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squamous intraepithelial lesions: a systematic
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Federation of Cervical Pathology

and Colposcopy 2011 terminology

Dongxu Qin'", Anying Bai'f, Peng Xue'", Samuel Seery?, Jiaxu Wang', Maria Jose Gonzalez Mendez®, Qing Li*,
Yu Jiang'" and Youlin Qiao'”

Abstract

Background Colposcopy is an important tool in diagnosing cervical cancer, and the International Federation of Cer-
vical Pathology and Colposcopy (IFCPC) issued the latest version of the guidelines in 2011. This study aims to system-
atically assess the accuracy of colposcopy in predicting low-grade squamous intraepithelial lesions or worse (LSIL+) /
high-grade squamous intraepithelial lesions or worse (HSIL4) under the 2011 IFCPC terminology.

Methods We performed a systematic review and meta-analysis, following the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines. We searched for studies about the performance of colposcopy
in diagnosing cervical intraepithelial neoplasia under the new IFCPC colposcopy terminology from PubMed, Embase,
Web of Science and the Cochrane database. Data were independently extracted by two authors and an overall diag-
nostic performance index was calculated under two colposcopic thresholds.

Results Totally, fifteen articles with 22,764 participants in compliance with the criteria were included in meta-analysis.
When colposcopy was used to detect LSIL+, the combined sensitivity and specificity were 0.92 (95% Cl 0.88-0.95)
and 0.51 (0.43-0.59), respectively. When colposcopy was used to detect HSIL+, the combined sensitivity and specific-
ity were 0.68 (0.58-0.76) and 0.93 (0.88-0.96), respectively.

Conclusion In accordance with the 2011 IFCPC terminology, the accuracy of colposcopy has improved in terms of
both sensitivity and specificity. Colposcopy is now more sensitive with LSIL4 taken as the cut-off value and is more
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specific to HSIL+. These findings suggest we are avoiding under- or overdiagnosis both of which impact on patients’

well-being.
Keywords Colposcopy, Diagnosis, Sensitivity, Specificity

Introduction

Cervical cancer ranks fourth among gynecological malig-
nancies, with 600,000 new cases and 340,000 deaths
worldwide in 2020 [1]. As a vital diagnostic tool and in the
management of cervical cancer, colposcopy has become
more commonly used around the world [2, 3]. However,
colposcopy practice is not yet standardized and to promote
a standardized approach, the International Federation of
Cervical Pathology and Colposcopy (IFCPC) proposed a
series of three terminologies, in 1975, 1990, and 2002. Then
in 2011, the IFCPC nomenclature committee examined
previous IFCPC terminologies and the existing knowledge
before producing the first evidence-based terminology. The
2011 terminology is more comprehensive and was recom-
mended to replace all previous terminologies [4—6]. Indeed,
several studies conducted since 2011 have shown that this
"new" terminology does improve colposcopic accuracy, if
used correctly, and is clinically practicable [7, 8]. However,
very few studies have assessed the 2011 IFCPC terminology
[9] and no one has systematically reviewed the best avail-
able evidence for global communities.

Even though the relatively new IFCPC standard high-
lights the continuous development of colposcopic tech-
nologies and our understanding of colposcopic findings,
the performance of these technologies in diagnosing
squamous intraepithelial lesions varies substantially
[9-11]. Fortunately, a number of technologies have
emerged, such as dynamic spectral image (DSI) [12],
smart phone [13], artificial intelligence [14, 15], and
portable pocket colposcopy [16, 17]. These all help to
provide more sophisticated analysis and therefore more
appropriate diagnoses. However, it remains necessary to
assess colposcopy performance against the gold stand-
ard biopsy. It is important to note that cervical biopsies
take the form of a punch biopsy, endocervical curettage,
or cone biopsy which are all invasive but are also only
performed for colposcopy-based suspected cases. Of
course, most physicians err on the side of caution, but
colposcopy is a subjective process which requires skill
and experience. Indeed, many clinicians and researchers
alike have postulated that a comprehensive synthesis of
the best available evidence would prove useful [18, 19].

In 2017, the American Society for Colposcopy and Cer-
vical Pathology (ASCCP) has organized multiple work-
ing groups to draft colposcopy standards for the United
States [20] After systematically reviewing 18 unique arti-
cles and synthesized knowledge, researchers recognized

that there remains wide variation in both guidance and
quality indicators. Crucially, the sample of studies was
US centric and there have been a number of studies con-
ducted around the world which may provide more gen-
eralizable insights. Therefore, it may be possible to yield
more reliable findings if we assess colposcopic effective-
ness from around the world, according to a set standard.
Here, we systematically review (and meta-analyze) the
evidence to assess the diagnostic performance of col-
poscopy-guided biopsies at different thresholds for the
detection of histologically confirmed cervical intraepi-
thelial neoplasia grade 2 or worse (CIN2+) according to
the 2011 IFCPC terminology.

Materials and methods

The study was developed and completed in compliance
with the PRISMA checklist and the study protocol was
registered in PROSPERO (CRD42021293845).

Data source: search strategy and selection criteria

Relevant articles were identified using a set search strat-
egy implemented in the following databases: PubMed,
Embase, the Cochrane library and Web of Science from
1 January, 2011, to 7 January, 2023. Searching began
in May 2021 with two updated searches conducted in July
2022 and January 2023, before submitting for publication.

Search terms included "uterine cervical neoplasia’,
"squamous intraepithelial lesions", "colposcopy”, "biopsy",
"pathology”, "sensitivity and specificity”". In addition, we
performed a reference list search to ensure all available evi-
dence could be included or at least discussed. The detailed
search strategy has been provided in the Supplementary
materials.

Three thousand thirty-three articles were initially iden-
tified. Articles were included if they met three criteria:
(1) The results of pathological examination were obtained
using punch biopsy, cone biopsy, or hysterectomy speci-
mens; (2) the article included raw data (not just aggre-
gated data) in the form of a table comparing colposcopic
impressions to results from colposcopy-guided biopsy,
with results broken down according to either of the two
independent histopathologic categories: the cervical
intraepithelial lesions (CINs) system consisting of nor-
mal, CIN1, CIN2, CIN3 and cancer, or the LAST system
including normal, low squamous intraepithelial lesions
(LSIL), high squamous intraepithelial lesions (HSIL) and
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cancer; and (3) all results had been determined in accord-
ance with the 2011 IFCPC terminology.

The following studies were excluded: duplicate pub-
lications; reviews; editorials; non-human samples; and
no studies of colposcopy for detecting CINs. Duplicates
were manually removed using Endnote software (version
X9). Two authors independently screened the titles and
abstracts according to these eligibility criteria, and rele-
vant articles for full text were downloaded and reviewed.
Any disagreement was resolved through discussion with
a third author.

Data extraction and risk-of-bias assessment

Two cut-off values were set in this study. First, if colpos-
copy results suggested normal or benign, the patients
were categorized as <LSIL, and if the results were CIN1,
CIN2, CIN3, LSIL, HSIL, or cancer, we categorized
patients as LSIL+. Second, if the colposcopy results of
patients were considered normal, benign, CIN1 or LSIL,
patients were considered <HSIL, and if the results were
CIN2, CIN3, HSIL, or cancer, we considered the patients
as HSIL+. To unify the criteria, we combined CINI,
CIN2, CIN3, LSIL, HSIL, and cancer into LSIL or worse
(LSIL+), and combined CIN2, CIN3, HSIL and cancer
into HSIL or worse (HSIL+). The predictive value of col-
poscopy in diagnosing CINs was based on its accuracy
for detecting HSIL+ (confirmed by histopathology).

Data extraction from eligible articles was performed
by one author, then two independent authors compiled
the data into a standardized table, while the other author
cross-checked the extracted information. Disagreements
were resolved by a third author.

Extracted information included publication vyear,
number of patients, time of recruitment, sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV). If these data were not provided
directly, we back calculated the required values using the
reported data.

Study quality was assessed using the Quality Assessment
of Diagnostic Accuracy Studies (QUADAS-2) [21], which
consists of four domains: 1) patient selection; 2) index test;
3) reference standard; and 4) flow and timing. The first
three domains can also be used to assess applicability. Two
authors independently assessed quality of the included
reports and conflicts were resolved through discussion.
Details of quality assessment can be seen in Figure S1.

Statistical analysis

Sensitivity and specificity estimates, according to differ-
ent cut-off values for colposcopic diagnosis, were calcu-
lated by cross-tabulation. Forest plots were generated
for each test, with the corresponding 95% confidence
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intervals (95% Cls). Pooled estimates for test accuracy
are presented graphically with Summary Receiver-Oper-
ating Characteristic (SROC) curves. Summary points,
area under the receiver operating curve (AUC) with 95%
Cls, and prediction contours are also described. The
risk of publication bias was assessed statistically using a
funnel plot, and egger’s regression test. STATA (version
16.0) and RevMan (version 5.4) were used for all data
analyses.

Results

Study characteristics

A total of 3,033 studies were identified, of which 1312
before 2011 were excluded. Among the remaining 1721
records, 1008 were left behind and 713 were excluded
because of duplication, and 863 were excluded at the ini-
tial screening of abstracts. The remaining 145 full-text
articles were assessed, and a further 130 studies were
excluded for not fulfilling our predetermined inclusion
criteria (Fig. 1). Finally, a total of 15 [7-9, 22—32] articles
with 22,764 participants in compliance with the criteria
were included in the study.

Fifteen studies met the data requirements for meta-
analysis in the <LSIL category compared with LSIL+, and
<HSIL compared to HSIL+. Sensitivity and specificity
were calculated using these two thresholds, independently.
Overall likelihood, SROC curves, sensitivity, specificity, and
AUCs were calculated. Two SROC curves were estimated
using meta-analysis from all ten independent studies’ sensi-
tivity and specificity, which reflect the overall performance
of colposcopy as a diagnostic tool.

Additionally, calculated the AUC results could be used
to compare differences. Table 1 summarizes the demo-
graphic characteristics of the participants in the included
articles. Tables 2 and 3 report the sensitivity, specificity,
and their 95% CI, as well as true positive, true negative,
false positive, and false negative using two thresholds
separately from the 14 included publications, which are
all important indicators of diagnostic accuracy.

Figures 2 present SROCs with prediction and confi-
dence contours and AUC with 95% CI. Figures 3 and 4
present the sensitivity and specificity data with 95% CI
from each study at the different cut-offs reported. Fig-
ure S2 present the Deek’s funnel-based asymmetry test.
The p-value for Deek’ s asymmetry is 0.06, and the egg-
er’s (P=0.064) regression tests likewise were statistically
insignificant, indicating no publication bias.

Pooled performance of colposcopy under two thresholds

When testing colposcopy with a cut-off of LSIL+, the
pooled sensitivity is 0.92 (95% CI 0.88-0.95), the pooled
specificity is 0.51 (95% CI 0.43-0.59), summary SROC
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Records identified (n = 3033):
738 from PubMed

1490 from Web of Science
764 from Embase

41 from Cochrane
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A4

v
Records identified (n = 1721):

Articles before 2011 were excluded (n = 1312):
PubMed (n=393)
Web of Science (n = 660)
Embase (n =232)
Cochrane (n =27)

345 from PubMed
830 from Web of Science
532 from Embase
14 from Cochrane

Records after duplicates removed
(n=1008)

A4

Full-text articles accessed for

Records excluded by screening title and abstract (n = 863):

Cochrane (n=4)
PubMed (n = 58)
Web of Science (n = 445)
Embase (n=356)

eligibility
(n=145)

Full-text articles excluded (n=130):
Criteria used are not 2011 IFCPC (n=65)
Lack of raw data for analysis (n=62)
Duplicate data (n=3)

Studies included in quantitative
synthesis (meta-analysis)
(n=15)

Fig. 1 Selection and inclusion process of included studies

analysis confirmed the ability of colposcopy in distin-
guishing <LSIL from LSIL+, with a mean (SE) AUC of
0.82 (95% CI 0.78-0.85). I? of sensitivity is 96.27%, of
specificity is 99.21%. When testing colposcopy with a
cut-off of HSIL+, the pooled sensitivity is 0.68 (95% CI
0.58-0.76), the pooled specificity is 0.93 (95% CI 0.88—
0.96), summary SROC analysis confirmed the ability of
colposcopy in distinguishing <HSIL from HSIL+, with
a mean (SE) AUC of 0.89 (95% CI 0.86-0.91). I? of sen-
sitivity is 98.04%, of specificity is 99.21%.

Discussion

This study aimed to assess the accuracy of colposcopy
based on histopathologic findings according to the 2011
IFCPC terminology, which might be helpful to generate

generalizable findings by synthesizing evidence from
studies using the same terminology around the world.
We systematically reviewed (and meta-analyzed) evi-
dence to assess the performance of colposcopy at differ-
ent thresholds. Our results suggest that the sensitivity
of colposcopy diagnosis is high (0.92), although with
relatively low specificity (0.51) when LSIL is adopted as
the cut-off value. Conversely, using HSIL+ as the cut-
off value appears to lower the sensitivity (0.68) and raise
specificity (0.93). AUC analysis also indicates that there
is a higher level of overall accuracy using HSIL+ as the
threshold (0.89 vs 0.82). Quality assessment suggests that
the included studies are high quality, and there was no
apparent publication bias, despite having included only
nine studies.
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Table 2 Effectiveness of colposcopy in distinguishing <LSIL from LSIL+
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Study TP FP FN TN Total Sensitivity (95% Cl) Specificity (95% Cl)
Ghosh et al, 2014 [24] 196 1705 32 533 2466 0.86 (0.81-0.90) 0.24 (0.22-0.26)
Spinillo et al, 2014 [28] 432 1013 103 978 2526 0.81(0.77-0.84) 049 (047-0.51)
Zhao et al, 2015 [30] 70 449 16 1462 1997 0.81(0.72-0.89) 0.77 (0.75-0.78)
Coronado et al, 2016 [22] 38 123 3 279 443 0.93 (0.80-0.98) 0.69 (0.65-0.74)
Lietal, 2017 [8] 90 195 9 231 525 0.91 (0.83-0.96) 0.54 (0.49-0.59)
Fan et al, 2018 [9] 612 901 19 730 2262 0.97 (0.95-0.98) 045 (042-047)
Liuetal, 2018 [31] 30 112 0 114 256 1.00 (0.88-1.00) 0.50 (0.44-0.57)
Ruan et al,, 2020 [27] 430 538 71 789 1828 0.86 (0.82-0.89) 0.59 (0.57-0.62)
Del Pino et al,, 2021 [23] 98 88 25 91 302 0.80 (0.71-0.86) 1(0.43-0.58)
Lietal, 2021 [25] 289 114 9 83 495 0.97 (0.94-0.99) 042 (0.35-0.49)
Liu et al, 2021 [26] 160 328 10 489 987 0.94 (0.89-0.97) 0.60 (0.56-0.63)
Zhang et al,, 2022 [33] 603 878 12 345 1838 0.98 (0.97-0.99) 0.28 (0.26-0.31)
Maffini et al,, 2022 [34] 69 6 9 18 102 0.88 (0.79-0.95) 0.75 (0.53-0.90)
Wei et al., 2022 [29 1028 618 55 716 2417 0.95 (0.93-0.96) 0.54 (0.51-0.56)
Stuebs et al., 2022 [32] 2397 1373 281 727 4778 0.90 (0.88-0.91) 0.35(0.33-0.37)

Abbreviations: LSIL Low squamous intraepithelial lesions, HSIL High squamous intraepithelial lesions, TP True positive, TN True negative, FP False positive, FN False

negative

Table 3 Effectiveness of colposcopy in distinguishing <HSIL from HSIL+

Study TP FP FN TN Total Sensitivity (95% Cl) Specificity (95% Cl)
Ghosh et al,, 2014 [24] 120 194 108 2044 2466 0.53 (0.46-0.59) 0.91 (0.90-0.92)
Spinillo et al, 2014 [28] 195 91 340 1900 2526 036 (0.32-041) 0.95 (0.94-0.96)
Zhao et al, 2015 [31] 36 20 50 1891 1997 042 (0.31-0.53) 0.99 (0.98-0.99)
Coronado et al, 2016 [22] 33 40 8 362 443 0.80 (0.65-0.91) 0.90 (0.87-0.93)
Lietal,2017[8] 63 17 36 409 525 0.64 (0.53-0.73) 0.96 (0.94-0.98)
Fan et al, 2018 [9] 452 33 179 1598 2262 0.72 (0.68-0.75) 0.98 (0.97-0.99)
Liuetal, 2018 [31] 30 42 0 184 256 1.00 (0.88-1.00) 0.81(0.76-0.86)
Ruan et al, 2020 [27] 282 82 219 1245 1828 0.56 (0.52-0.61) 0.94 (0.92-0.95)
Del Pino et al,, 2021 [23] 69 29 54 150 302 0.56 (0.47-0.65) 0.84 (0.78-0.89)
Lietal, 2021 [25] 163 12 135 185 495 0.55 (0.49-0.60) 0.94 (0.90-0.97)
Liu et al, 2021 [26] 127 46 43 771 987 0.75(0.67-0.81) 0.94 (0.93-0.96)
Zhang et al, 2022 [33] 485 89 130 1134 1838 0.79 (0.75-0.82) 0.93 (0.91-0.94)
Maffini et al, 2022 [34] 64 0 14 24 102 0.82 (0.72-0.90) 1.00 (0.86-1.00)
Wei et al., 2022 [29] 760 332 323 1002 2417 0.70 (0.67-0.73) 0.75(0.73-0.77)
Stuebs et al, 2022 [32] 2082 644 596 1456 4778 0.78 (0.76-0.79) 0.69 (0.67-0.71)

Abbreviations: LSIL Low squamous intraepithelial lesions, HSIL High squamous intraepithelial lesions, TP True positive, TN True negative, FP False positive, FN False

negative

The wide range of values for both sensitivity and speci-
ficity found in each of the 15 included studies were very
similar to the ranges reported in reviews by Brown et al.
[35] and Underwood et al. [36]. Findings around overall
sensitivity (0.68) and specificity (0.93) when using HSIL+
as the cut-off value, were also equivalent to previous
studies [37-39]. The sensitivity of colposcopy for HSIL+
from 49 to 61% [40], and specificity varied from 79 to
96.5%. Given that our results are within these ranges,

approximately 40% of CIN2+ cases are missed at initial
colposcopy when using this threshold. This is far too
high and requires our immediate attention because late
diagnosis limits the number and efficacy of treatment
options. However, previous research also showed that
over one-third of all CIN2+ cases would progress into
cervical cancer over a period of between 10 and 15 years
[41], while the change of missed lower grade lesions in
progressing into invasive disease was little, which justified
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Fig. 2 Sensitivity and specificity reported for diagnostic colposcopic impression in 14 studies (each study represented by a point in the figure)
relative to the gold standard of biopsy for distinguishing A <LSIL from LSIL+; B <HSIL from HSIL+. The solid line in the graph shows the receiver
operating characteristic curve determined from regression analysis

Studyld : SENSITIVITY (95% CI) Studyld : SPECIFICITY (95% CI)
I I
Stuebs et al, 2022 - | 0.90 [0.88 - 0.91] Stuebs et al, 2022 - | 035 [0.33-0.37]
I |
Wei et al, 2022 | 0.95 [0.93 - 0.96] Wei et al, 2022 i 0.54[0.51 - 0.56]
Maffini et al, 2022 e T 0.88 [0.79 - 0.95] Maffini et al, 2022 |——— | 0.75[0.53-0.90]
Zhang et al, 2022 : <~ | 0.98[0.97-0.99] Zhangetal, 2022 | - : 0.28[0.26 - 0.31]
Liu et al, 2021 T 0.94 [0.89 - 0.97] Liu et al, 2021 |~ 0.60 [0.56 - 0.63]
Li et al, 2021 | —— | 097[0.94-0.99] Lietal, 2021 ——] 0.42 [0.35 - 0.49]
Del Pino et al, 2021 ———— : 0.80 [0.71 - 0.86] Del Pino et al, 2021 + 0.51[0.43 - 0.58]
Ruan et al, 2020 — 0.86 [0.82 - 0.89] Ruan et al, 2020 |~ 0.59 [0.57 - 0.62]
Liu et al, 2018 ——— | 1.00[0.88- 1.00] Liu et al, 2018 —+ 0.50 [0.44 - 0.57]
Fan et al, 2018 : ~ | 0.97[0.95-0.98] Fan et al, 2018 - : 0.45 [0.42 - 0.47]
Lietal, 2017 —— 0.91[0.83 - 0.96] Lietal, 2017 T 0.54 [0.49 - 0.59]
Coronado et al, 2016 4:,7 0.93 [0.80 - 0.98] Coronado et al, 2016 : - 0.69 [0.65 - 0.74]
Zhao etal, 2015 | ————— | 0.81 [0.72 - 0.89] Zhao et al, 2015 | 0.77[0.75 - 0.78]
Spinillo et al, 2014 —— | 0.81 [0.77 - 0.84] Spinillo et al, 2014 - 0.49 [0.47 - 0.51]
Ghosh et al, 2014 — : 0.86 [0.81 - 0.90] Ghosh etal, 2014 | + : 0.24[0.22 - 0.26]
I I
COMBINED <> 0.92 [0.88 - 0.95] COMBINED <t 0.51 [0.43 - 0.59]
: Q =375.30, df = 14.00, : Q =1762.53, df = 14.00,
| p=0.00 I p=0.00
. —  12=96.27[95.19 - 97.35] . —  12-99.21[99.07 - 99.34]
SENSITIVITY SPECIFICITY

Fig. 3 Sensitivity and specificity reported for distinguishing <LSIL from LSIL+
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Fig. 4 Sensitivity and specificity reported for distinguishing <HSIL from HSIL+

advocating HSIL+ as the more clinically meaningful cut-
off value regardless of the lower sensitivity.

In this study, the diagnostic performance for detecting
CIN2+ was calculated for colposcopic impressions using
both cut-off values, i.e., LSIL+ and HSIL+. When the
cut-off value of colposcopic impressions was LSIL+, the
lower specificity became normal, as some of the patients
with low-grade colposcopic diagnosis may not have path-
ologic CIN2+. Biopsy of all suspected lesions, i.e., LSIL+,
appears to result in the highest sensitivity for detecting
CIN2+, which is the main biopsy strategy used in low-
and middle-income countries (LMICs). For example, this
approach is commonly used in China, because it is diffi-
cult to accurately grade LSIL and HSIL lesions. Evidence
from this study therefore recommends a balanced cut-off
value for low-grade (or worse) to reduce the number of
missed CIN2+ cases, even though specificity drops.

It should be noted that verification bias is a particu-
lar problem in studies of colposcopy. This is because of
the process involved and the economic pressures health
systems face. Biopsies are only performed in suspected
cases and as a result, biopsies often become the process
of verification rather than investigation. If a biopsy is not

taken after colposcopy results are negative, then the sen-
sitivity might be 100% which re-affirms clinical decisions.
Additionally, spectrum bias might occur due to diver-
sity in disease prevalence. Even though the incidence
of a disease would not change sensitivity and specificity
calculations within the test population, this can affect a
sample consisting of disease negative participants [35].
Again, this has a knock-on effect and creates ambiguity
from screening to diagnosis, which causes unnecessary
anguish, raises the price of healthcare, and ultimately
costs lives.

While colposcopy is increasingly common in cervical
cancer screening, it is, as we have mentioned, a subjec-
tive procedure. A number of researchers have found cor-
relations between colposcopy and histopathology are all
too often misleading and generally unsatisfactory [42].
For example, Ruan et al. [27] found that colposcopy often
underestimates the occurrence of squamous intraepi-
thelial lesions when using biopsy as the pathologic gold
standard. By contrast, Tatiyachonwiphut et al. [38] found
that colposcopic diagnoses more often overestimate
the incidence of cervical pathologies. These discrepan-
cies might be due to the use of different colposcopic
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thresholds and methods; however, evidence from this
meta-analysis suggests that LSIL may be selected as the
cut-off value for directing biopsy in areas with underde-
veloped colposcopy, while HSIL+ can be selected as a
cut-off value to avoid unnecessary diagnosis. Moreover,
digital colposcopy has potential values in providing accu-
rate and objective measurements of a number of cervi-
cal features. Some studies reported high sensitivities and
specificities concerning digital colposcopy compared
with traditional colposcopy [43], while its wide applica-
tion may be limited by the relatively high purchase and
maintenance costs, an important factor especially in
lower resource areas.

One of the reasons for conducting this systematic
review was to provide support for global communities.
The distribution of medical resources is disproportion-
ate, which means there are fewer senior colposcopists in
LMICs which directly affects women’s health and well-
being [40]. Therefore, to meet the challenge of elimi-
nation of cervical cancer in LMICs, studies exploring
feasible methods to improve the diagnostic performance
of colposcopy are needed. Bekkers et al. [44] has found
that junior colposcopists were significantly more likely to
require biopsy compared to more senior colposcopists.
Due to a lack of experience, junior colposcopists tend
to order biopsies when in doubt. Conversely, increased
confidence in colposcopic assessment displayed by more
senior colposcopists might result in higher positive pre-
dictive values, but this is often at the expense of lower
sensitivity. Therefore, junior colposcopists might not be
able to identify HSIL+ cases accurately based on colpo-
scopic images, and therefore refer to perform more biop-
sies for final confirmation.

In these circumstances, LSIL+ should be used as the
cut-off value to reduce the number of false negatives.
Since colposcopic biopsy is the gold standard for cervi-
cal cancer, it is important to improve the accuracy of
colposcopy to improve identification processes. Specific
training is compulsory before practitioners can be certi-
fied as colposcopists in some countries [44]. In LMICs,
the quality of colposcopists could be effectively improved
by increasing the amount and standard of training and
by giving more professional guidance to uncertified col-
poscopists. However, enhancing quality control and
advocating novel training methods, such as widely appli-
cable teaching equipment [45] and training software
[46], could also help to enhance colposcopists’ skills.
This study suggests that skills vary substantially and that
the application of the IFCPC terminology may also vary,
which requires further research.

This systematic review identified gaps in our knowl-
edge and some methodological issues that should be
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considered in future studies of cervical screening.
Standardizing the evaluation of colposcopy based on
the 2011 IFCPC, it could not only help to provide a ref-
erence for colposcopists, but also highlights emerging
techniques for assessment [47]. Even though there are
many alternative options for cervical cancer screen-
ing, Sawaya et al. [48] suggests that studies directly
assessing the accuracy of screening tests or compar-
ing between test results and colposcopy are inconclu-
sive. Under limited resource settings [49], objective
methods, such as molecular HPV testing, may be more
appropriate. Until now, some of these methods have
not been universally accepted due to concerns about
health resource conditions in certain areas such as sub-
Saharan Africa [50]. Therefore, colposcopy still remains
fundamentally important in high-income countries and
increasingly useful in LMICs.

Strengths and limitations

While this is the first systematic review with meta-
analysis of the diagnostic value of colposcopy based
on the latest version of IFCPC guidelines, there were
some limitations that could not be avoided. First,
because of the strict screening criteria used in this
study, the number of studies included in this anal-
ysis was relatively small. This clearly reduces the
generalizability of the findings and means that rec-
ommendations can only be tentative. We attempted
to quantify the diagnostic performance of colpos-
copy under two cut-off values which underpin its
utility in clinical practice. However, biases in the
design of the included studies also made the inter-
pretation of our findings less than certain. It also
emerged that medical variability is apparent and
that we were unable to plan or extract information
regarding experiential and skillset differences. This
is certainly something that requires further atten-
tion, and perhaps would be best looked at by health
economists and medical educationalists who could
consider understanding the impact of educational
strategies on patients.

Conclusions

This meta-analysis confirmed the diagnostic value of
colposcopy, as an effective tool for diagnosing cervical
lesions. High sensitivity was observed with the LSIL+
cut-off, while high specificity was observed with a HSIL+
cut-oft for squamous intraepithelial lesions. This might
be used to provide guidance for future clinical practice
and colposcopic research. Although, further research
into the impact of colposcopy-based educational strate-
gies is required.



Qin et al. BMC Cancer (2023) 23:187

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512885-023-10648-1.

Additional file 1: Search strategies of identification of studies. Figure S1.
Details of quality assessment by the QUADAS-2 tool. Figure S2. Deeks’
Funnel Plot Asymmety.

Acknowledgements
Not applicable.

Authors’ contributions
DXQ and PX conceived and designed the study. PX, YJ and YLQ provided

important feedback on the proposed study design. DXQ, PX, AYB and SS wrote
the article. DXQ, AYB, PX, SS, MJGM, QL, YLQ and YJ were responsible for revi-

sions. DXQ and AYB performed the literature search and data extraction. PX

and JXW checked the data. DXQ performed the data analysis. All authors read

and approved the final manuscript.

Funding

This study was supported by CAMS Innovation Fund for Medical Sciences
(CAMS 2021-12M-1-004).

Availability of data and materials

The data generated in the present study may be requested from the cor-
responding authors.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

School of Population Medicine and Public Health, Chinese Academy of Medi-

cal Sciences and Peking Union Medical College, Beijing 100730, China. “Fac-

ulty of Health and Medicine, Division of Health Research, Lancaster University,

Lancaster LAT 4YW, UK. *School of Public Health, Dalian Medical University,

Dalian 116044, Liaoning, China. 4Diagnosis and Treatment for Cervical Lesions
Center, Shenzhen Maternity and Child Healthcare Hospital, Shenzhen 518028,

China.

Received: 21 July 2022 Accepted: 14 February 2023
Published online: 23 February 2023

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and

Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin.
2021;71(3):209-49.

2. Brisson M, Drolet M. Global elimination of cervical cancer as a public
health problem. Lancet Oncol. 2019;20(3):319-21.

3. XueP Ng MTA, Qiao Y. The challenges of colposcopy for cervical cancer

screening in LMICs and solutions by artificial intelligence. BMC Med.
2020;18(1):169.
4. 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(1):166-72.

5. Quaas J, Reich O, Frey Tirri B, Kippers V. Explanation and use of the
colposcopy terminology of the IFCPC (International Federation for

1.

20.

22.

23.

24,

Page 150f 16

Cervical Pathology and Colposcopy) Rio 2011. Geburtshilfe Frauenheilkd.
2013;73(9):904-7.

Tatti S, Bornstein J, Prendiville W. Colposcopy: a global perspective: intro-
duction of the new IFCPC colposcopy terminology. Obstet Gynecol Clin
North Am. 2013;40(2):235-50.

Zhang B, Hong S, Zhang G, Rong F. Clinical application of the 2011 IFCPC
colposcope terminology. BMC Womens Health. 2021;21(1):257.

LiY, Duan X, Sui L, Xu F, Xu S, Zhang H, Xu C. Closer to a Uniform Lan-
guage in Colposcopy: Study on the Potential Application of 2011 Interna-
tional Federation for Cervical Pathology and Colposcopy Terminology in
Clinical Practice. Biomed Res Int. 2017;2017:8984516.

Fan A, Wang C, Zhang L, Yan Y, Han C, Xue F. Diagnostic value of the 2011
international federation for cervical pathology and colposcopy terminol-
ogy in predicting cervical lesions. Oncotarget. 2018;9(10):9166.

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. South Asian J Cancer. 2019;8(4):218-20.

Vercellino GF, Erdemoglu E, Chiantera V, Vasiljeva K, Malak AH, Schneider
A, Bohmer G. Clinical relevance of objectifying colposcopy. Arch Gynecol
Obstet. 2015;291(4):907-15.

Soutter WP, Diakomanolis E, Lyons D, Ghaem-Maghami S, Ajala T, Haido-
poulos D, Doumplis D, Kalpaktsoglou C, Sakellaropoulos G, Soliman S,

et al. Dynamic spectral imaging: improving colposcopy. Clin Cancer Res.
2009;15(5):1814-20.

TanakaY, Ueda Y, Kakubari R, Kakuda M, Kubota S, Matsuzaki S, Okazawa
A, Egawa-Takata T, Matsuzaki S, Kobayashi E, et al. Histologic correla-

tion between smartphone and coloposcopic findings in patients with
abnormal cervical cytology: experiences in a tertiary referral hospital. Am
J Obstet Gynecol. 2019;221(3):241.e241-241.e246.

Hu L, Bell D, Antani S, Xue Z, Yu K, Horning MP, Gachuhi N, Wilson B,
Jaiswal MS, Befano B, et al. An Observational Study of Deep Learning and
Automated Evaluation of Cervical Images for Cancer Screening. J Natl
Cancer Inst. 2019;111(9):923-32.

Xue P Tang C, Li Q, LiY, ShenY, Zhao Y, Chen J, Wu J, Li L, Wang W,

et al. Development and validation of an artificial intelligence system

for grading colposcopic impressions and guiding biopsies. BMC Med.
2020;18(1):406.

Mueller JL, Lam CT, Dahl D, Asiedu MN, Krieger MS, Bellido-Fuentes Y,
Kellish M, Peters J, Erkanli A, Ortiz EJ, et al. Portable Pocket colposcopy
performs comparably to standard-of-care clinical colposcopy using ace-
tic acid and Lugol's iodine as contrast mediators: an investigational study
in Peru. BJOG. 2018;125(10):1321-9.

Lam CT, Mueller J, Asma B, Asiedu M, Krieger MS, Chitalia R, Dahl D, Taylor
P, Schmitt JW, Ramanujam N. An integrated strategy for improving con-
trast, durability, and portability of a Pocket Colposcope for cervical cancer
screening and diagnosis. PLoS ONE. 2018;13(2):e0192530.

Schlichte MJ, Guidry J. Current Cervical Carcinoma Screening Guidelines.
J Clin Med. 2015;4(5):918-32.

Abdul-Karim FW, Yang B. Cytologic-Histologic Discrepancies in Pathology
of the Uterine Cervix: Analysis of the Clinical and Pathologic Factors. Adv
Anat Pathol. 2017;24(5):304-9.

Mayeaux EJ Jr, Novetsky AP, Chelmow D, Choma K, Garcia F, Liu AH,
Papasozomenos T, Einstein MH. Systematic Review of International
Colposcopy Quality Improvement Guidelines. J Low Genit Tract Dis.
2017,21(4):249-57.

. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB,

Leeflang MM, Sterne JA, Bossuyt PM. QUADAS-2: a revised tool for the
quality assessment of diagnostic accuracy studies. Ann Intern Med.
2011;155(8):529-36.

Coronado PJ, Fasero M. Colposcopy combined with dynamic spectral
imaging. A prospective clinical study. Eur J Obstet Gynecol Reprod Biol.
2016;196:11-6.

Del Pino M, Angeles MA, Marti C, Henere C, Munmany M, Marimon L,
Saco A, Rakislova N, Ordi J, Torné A. Colposcopic impression has a key role
in the estimation of the risk of hsil/cin3. Cancers. 2021;13(6):1-12.
Ghosh |, Mittal S, Banerjee D, Singh P, Dasgupta S, Chatterjee S, Biswas
J,Panda C, Basu P. Study of accuracy of colposcopy in VIA and HPV
detection-based cervical cancer screening program. Aust N Z J Obstet
Gynaecol. 2014;54(6):570-5.


https://doi.org/10.1186/s12885-023-10648-1
https://doi.org/10.1186/s12885-023-10648-1

Qin et al. BMC Cancer

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

(2023) 23:187

Li J,Wang W, Yang P, Chen J, Dai Q, Hua P, Liu D. Analysis of the agreement
between colposcopic impression and histopathological diagnosis of cer-
vical biopsy in a single tertiary center of Chengdu. Arch Gynecol Obstet.
2021;304(4):1033-41.

Liu F, Zhang Y, Xia X, Han J, Hu D. Diagnostic value of different colposcopy
evaluation methods for high-grade squamous intraepithelial lesions and
cervical cancer. Eur J Gynaecol Oncol. 2021;42(3):463-9.

Ruan'Y, Liu M, Guo J, Zhao J, Niu S, Li F. Evaluation of the accuracy of
colposcopy in detecting high-grade squamous intraepithelial lesion and
cervical cancer. Arch Gynecol Obstet. 2020;302(6):1529-38.

Spinillo A, Gardella B, Chiesa A, Cesari S, Alberizzi P, Silini EM. Diagnostic
accuracy of colposcopy in relation to human papillomavirus genotypes
and multiple infection. Gynecol Oncol. 2014;134(3):527-33.

Wei B, Zhang B, Xue P, Seery S, Wang J, Li Q, Jiang Y, Qiao Y. Improving
colposcopic accuracy for cervical precancer detection: a retrospective
multicenter study in China. BMC Cancer. 2022;22(1):388.

ZhaoY, SongY, Zhao F, Zhang W, Li L, Chen F, Chen W, Pan Q, Shen G,
Qiao Y. Value of 4-quadrant biopsies under colposcopy for detecting
precancerous lesions in cervical cancer screening. Zhonghua Zhong Liu
Za Zhi. 2015;37(11):875-9.

Liu BB, Zhu YL, Zhang WH, Zhang H, Wang XX, Yu XJ, Zhang P, Zhang J,
Wang L, Fang SW, et al. Clinical analysis of 128 cases of cervical lesion
diagnosed by multi-point biopsy of colposcopy and endocervical curet-
tage. Zhonghua Zhong Liu Za Zhi. 2018;40(7):539-42.

Stuebs FA, Dietl AK, Behrens A, Adler W, Geppert C, Hartmann A, Knoll

A, Beckmann MW, Mehlhorn G, Schulmeyer CE, et al. Concordance Rate
of Colposcopy in Detecting Cervical Intraepithelial Lesions. Diagnostics
(Basel). 2022;12(10):2436.

Zhang D, Song J, Zhang X, Bi H. The value of p16(INK4a) immunostaining
for high-grade squamous intraepithelial lesions in human papillomavirus-
negative patients. Bmc Womens Health. 2022;22(1):138.

Maffini CF, Collaco LM, Martins Sebastiao AP, Zanine RM. Colposcopic
Findings and Diagnosis in Low-Income Brazilian Women with ASC-H

pap Smear Results. Revista Brasileira De Ginecologia E Obstetricia.
2022;44(02):178-86.

Brown BH, Tidy JA. 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;240:182-6.

Underwood M, Arbyn M, Parry-Smith W, De Bellis-Ayres S, Todd R, Red-
man CW, Moss EL. Accuracy of colposcopy-directed punch biopsies: a
systematic review and meta-analysis. BJOG. 2012;119(11):1293-301.
Hong DG, Seong WJ, Kim SY, Lee YS, Cho YL. Prediction of high-grade
squamous intraepithelial lesions using the modified Reid index. Int J Clin
Oncol. 2010;15(1):65-9.

Tatiyachonwiphut M, Jaishuen A, Sangkarat S, Laiwejpithaya S, Wongti-
raporn W, Inthasorn P, Viriyapak B, Warnnissorn M. Agreement between
colposcopic diagnosis and cervical pathology: Siriraj hospital experience.
Asian Pac J Cancer Prev. 2014;15(1):423-6.

Durdi GS, Sherigar BY, Dalal AM, Desai BR, Malur PR. Correlation of colpos-
copy using Reid colposcopic index with histopathology- a prospective
study. J Turk Ger Gynecol Assoc. 2009;10(4):205-7.

Gage JC, Hanson VW, Abbey K, Dippery S, Gardner S, Kubota J, Schiffman
M, Solomon D, Jeronimo J. Number of cervical biopsies and sensitivity of
colposcopy. Obstet Gynecol. 2006;108(2):264-72.

Sankaranarayanan R, Gaffikin L, Jacob M, Sellors J, Robles S. A critical
assessment of screening methods for cervical neoplasia. Int J Gynaecol
Obstet. 2005;89(Suppl 2):54-s12.

LiY, Duan X, Sui L, Xu F, Xu S, Zhang H, Xu C. Closer to a Uniform Lan-
guage in Colposcopy: Study on the Potential Application of 2011 Interna-
tional Federation for Cervical Pathology and Colposcopy Terminology in
Clinical Practice. Biomed Res Int. 2017;2017:8984516.

Louwers JA, Kocken M, ter Harmsel WA, Verheijen RH. Digital colposcopy:
ready for use? An overview of literature Bjog. 2009;116(2):220-9.

Bekkers RL, van de Nieuwenhof HP, Neesham DE, Hendriks JH, Tan J,
Quinn MA. Does experience in colposcopy improve identification of high
grade abnormalities? Eur J Obstet Gynecol Reprod Biol. 2008;141(1):75-8.
Parra S, Oden M, Schmeler K, Richards-Kortum R. Low-Cost Instructional
Apparatus to Improve Training for Cervical Cancer Screening and Preven-
tion. Obstet Gynecol. 2019;133(3):559-67.

46.

47.

48.

49.

50.

Page 16 of 16

Jeronimo J, Long LR, Neve L, Michael B, Antani S, Schiffman M. Digital
tools for collecting data from cervigrams for research and training in
colposcopy. J Low Genit Tract Dis. 2006;10(1):16-25.

Xue P.Wang J, Qin D, Yan H, QuY, Seery S, Jiang Y, Qiao Y. Deep learning

in image-based breast and cervical cancer detection: a systematic review
and meta-analysis. NPJ Digit Med. 2022;5(1):19.

Sawaya GF, Smith-McCune K, Kuppermann M. Cervical Cancer Screening:
More Choices in 2019. JAMA. 2019;321(20):2018-9.

Fokom-Domgue J, Combescure C, Fokom-Defo V, Tebeu PM, Vassilakos P,
Kengne AP, Petignat P. Performance of alternative strategies for primary
cervical cancer screening in sub-Saharan Africa: systematic review and
meta-analysis of diagnostic test accuracy studies. BMJ. 2015;351:h3084.
Fokom-Domgue J, Vassilakos P, Petignat P. Is screen-and-treat approach
suited for screening and management of precancerous cervical lesions in
Sub-Saharan Africa? Prev Med. 2014;65:138-40.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Colposcopic accuracy in diagnosing squamous intraepithelial lesions: a systematic review and meta-analysis of the International Federation of Cervical Pathology and Colposcopy 2011 terminology
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Data source: search strategy and selection criteria
	Data extraction and risk-of-bias assessment
	Statistical analysis

	Results
	Study characteristics
	Pooled performance of colposcopy under two thresholds

	Discussion
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


