
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Table 2. SCJ assessment (2011 IFCPC terminology [14]).
Experience in Colposco
Experts Panel Colposcopists All P P Py
Seniors Juniors

fully visibile * 81.2% 80.3% 82.6%

fully visibile not fully visibile * 12.9% 13.4% 12.1% p=NS
not visibile 5.9% 6.3% 5.3%
full fully visibile 29.3% 28.2% 31.2%

n‘?t_l;%l y not fully visibile 51.4% 51.9% 50.5% p=NS
vistbrie not visibile 19.3% 19.9% 18.3%
fully visibile 15.2% 12.5% 19.6%

not visibile not fully visibile 19.9% 20% 19.7% p=0.011

not visibile 64.9% 67.5% 60.7%

All colposcopists: p < 2.271%; Cohen'’s kappa correlation coefficient = 0.49 CI 95% [0.47-0.51]. Seniors: p < 2.2716;
Cohen'’s kappa correlation coefficient = 0.49 CI 95% [0.47-0.52]. Juniors: p < 2.271%; Cohen’s kappa correlation
coefficient = 0.48 CI 95% [0.45-0.51]. * block letters = colposcopists vs. panel full agreement; * italics = incorrect
SCJ judgment by colposcopists; SCJ = squamocolumnar junction; NS = not significant.

The same analysis was performed adopting the SCJ] nomenclature proposal suggested
by the American Society of Cervical Pathology and Colposcopy in 2017 [15], which di-
vided the SCJ into two colposcopic categories only: fully visible and not fully visible. Full
agreement with the experts increased to 75% in the not fully visible SCJ subgroup, with a sta-
tistically significant difference between seniors and juniors (77.1% vs. 72.8%, respectively;
p = 0.011). The Cohen’s kappa concordance coefficient also increased from 0.49 to 0.57 (95%
CI: 0.54-0.59) for the whole set of participants, from 0.49 to 0.57 (95% CI: 0.55-0.60) for the
seniors, and from 0.48 to 0.56 (95% CI: 0.52-0.59) for the juniors group. Table 3 summarizes
these results.

Table 3. SCJ assessment (ASCCP 2017 Nomenclature [15]).

Experience in Colposcopy

Experts Panel Colposcopists All
Seniors Juniors
. fully visible # 81.2% 80.3% 82.6% _
fully visible not fully visibile * 18.8% 19.7% 17.4% p=NS
o, fully visible 24.6% 22.9% 27.2% _
not fully visible ¢ ¢ully visibile 75.4% 77.1% 728%  P=00U

All colposcopists: p < 2.2716; Cohen'’s kappa correlation coefficient = 0.57 CI 95% [0.54-0.59]. Seniors: p < 2.2716;
Cohen'’s kappa correlation coefficient = 0.57 CI 95% [0.55-0.60]. Juniors: p < 2.271%; Cohen’s kappa correlation
coefficient = 0.56 CI 95% [0.52-0.59]. # block letters = colposcopists vs. panel full agreement; * italics = incorrect
SCJ judgment by colposcopists; SCJ = squamocolumnar junction; NS = not significant.

Table 4 shows the results regarding colposcopists” interpretation of the Transformation
Zone (TZ) compared with the experts’ panel.

Full agreement was observed in 73.2% of Type 1, 53.8% of Type 2, and 66.7% of Type 3
TZ cases; within each group of TZ, a statistically significant difference was demonstrated
comparing seniors to juniors: in particular, Type 1 and Type 2 TZ were better identified by
junior colposcopists (79% vs. 69.5% and 55.9% vs. 52.3%, respectively; p < 0.05), while Type
3 TZ was significantly better identified by seniors (71.7% vs. 58.3%; p < 0.05).

In this analysis, the highest rate of incorrect interpretation was identified in senior
colposcopists evaluating Type 2 TZ cases (47.7%), while the lowest rate was recorded in
juniors” evaluation of Type 1 TZ (21%).
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Table 4. TZ assessment.

Experience in Colposcopy

Experts Panel Colposcopists All

Seniors Juniors
Type1* 73.2% 69.5% 79%
Type 1 Type 2 * 20.1% 22.3% 16.7% p=1.029"8
Type 3 6.7% 8.2% 4.3%
Type 1 26.2% 23.7% 30%
Type 2 Type 2 53.8% 52.3% 55.9% p=7.006"8
Type 3 20% 24% 14.1%
Type 1 11.1% 9.1% 14.5%
Type 3 Type 2 22.2 % 19.2% 27.2% p="758"
Type 3 66.7% 71.7% 58.3%

All colposcopists: p < 2.271%; Cohen'’s kappa correlation coefficient = 0.46 CI 95% [0.45-0.48]. Seniors: p < 2.2716;
Cohen'’s kappa correlation coefficient = 0.46 CI 95% [0.44-0.48]. Juniors: p < 2.271%; Cohen’s kappa correlation
coefficient = 0.47 CI 95% [0.44-0.50]. # block letters = colposcopists vs. panel full agreement; * italics = incorrect
SCJ judgment by colposcopists; TZ = Transformation Zone.

The second part of the survey results analysis was conversely targeted to investi-
gate the accuracy of the colposcopic procedure through the assessment of colposcopic
interpretation of cervical patterns and its influence on the operators’ clinical decisions.

As far as it concerned the assessment of grade (G) of the colposcopic pattern compared
to proven histology, the following results were obtained: full agreement with histology was
achieved in 60.59% of cases with G1/low-grade lesions, in 59.11% of G2/high-grade lesions,
and in 64.64% of colposcopic patterns suspicious for cancer and histologically confirmed
cervical malignancy; these concordance rates can also be seen as PPV of colposcopy.

Interestingly, 5.05% and 19.26% of cases with a histologically proven CIN2+ were
categorized as colposcopically negative or G1 by participants, respectively.

On the other hand, overestimation of the colposcopic pattern reached the highest rate
in histologically proven low-grade lesions (HPV-CIN1), which were classified as G2 in
24.70% of cases (Table 5).

Table 5. Predictive value of colposcopic grade (G).

. Histology
Colposcopic Grade
Negative HPVorCIN1 CIN2-CIN 3 Cancer
Negative 76.25% * 18.70% 4.21% 0.84%
Gl 20.15% 60.59% 17.97% 1.29%
G2 4.70% 24.70% 59.11% 11.49%
Cancer 1.52% 3.05% 30.79% 64.64%

Pearson’s chi-squared test: p < 2.271%; Cohen’s kappa correlation coefficient = 0.49 CI 95% [0.47-0.51]. * NPV; block
letters = colposcopists vs. panel full agreement and PPV. G1 = minor colposcopic.

A similar analysis was performed considering the colposcopic impression formulated
by colposcopists compared to histology.

A negative colposcopic impression correlated with a negative histology in 77.9% of
cases, allowing this figure to be seen as NPV. Taking into consideration histologically
confirmed high-grade lesions (CIN2-CIN3), which represent the main objective of the
cervical cancer prevention strategy, the colposcopic impression of a high-grade lesion was
correctly formulated by colposcopists in 59.4% of cases.

When cancer cases were added to CIN2/CIN3, the PPV of a high-grade lesion colpo-
scopic impression increased to 70.5%.

The PPV of a colposcopic impression suspicious for cancer was 64.4% (p < 0.05; Cohen’s
kappa correlation coefficient = 0.51; 95% CI: [0.50-0.53]) (Table 6).
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Table 6. Predictive value of colposcopic impression (CI).
. . Histology
Colposcopic Impression
Negative HPV or CIN1 CIN2-CIN3 Cancer
Negative 77.9% * 18.5% 3% 0.6%
LG 18.8% 60% 19.7% 1.5%
HG 4.5% 25% 59.4% * 11.1%
Cancer 1.2% 6.5% 27.9% 64.4% "~

Pearson’s chi-squared test: p < 2.2716; Cohen’s kappa correlation coefficient = 0.51—CI 95% [0.50~0.53].
* NPV = Negative Predictive Value; # PPV = Positive Predictive for CIN2-CIN3; ® PPV = Positive Predictive Value
for cancer; LG = low-grade lesion; HG = high-grade lesion.

Directly correlated with the colposcopic impression and the G assessments, colpo-
scopists were asked to indicate the need for taking biopsy/biopsies and the cervical site
they thought was the most appropriate for histological confirmation; biopsies were per-
formed in 3404 cases out of 6155 in the case of the experts panel (55%), and in 3482 cases
out of 6155 (56%) in the case of candidates. Figures 4-6 illustrate how the biopsy/biopsies
sites were indicated by colposcopists.

Figure 4. A single biopsy is indicated (correct site).

Figure 5. Multiple biopsies indicated (correct sites).
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Figure 6. A single biopsy is indicated (correct site).

According to colposcopists experience, junior colposcopists performed biopsies in
52.7% of the whole set of cases, while more experienced operators performed them in 59%.
Biopsies were omitted in 96.8% of cases evaluated by colposcopists as negative, in 30.4%
of cases evaluated as LG lesion, in 2.1% of cases evaluated as HG lesion, and in 0.3% of
cases evaluated as neoplasia. Furthermore, it was observed that as the degree of the lesion
increased, the number of biopsies consistently increased; more than one single biopsy was
reported in 12.6% of cases with a colposcopic impression of LG, in 52.5% of cases of HG,
and in 82.5% of cases with a colposcopic impression of cancer.

The correct site for performing biopsies was recognized in 58.9%, 77.3%, and 91.7% of
histologically proven LG lesions (HPV-CIN1), HG lesions (CIN2-CIN3), and cervical cancer,
respectively, while an incorrect site was indicated in 16.8%, 13.6%, and 5.3%.

Noteworthy, non-biopsy rates accounted for 24.3% of HPV-CIN1 cases and for 12.1%
of CIN2+ cases (p < 0.05) (Table 7).

Table 7. Biopsy decision.

Histology
Negative HPVorCIN1  CIN2-CIN 3 Cancer
not performed 58.6% 24.3% 9.1% 3.0%
biopsy yes, wrong site 1.7% 16.8% 13.6% 5.3%
yes, correct site 39.7% 58.9% 77.3% 91.7%

Pearson’s chi-squared test: p <2.2716.

Moreover, when the analysis focused on the subgroup of cases having a CIN2+ proven
histology and a colposcopic impression of LG lesion expressed by colposcopists, the correct-
ness of biopsy performance was significantly influenced by experience: junior colposcopists
had a higher non-biopsy rate (20% vs. 10.1%), while seniors had a higher rate of correctly
performed biopsies (73.9% vs. 66.9%) (p < 0.05) (Table 8).
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Table 8. Underestimation of colposcopic impression vs. biopsy decision.
. Experience in Colposcopy
Biopsy
All Seniors Juniors
. not performed 13.6% 10.1% 20%
Ianl; S;lggzcs\gﬁ yes, wrong site 15% 16% 13.1%
CHST2+ histology yes, correct site 71.4% 73.9% 66.9%

p=0013

LG = low-grade lesion.

4. Discussion

As colposcopy is a fundamental step as part of screening programs for the detection
of pre-cancer cervical lesions, the success of the preventive strategy entirely depends on
the diagnostic accuracy of the procedure. The assessment of colposcopy accuracy, in other
words, the QC and QA processes, requires figures of the highest reliability in order to
correctly evaluate the performance and effectiveness of colposcopic practice or to promote
changes in standard requirements for operators.

This practical need deals with the objective issue of the very wide range of colposcopy
accuracy figures available in the literature; meta-analysis studies have been published with
the aim of providing statistically credible data to be used as comparison or reference values,
thus allowing effective QC and QA processes in clinical practice. As an example, the most
recently published meta-analysis, based on 15 studies and 22,764 cases, reports a combined
sensitivity and specificity of 92% and 51% for a LG-SIL+ threshold and of 68% and 93%,
respectively, for a HG-SIL+ threshold [18].

Unfortunately, data obtained in this fashion suffers from the significant bias of in-
cluding papers with different study designs that influence the outcome reported; widely
different figures are in fact reported depending on how the outcome of colposcopy is
evaluated. Some studies investigate colposcopy outcome based upon the Colposcopic
Impression (CI) that a CIN2+ is present; others evaluate the outcome on taking a biopsy
because there is thought to be a Disease Present (DP), with the threshold of DP usually
being a CIN1+. For this reason, the outcome measures have a significant effect on accuracy
evaluation [19], indicating wide differences in both sensitivity and specificity.

That said, the present study, due to its main object of investigating and analyzing the
performance of colposcopy mostly in terms of the QC of colposcopists and of the procedure,
has to be seen as Cl-based. Thereafter, the reported results are mainly discussed and
compared with similar literature data. Nevertheless, some DP-based outcome assessments
have been possible and are similarly discussed and compared.

The combined CI sensitivity and specificity (CIN2+ threshold) values obtained from
the survey were 73.7% and 87.7%, respectively (see Table 1), with no statistically significant
differences between senior and junior colposcopists; in general, this can be seen as a
favorable result of the teaching programs of the involved institutions. These figures,
compared with previous reviews [7,20], may be placed above weighted mean values for
sensitivity and fully comparable with weighted mean values for specificity. Being the
QC of Italian colposcopy/colposcopists the major objective of the study, these figures,
together with the absence of significant differences between juniors and seniors, in our
opinion, allow a more than satisfactory general evaluation of the colposcopy/colposcopists
performance. The strength of this impression may further be supported considering the
difficulty of the survey and the workload required of attendants.

This is particularly interesting in consideration of the experience level of the partici-
pants: since junior colposcopists performance accounted for better accuracy in each subset
of thresholds, though without statistical significance, this may either reflect the good quality
of the teaching programs in the institutions surveyed or the need for senior colposcopists
to consider some kind of self-improvement.

In terms of potential methodological biases, the use of static digital images of the cervix
versus live colposcopy to assess the diagnostic accuracy and to perform QC evaluations,
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does not represent a limitation concerning the reliability of the sensitivity /specificity figures;
as reported by Liu [21], recognitions of colposcopic patterns and colposcopic impression
formulated on live colposcopy are reproducible on static digital images with high levels of
agreement. Moreover, the use of a web-based program of digital colpophotographs, though
with the different aim of assessing the accuracy of colposcopically directed biopsies, has
already been proposed in Italy and demonstrated effective for QA purposes [9,22-24].

Regarding the results specifically directed to QC of colposcopists, we observed full
agreement with the experts panel for the SCJ evaluation, following the 2011 IFCCP termi-
nology [14], in 82.2% of fully visible SCJs, in 51.4% of not fully visible SC]Js, and in 64.9% of
not visible SCJs; in this analysis, a statistically significant difference was observed between
seniors (67.5%) versus juniors (60.7%) for the not visible SCJ subgroup (p = 0.01).

When SCJ was categorized following the 2017 ASCCP proposal [15], grouping the
not fully visible and the not visible SCJ into one single category named not fully visible,
full agreement with the experts increased to 75.4%, still having a statistically significant
difference between seniors (77.1%) and juniors (72.8%) (p = 0.01).

Comparable comments can be made as far as it concerns the Transformation Zone
(TZ): full agreement with the expert panel was achieved in 73.2%, 53.8%, and 66.7% of Type
1, Type 2, and Type 3 (2011 IFCPC terminology) [14], respectively; statistically significant
differences were present between seniors and juniors for all three categories (see Table 4).
The lowest rate of agreement for both SCJ visibility and the type of the TZ was recorded in
the intermediate category.

Several authors have addressed the issue and the practical implications of adopting
uniform and standardized colposcopy terminology, underlining the importance and ac-
curacy improvement of the procedure when precise definitions of cervical patterns are
widely utilized in clinical practice. In this view, the 2011 IFCPC terminology has repre-
sented a significant step forward in terms of colposcopy accuracy, having demonstrated
better correlation with histology compared to traditional methods [25]. Despite that, the
SCJ/TZ parameters have been repeatedly identified as the weak side of the process, as the
intermediate categories, namely the not fully visible SCJ and the Type 2 TZ, were always
associated with the lowest grade of accuracy and reproducibility [26,27].

Our results consistently confirm this analysis and support the 2017 ASCPC proposal,
detailing a significant increase in accuracy when a two-tailed classification of the SCJ is
adopted, as recently published articles report [15,28].

The analysis of the grade of the TZ (G) and of the colposcopic impression compared
with histology allows some comments that, in our opinion, are particularly interesting in
terms of providing accuracy figures having both QC and QA meanings.

In terms of minor/major acetic acid alterations, full agreement was achieved in 76.25%
(negative), 60.59% (G1), 59.11% (G2), and 64.64% (cancer suspicious). It is noteworthy that a
negative interpretation and a G1 interpretation underestimated 5.05% and 19.26% of CIN2+
histologically proven lesions, respectively (Table 5).

As far as it concerned the colposcopic impression, a negative impression and a LG
lesion impression underestimated 3.06% and 21.2% of CIN2+ histologically proven lesions,
respectively (Table 6).

The analysis of these figures, performed consistently with the DP (CIN1+ thresh-
old) principles of QA assessment, provided the following results: Overall, overrating the
colposcopic impression was 1.5 times more common than underrating. However, when
histologically proven HG lesions (CIN2-CIN3) were considered, overestimation and un-
derestimation were fully comparable. It is in some way reassuring that only 3.06% of
CIN2+ were considered colposcopically negative. Less reassuring is the detected 21% un-
derestimation rate of CIN2+ lesions that were colposcopically interpreted as LG lesions. In
terms of colposcopy principles, this should not represent a serious issue since an LG lesion
colposcopic impression represents an indication for targeted biopsy, though the option of
non-biopsy is acceptable [29]. Unfortunately, the balancing effect of the targeted biopsy
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in reducing the negative effect of colposcopic underestimation is largely influenced by
real-life practice.

As shown in Table 7, our survey identified a 36.4% non-biopsy rate in histologically not-
negative cases (24.3% of HPV-CINT1, 9.1% of CIN2-CIN3, and 3% of cancers, respectively).
As reported, non-biopsy rates significantly decreased with increasing severity of histology
(p < 0.05). These findings are interestingly consistent with several population-based studies
on colposcopy QA [30,31]. Further, addressing the analysis specifically to cases with a LG
lesion colposcopic impression and a CIN2+ histology, the non-biopsy rate accounted for
13.6%, with a statistically significant difference between seniors and juniors (10.1% vs. 20%)
(p =0.01) (Table 8). It clearly appears that experience in colposcopy plays an important role,
significantly decreasing by 50% the risk of lower CI accuracy.

In parallel, together with the non-biopsy rates, our figures regarding the correctness of
biopsy-taking deserve some comments; correctly performed biopsies accounted for 58.9%
of HPV-CIN1, 77.3% of CIN2-CIN3, and 91.7% of cancers. In our data, the overall amount of
incorrect-site biopsies performed accounted for 16.8% in HPV-CIN1, 13.6% in CIN2-CIN3,
and 5.3% in cancers (p < 0.05%); in the subgroup with an LG lesion colposcopic impression
and CIN2+ histology, a biopsy was correctly performed in 71.4% of cases (seniors 73.9% vs.
juniors 66.9%) (p < 0.05).

As reported by Sideri [9], potential biases can be addressed when the accuracy of
colposcopically targeted biopsy is investigated for QA purposes. Some may favor accuracy
(e.g., the artificial conditions that may facilitate recognition of colposcopic features), while
others may have the opposite effect (e.g., the impossibility of increasing the magnification
and the single-shot chance given to participants). Nonetheless, the overall sensitivity does
not appear to be significantly influenced by these factors.

Despite an overall good performance of the decision-making process for taking a
colposcopically targeted biopsy, our results provide another confirmation that the sensitivity
of biopsy for HG lesions is a justified concern; a large amount of data are available on the
subject, consistently pointing to the need for improving options [5,32-35]. Colposcopists’
experience, though with marginal differences, has consistently been identified as positively
influencing colposcopy accuracy [36,37].

Being cervical pre-cancer lesions detection the primary objective of colposcopy within
cervical cancer screening programs, results from the present QC and QA assessments of
colposcopy in Italy suggest some final considerations: (a) the overall sensitivity /specificity
figures are in agreement with, and in some aspects better than, the mean figures reported by
meta-analysis; (b) underestimation of colposcopy is particularly relevant when a LG lesion
colposcopic impression is formulated; (c) the recommendation of taking a colposcopically
targeted biopsy in cases of LG lesion colposcopic impression is justified by the rate of missed
CIN2+ cases; (d) the low rate of statistically significant differences between experienced
and junior colposcopists allows a favorable judgment of teaching programs; and (e) the
need for continuous update, improvement, and QC of colposcopists is recommendable.
In conclusion, the authors of the present article strongly believe that the adoption of
colposcopy standards and quality recommendations by scientific societies is a fundamental
step for effective cervical cancer prevention [10-13,29].

Author Contributions: Conceptualization, M.O. and F.C.; methodology: M.O., EC., C.M. and L.I;
data curation: M.O., E.C., C.M. and L.I; formal analysis, M.O., EC., C.M. and L.I; investigation, E.C.,
FS.,N.C,AS,B.G,RD.V,CR,EL, M.LDM., AC,]D.G,EP,AD.I, CC., M.D., M.C. (Massimo
Capodanno) and A.P; supervision, M.O. and M.C. (Massimo Candiani); validation, M.O., EC., A.C,,
FS. and M.B.; writing—original draft, M.O., EC., A.C. and ES.; writing—review and editing, M.O.,
F.C., A.C. and ES. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Due to the study design, no ethical approval was required.

Informed Consent Statement: Not applicable.



Diagnostics 2023, 13, 1906 13 of 14

Data Availability Statement: Research data are available on request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Perkins, R.B.; Guido, R.S.; Castle, P.E.; Chelmow, D.; Einstein, M.H.; Garcia, F.; Huh, WK,; Kim, ]J.J.; Moscicki, A.; Nayar,
R.; et al. 2019 ASCCP Risk-Based Management Consensus Guidelines for Abnormal Cervical Cancer Screening Tests and Cancer
Precursors. J. Low Genit Tract Dis. 2020, 24, 102-131. [CrossRef] [PubMed]

Perkins, R.B.; Guido, R.L.; Saraiya, M.; Sawaya, G.F.; Wentzensen, N.; Schiffman, M.; Feldman, S. Summary of Current Guidelines
for Cervical Cancer Screening and Management of Abnormal Test Results: 2016-2020. . Womens Health. (Larchmt) 2021, 30, 5-13.
[CrossRef] [PubMed]

Cagle, A.].; Hu, S.Y;; Sellors, ].W.; Bao, Y.P.; Lim, ].M.; Li, S.M.; Lewis, K; Song, Y.; Ma, ].F,; Pan, Q.].; et al. Use of an expanded
gold standard to estimate the accuracy of colposcopy and visual inspection with acetic acid. Int. J. Cancer 2010, 126, 156-161.
[CrossRef] [PubMed]

Massad, L.S.; Jeronimo, J.; Schiffman, M.; National Institutes of Health/ American Society for Colposcopy and Cervical Pathology
(NIH/ASCCP) Research Group. Interobserver agreement in the assessment of components of colposcopic grading. Obstet.
Gynecol. 2008, 111, 1279-1284. [CrossRef] [PubMed]

Gage, ].C.; Hanson, V.W.; Abbey, K.; Dippery, S.; Gardner, S.; Kubota, J.; Schiffman, M.; Solomon, D.; Jeronimo, J.; ASCUS LSIL
Triage Study (ALTS) Group. Number of cervical biopsies and sensitivity of colposcopy. Obstet. Gynecol. 2006, 108, 264-272.
[CrossRef]

Zuchna, C.; Hager, M.; Tringler, B.; Georgoulopoulos, A.; Ciresa-Koenig, A.; Volgger, B.; Widschwendter, A.; Staudach, A.
Diagnostic accuracy of guided cervical biopsies: A prospective multicenter study comparing the histopathology of simultaneous
biopsy and cone specimen. Am. J. Obstet. Gynecol. 2010, 203, 321.e1-321.e6. [CrossRef]

Underwood, M.; Arbyn, M.; Parry-Smith, W.; De Bellis-Ayres, S.; Todd, R.; Redman, C.W.E.; Moss, E.L. Accuracy of colposcopy-
directed punch biopsies: A systematic review and meta-analysis. BJOG 2012, 119, 1293-1301. [CrossRef]

Benedet, J.L.; Anderson, G.H.; Matisic, ].P.; Miller, D.M. A quality-control program for colposcopic practice. Obstet. Gynecol. 1991,
78, 872-875.

Sideri, M.; Garutti, P; Costa, S.; Cristiani, P.; Schincaglia, ; Sassoli de Bianchi, P.; Naldoni, C.; Bucchi, L. Accuracy of Colposcopi-
cally Directed Biopsy: Results from an Online Quality Assurance Programme for Colposcopy in a Population-Based Cervical
Screening Setting in Italy. Biomed. Res. Int. 2015, 2015, 614035. [CrossRef]

Mayeaux, E.J.].; Novetsky, A.P.; Chelmow, D.; Garcia, F.; Choma, K.; Liu, A.H.; Papasozomenos, T.; Einstein, M.H.; Massad, L.S.;
Wentzensen, N.; et al. ASCCP Colposcopy Standards: Colposcopy Quality Improvement Recommendations for the United States.
J. Low Genit Tract Dis. 2017, 21, 242-248. [CrossRef]

Waxman, A.G.; Conageski, C.; Silver, M.L; Tedeschi, C.; Stier, E.A.; Apgar, B.; Huh, WK.; Wentzensen, N.; Massad, L.S.; Khan,
M.J.; et al. ASCCP Colposcopy Standards: How Do We Perform Colposcopy? Implications for Establishing Standards. J. Low
Genit Tract Dis. 2017, 21, 235-241. [CrossRef]

Moss, E.L.; Redman, CW.E.; Arbyn, M.; Dollery, E.; Petry, K.U.; Nieminen, P.; Myerson, N.; Leeson, S.C. Colposcopy training and
assessment across the member countries of the European Federation for Colposcopy. Eur. J. Obstet. Gynecol. Reprod. Biol. 2015,
188, 124-128. [CrossRef]

Moss, E.L.; Arbyn, M.; Dollery, E.; Leeson, S.; Petry, K.U.; Nieminen, P.; Redman, C.W.E. European Federation of Colposcopy
quality standards Delphi consultation. Eur. J. Obstet. Gynecol. Reprod. Biol. 2013, 170, 255-258. [CrossRef]

Bornstein, J.; Bentley, J.; Bosze, P; Girardi, F.; Haefner, H.; Menton, M.; Perrotta, M.; Prendiville, W.; Russell, P.; Sideri, M.; et al.
2011 colposcopic terminology of the International Federation for Cervical Pathology and Colposcopy. Obstet. Gynecol. 2012, 120,
166-172. [CrossRef]

Khan, M.].; Werner, C.L.; Darragh, T.M.; Guido, R.S.; Mathews, C.; Moscicki, A.; Mitchell, M.M.; Schiffman, M.; Wentzensen,
N.; Massad, L.S.; et al. ASCCP Colposcopy Standards: Role of Colposcopy, Benefits, Potential Harms, and Terminology for
Colposcopic Practice. J. Low Genit Tract Dis. 2017, 21, 223-229. [CrossRef]

Gardner, M.; Altman, D. Statistics with Confidence. Confidence Intervals and Statistical Guidelines; BMJ Books: London, UK, 1989.
Landis, J.R.; Koch, G.G. The measurement of observer agreement for categorical data. Biometrics 1977, 33, 159-174. [CrossRef]
Qin, D.; Bai, A.; Xue, P; Seery, S.; Wang, J.; Mendez, M.].G.; Li, Q.; Jiang, Y.; Qiao, Y. Colposcopic accuracy in diagnosing
squamous intraepithelial lesions: A systematic review and meta-analysis of the International Federation of Cervical Pathology
and Colposcopy 2011 terminology. BMC Cancer 2023, 23, 187. [CrossRef]

Brown, B.H.; Tidy, ].A. The diagnostic accuracy of colposcopy—A review of research methodology and impact on the outcomes
of quality assurance. Eur. J. Obstet. Gynecol. Reprod. Biol. 2019, 240, 182-186. [CrossRef]

Mitchell, M.E; Schottenfeld, D.; Tortolero-Luna, G.; Cantor, S.B.; Richards-Kortum, R. Colposcopy for the diagnosis of squamous
intraepithelial lesions: A meta-analysis. Obstet. Gynecol. 1998, 91, 626-631. [CrossRef]

Liu, A.H.; Gold, M. A ; Schiffman, M.; Smith, KM.; Zuna, R.E.; Dunn, S.T.; Gage, ].C.; Walker, ].L.; Wentzensen, N. Comparison
of Colposcopic Impression Based on Live Colposcopy and Evaluation of Static Digital Images. J. Low Genit Tract Dis. 2016, 20,
154-161. [CrossRef]


https://doi.org/10.1097/LGT.0000000000000525
https://www.ncbi.nlm.nih.gov/pubmed/32243307
https://doi.org/10.1089/jwh.2020.8918
https://www.ncbi.nlm.nih.gov/pubmed/33464997
https://doi.org/10.1002/ijc.24719
https://www.ncbi.nlm.nih.gov/pubmed/19585573
https://doi.org/10.1097/AOG.0b013e31816baed1
https://www.ncbi.nlm.nih.gov/pubmed/18515509
https://doi.org/10.1097/01.AOG.0000220505.18525.85
https://doi.org/10.1016/j.ajog.2010.05.033
https://doi.org/10.1111/j.1471-0528.2012.03444.x
https://doi.org/10.1155/2015/614035
https://doi.org/10.1097/LGT.0000000000000342
https://doi.org/10.1097/LGT.0000000000000336
https://doi.org/10.1016/j.ejogrb.2015.03.012
https://doi.org/10.1016/j.ejogrb.2013.06.032
https://doi.org/10.1097/AOG.0b013e318254f90c
https://doi.org/10.1097/LGT.0000000000000338
https://doi.org/10.2307/2529310
https://doi.org/10.1186/s12885-023-10648-1
https://doi.org/10.1016/j.ejogrb.2019.07.003
https://doi.org/10.1097/00006250-199804000-00029
https://doi.org/10.1097/LGT.0000000000000194

Diagnostics 2023, 13, 1906 14 of 14

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Garutti, P; Cristiani, P.; Fantin, G.P,; Sopracordevole, F; Costa, S.; Schincaglia, P.; Ravaioli, A.; Sassoli de Bianchi, P.; Naldoni, C.;
Ferretti, S.; et al. Interpretation of colposcopy in population-based cervical screening services in north-eastern Italy: An online
interregional agreement study. Eur. J. Obstet. Gynecol. Reprod. Biol. 2016, 206, 64-69. [CrossRef] [PubMed]

Bucchi, L.; Cristiani, P.; Costa, S.; Schincaglia, P.; Garutti, P; Sassoli de Bianchi, P.; Naldoni, C.; Olea, O.; Sideri, M. Rationale and
development of an on-line quality assurance programme for colposcopy in a population-based cervical screening setting in Italy.
BMC Health Serv. Res. 2013, 13, 237. [CrossRef] [PubMed]

Cristiani, P.; Costa, S.; Schincaglia, P.; Garutti, P.; de Bianchi, P.S.; Naldoni, C.; Sideri, M.; Bucchi, L. An online quality assurance
program for colposcopy in a population-based cervical screening setting in Italy: Results on colposcopic impression. J. Low Genit
Tract Dis. 2014, 18, 309-313. [CrossRef] [PubMed]

Rema, PN.; Mathew, A.; Thomas, S. Performance of colposcopic scoring by modified International Federation of Cervical
Pathology and Colposcopy terminology for diagnosing cervical intraepithelial neoplasia in a low-resource setting. S. Asian J.
Cancer 2019, 8, 218-220. [CrossRef] [PubMed]

Fan, A.; Wang, C.; Zhang, L.; Yan, Y.; Han, C.; Xue, F. Diagnostic value of the 2011 International Federation for Cervical Pathology
and Colposcopy Terminology in predicting cervical lesions. Oncotarget 2018, 9, 9166-9176. [CrossRef]

Li, Y;; Duan, X; Sui, L.; Xu, F; Xu, S.; Zhang, H.; Xu, C. Closer to a Uniform Language in Colposcopy: Study on the Potential
Application of 2011 International Federation for Cervical Pathology and Colposcopy Terminology in Clinical Practice. Biomed.
Res. Int. 2017, 2017, 8984516. [CrossRef]

Garutti, P; Cristiani, P.; Ferretti, S.; Sassoli de Bianchi, P.; Ravaioli, A.; Bucchi, L. The Results of an Italian Quality Assurance
Program Support the New American Society for Colposcopy and Cervical Pathology Recommendations for Colposcopy Practice.
J. Low Genit Tract Dis. 2018, 22, 235-236. [CrossRef]

Redman, C.W.E,; Kesic, V.; Cruickshank, MLE.; Gultekin, M.; Carcopino, X.; Castro Sanchez, M.; Grigore, M.; Jakobsson, M.;
Kuppers, V.; Pedro, A; et al. European consensus statement on essential colposcopy. Eur. J. Obstet. Gynecol. Reprod. Biol. 2021,
256, 57-62. [CrossRef]

Benedet, ].L.; Matisic, J.P.,; Bertrand, M.A. An analysis of 84,244 patients from the British Columbia cytology-colposcopy program.
Guynecol. Oncol. 2004, 92, 127-134. [CrossRef]

Alfonzo, E.; Zhang, C.; Daneshpip, F,; Strander, B. Accuracy of colposcopy in the Swedish screening program. Acta Obstet. Gynecol.
Scand. 2023, 102, 549-555. [CrossRef]

Buxton, E.J.; Luesley, D.M.; Shafi, M.I; Rollason, M. Colposcopically directed punch biopsy: A potentially misleading investigation.
Br. J. Obstet. Gynaecol. 1991, 98, 1273-1276. [CrossRef]

Chappatte, O.A.; Byrne, D.L.; Raju, K.S.; Nayagam, M.; Kenney, A. Histological differences between colposcopic-directed biopsy
and loop excision of the transformation zone (LETZ): A cause for concern. Gynecol. Oncol. 1991, 43, 46-50. [CrossRef]

Moss, E.L.; Hadden, P.; Douce, G.; Jones, PW.; Arbyn, M.; Redman, C.W.E. Is the colposcopically directed punch biopsy a reliable
diagnostic test in women with minor cytological lesions? J. Low Genit Tract Dis. 2012, 16, 421-426. [CrossRef]

Costa, S.; Nuzzo, M.D.; Rubino, A.; Rambelli, V.; Marinelli, M.; Santini, D.; Cristiani, P.; Bucchi, L. Independent determinants of
inaccuracy of colposcopically directed punch biopsy of the cervix. Gynecol. Oncol. 2003, 90, 57-63. [CrossRef]

Bifulco, G.; De Rosa, N.; Lavitola, G.; Piccoli, R.; Bertrando, A.; Natella, V.; Di Carlo, C.; Insabato, L.; Nappi, C. A prospective
randomized study on limits of colposcopy and histology: The skill of colposcopist and colposcopy-guided biopsy in diagnosis of
cervical intraepithelial lesions. Infect. Agent Cancer 2015, 10, 47-49. [CrossRef]

Stuebs, F.A.; Schulmeyer, C.E.; Mehlhorn, G.; Gass, P; Kehl, S.; Renner, S.K.; Renner, S.P.; Geppert, C.; Adler, W.; Hartmann,
A.; et al. Accuracy of colposcopy-directed biopsy in detecting early cervical neoplasia: A retrospective study. Arch. Gynecol.
Obstet. 2019, 299, 525-532. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ejogrb.2016.08.037
https://www.ncbi.nlm.nih.gov/pubmed/27639133
https://doi.org/10.1186/1472-6963-13-237
https://www.ncbi.nlm.nih.gov/pubmed/23809615
https://doi.org/10.1097/LGT.0000000000000017
https://www.ncbi.nlm.nih.gov/pubmed/24886869
https://doi.org/10.4103/sajc.sajc_302_18
https://www.ncbi.nlm.nih.gov/pubmed/31807480
https://doi.org/10.18632/oncotarget.24074
https://doi.org/10.1155/2017/8984516
https://doi.org/10.1097/LGT.0000000000000403
https://doi.org/10.1016/j.ejogrb.2020.06.029
https://doi.org/10.1016/j.ygyno.2003.10.001
https://doi.org/10.1111/aogs.14538
https://doi.org/10.1111/j.1471-0528.1991.tb15401.x
https://doi.org/10.1016/0090-8258(91)90007-R
https://doi.org/10.1097/LGT.0b013e318250acf3
https://doi.org/10.1016/S0090-8258(03)00202-6
https://doi.org/10.1186/s13027-015-0042-9
https://doi.org/10.1007/s00404-018-4953-8

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

