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INTRODUCTION AND LEARNING OBJECTIVES 

Once a woman has been screened, including or not subsequent triage testing, and 
has obtained abnormal results that suggest a risk of CIN3+ higher than a country-
specific value, a diagnosis process is required. In most countries, this process involves 
the visual inspection of the cervix through a colposcopy. In case of abnormal findings 
in the colposcopy, and according to the relevant clinical guidelines in each setting, 
biopsy samples are taken to histologically confirm the diagnosis. 
 
Therefore, colposcopy examination plays a key role in the cervical precancerous 
lesions diagnosis and treatment of symptomatic women or those showing abnormal 
screening tests. Yet, the transition from a cytology to HPV-based screening program, 
implies two main issues to be considered: 
 

▪ Women attending colposcopy will present different characteristics (HPV 
positive versus abnormal cytology) which might affect the colposcopy 
performance.  

▪ The use of the previous and current screening history of women attending 
colposcopy can be used to guide the colposcopy and biopsy practice. 

 
In some resource-constrained settings, other visual techniques are being used for the 
diagnosis of cervical precancerous lesions but its performance is moderate. Therefore, 
enhanced camera image device or artificial intelligence tools are being explored to 
improve the subjectivity of such visual techniques. 
 
This module provides an overview of the accuracy and the management practice of 
the colposcopy in the context of an HPV-based screening program as well as 
describing other visual techniques mainly used in resource-constrained settings. It 
also introduces how artificial intelligence can improve the performance of cervical 
cytology or other visual inspection techniques. 
 
It also covers the recently published WHO classification of cervical squamous 
intraepithelial lesions, which contains some important revisions on HPV-related 
lesions. 
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At the conclusion of this course, participants will be able to: 
 

▪ Relate the terms used in colposcopy to describe the different lesional patterns  

▪ Understand the impact that the different cervical cancer screening 
approaches have on the colposcopy 

▪ Understand how colposcopy could be used according to risk-based 
approaches 

▪ Recognize why training, expertise and quality control are crucial in the 
colposcopy performance 

▪ Identify the benefits and the harmful effects of colposcopy 

▪ Recognize the utility and caveats of visual techniques other than colposcopy 

▪ Explore new technological developments in cervical cancer screening. 

▪ Achieve a high-level understanding of how an artificial intelligence approach 
in cervical cancer screening could be widely implemented and sustainable 

▪ Recognize the main differences between the recently published WHO 
classification of cervical squamous intraepithelial lesions compared with the 
previous ones 

▪ Understand the utility of biomarkers such as p16 in the diagnosis of histological 
HPV-related cervical lesions 
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UNIT 1. VISUAL TECHNIQUES 

1.1 Visual techniques 
The visual examination of the cervix is required to identify potential precancerous 
lesions.  
 
The colposcopy enables the inspection of the cervix in women showing abnormal 
screening tests, allowing the characterisation and localisation of intraepithelial lesions 
to guide the collection of biopsies for subsequent diagnosis confirmation. However, 
other visual techniques are used, mainly in resource-constrained settings where 
colposcopy is not always available for cervical lesions diagnosis.  
 
An overview of these visual techniques is provided in the following units. 
 

1.2 Colposcopy 

1.2.1 Technical description of the colposcopy examination  

A colposcope is a low magnification, light illuminated, stereoscopic, binocular, field 
microscope used for visual examination of the lower genital tract, especially the 
uterine cervix. Colposcopy enables the examination of the transformation zone (TZ) 
and the squamo-columnar junction (SCJ), where most cervical cancers arise, and 
characterisation and localisation of intraepithelial lesions to guide biopsies, for 
diagnosis confirmation, where necessary. 
 
In 1925, Hinselmann designed the colposcope and described how to enhance the 
colposcopic view of the cervical epithelium to identify cervical cancer and precancer 
by staining the cervix with acetic acid. In 1929, Schiller showed that areas of the cervix 
harbouring early cervical cancer did not stain with iodine, in contrast with the dark 
staining of normal squamous epithelia of the ectocervix (Bappa & Yakasai, 2013; 
Colgan & Lickrish, 1990).  
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Colposcopy is a comprehensive examination providing 
information that is crucial to optimum clinical 

management. However, it must be performed by a 
competent and quality-assured service. Clinicians 

performing colposcopy must have undergone 
comprehensive training and the procedure must be carried 

out in a fully-equipped examination room (Prendiville & 
Sankaranarayanan, 2017). 

The colposcope allows for examination of the whole lower genital tract, including the 
cervix, vagina and vulva as follows. First, the clinician assesses whether the 
examination can be performed adequately (Bornstein, Bentley, et al., 2012). If so, the 
cervix is then examined at low power magnification and gently cleansed with saline 
solution. The hormonal status and degree of inflammation are then assessed. Once 
adequacy has been confirmed, the TZ is examined at low power. At this point, the 
green filter may be used at low magnification. Then, the evaluation with acetic acid 
(either 3% or 5%) can be performed. A spray bottle, syringe or soaked cotton swabs 
should be used repeatedly to achieve complete uptake of acetic acid unprotected by 
mucus until the TZ type is clearly discerned. Endocervical forceps (Kogan speculum, 
for instance) may be necessary to achieve full visualisation of the upper limit of the 
TZ. It is important to perform both low- and high-powered examination of the TZ and 
to take note of the relevant image characteristics.  
 
A competently performed colposcopic examination (IARC, 2022) will: 
 

▪ determine the adequacy of the examination, 

▪ evaluate the TZ site and size, 

▪ recognize intraepithelial abnormality, if present, 

▪ identify the most accurate biopsy site for sampling, and 

▪ facilitate precise treatment. 

 



  
 
 
 

 

CC BY-NC-SA 4.0 – © 2025 The RISCC project consortium 
Evidence-Based Approaches to HPV Screening implementation. Module 4B. Screening management - Visual techniques and 

Diagnostic tests/biopsy             8 

 
 

1.2.2 Colposcopy terminology and lesion correlation 

Different terminologies of the colposcopic findings have been used throughout the 
90-year history of colposcopy (IARC, 2022).  
 

 
Worldwide, the most commonly used classification in healthcare practice is that 
endorsed unanimously by over 40 national societies in the triennial congress of the 

Did you know?  

The following table shows the most relevant and widely used (clinically) global colposcopic 
classifications and the modifications that have been introduced over time. However, the use 
of these terms is now obsolete and inappropriate. 

 

Terminology 
(Author/ Year) Normal findings Abnormal findings Other terms 

Hinselmann 1933 
(Mayeaux & Cox, 
2013) 

Thick leukoplakia Mosaic leukoplakia Cervico-uterine 
ectopy 

Coppleson 1960 
(Reid & Campion, 
1989) 

Grade I, not 
suspicious, white 
semi-transparent 
epithelium, flat, 
indistinct borders 

Grade II, suspicious 
white 
Grade III, opaque 
epithelium with very 
suspicious defined 
borders 

Transformation zone 

IFCPC Graz 1975 
(Stafl, 1976) 
 

Normal colposcopy Atypical 
transformation zone 

Colposcopy not 
satisfactory 
Miscellaneous 

Reid 1985 (Reid & 
Campion, 1989) 
 

Category 1, benign, 
minor dysplasia 

Category 2, 
intermediate 
Category 3, suspicious 

4 criteria: border, 
colour, vessels, iodine 
uptake 

IFCPC Rome 1990 
(Stafl & Wilbanks, 
1991) 
 

Normal colposcopy 
Cylindrical 
epithelium: ectopy 

Abnormal colposcopy 
inside/outside the 
transformation zone 
Mosaic punctuation 
fine/coarse 

Miscellaneous not 
acetowhite 

IFCPC Barcelona 
2002 (Walker et al., 
2003)  

Type 1, 2, 3 
transformation zone 

Minor/major changes 
Suggestive of 
low/high-grade lesion 

Colposcopy 
suggestive of 
invasive cancer 
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International Federation for Cervical Pathology and Colposcopy (IFCPC) in Rio de 
Janeiro in 2011 (Bornstein et al., 2012). 
 
International terminology for colposcopic findings (Bornstein, Bentley, et al., 2012) 

Adequate / inadequate because… (e.g. cervix obscured by 
inflammation, bleeding, scar) 
Squamo-columnar junction visibility: completely visible, 
partially visible, not visible 
Transformation zone types 1,2,3 

General assessment 

Original squamous epithelium: 
Mature 
Atrophic 
Columnar epithelium 
Ectopy 
Metaplastic squamous epithelium 
Nabothian cysts 
Crypt (gland) openings 
Deciduosis in pregnancy 

Normal colposcopic 
findings 

Location of the lesion: inside / outside the TZ and location of 
the lesion by clock position 
Size of the lesion: number of cervical quadrants the lesion 
covers and/or size of the lesion as percentage of cervix 

General 
principles 

Abnormal 
colposcopic 
findings 

Fine mosaic 
Fine punctuation 

Thin acetowhite epithelium 
Irregular, geographic border 

Grade 1 
(Minor) 

 

Coarse mosaic 
Coarse punctuation 
Sharp border 
Inner border sign 
Ridge sign 

Dense acetowhite epithelium 
Rapid appearance of 
acetowhitening 
Cuffed crypt (gland) openings 

Grade 2 
(Major) 

 

Leukoplakia (keratosis, hyperkeratosis), erosion 
Lugol’s staining (Schiller’s test): stained/non-stained 

Non 
specific 

 

Atypical vessels 
Additional signs: fragile vessels, irregular surface, exophytic 
lesion, necrosis, ulceration (necrotic), tumour/gross neoplasm 

Suspected invasive 
disease 

Congenital TZ, condyloma, polyp (ectocervical /endocervical), 
inflammation, stenosis, congenital anomaly, post-treatment 
consequence, endometriosis… 

Miscellaneous findings 

Excision type 1, 2, 3 Excision treatment types 

Length: distance from the distal/external margin to the 
proximal/internal margin 

Excision specimen 
dimensions 
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Thickness: distance from the stromal margin to the surface of 
the excised specimen 
Circumference (optional): the perimeter of the excised 
specimen 

 

Below are a series of images (Figures 1-3) of the cervix obtained through colposcopy 
with the findings described using the 2011 ICFC accepted terminology: 
 

: 

Figure 1. Colposcopy showing type 1 transformation zone (fully visible squamous columnar 
junction) and normal colposcopy appearance: mature squamous epithelium. Vision after 

application of acetic acid 

 

 

Figure 2. Colposcopy showing type 2 transformation zone (fully visible squamous 
columnar junction with an endocervical component) and thin acetowhite epithelium 

(findings grade 1) in both cervical lips. Vision after application of acetic acid 
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A)               B)  

 

Figure 3. Colposcopy showing dense acetowhite epithelium (findings grade 2) in both 
cervical lips. In these images, fragile vessels and irregular surface suggesting an invasive 

lesion should also be noted. A) Vision with acetic acid B) Vision after Lugol  
 

Several studies have evaluated the correlation between the categorisation of a lesion 
using the current IFCPC classification and the histological diagnosis. Some report a 
good correlation between the colposcopic impression and the final diagnosis 
(Petousis et al., 2018). Indeed, the identification of some specific patterns (e.g. coarse 
punctuation, coarse mosaic or dense acetowhitening, inner border sign and ridge 
sign) have demonstrated correct predictive accuracy for high-grade squamous 
intraepithelial lesions/cervical intraepithelial neoplasia grades 2–3 (HSIL/CIN2–3) (Li 
et al., 2017; Vercellino et al., 2013), with a sensitivity and specificity of colposcopic 
impression suggesting HSIL/CIN2+ ranging from 20% to 100% and 96% to 99%, 
respectively, depending on the specific pattern reported. However, other authors 
suggest that the grade of concordance between the colposcopic impression and the 
histological diagnosis mainly depends upon the training, experience and expertise of 
the colposcopist (Khan et al., 2017; Mayeaux & Cox, 2013) and point out the importance 
of quality training and assurance programmes. 
 
Some attempts have been made to quantify the qualitative descriptions or specific 
patterns in scoring systems, such as the Reid Colposcopic Index (RCI) (Reid & Scalzi, 
1985) or the Swede score (Alfonzo et al., 2022). It has been suggested that colposcopic 
findings may be best assessed using a scoring system (Alan et al., 2020; Prendiville & 
Sankaranarayanan, 2017; Ranga et al., 2017). However, not all reports find a better 
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correlation when using quantitative scores instead of colposcopy terminology. 
Currently, the use of these scores is not yet standard practice worldwide. 
 

1.2.3 Colposcopy accuracy according to the cervical cancer primary 
screening test  
 

Colposcopy accuracy in cytology-based screening 

The performance of the colposcopy varies depending on the criteria used to take a 
biopsy.  
 
In general, all studies show a high sensitivity and low specificity of colposcopy for 
HSIL/CIN2+ when a biopsy is taken at the cut-off of ‘any colposcopic abnormality’ (i.e 
biopsy is taken because there is thought to be SIL/CIN of any grade present) (Brown & 
Tidy, 2019; Mitchell et al., 1998). In contrast, at the cut-off of “high-grade impression 
colposcopy” (biopsy taken due to a colposcopic impression of HSIL), colposcopy has 
moderate sensitivity but high specificity for HSIL/CIN2+.  
 

 
The use of punch or random biopsies in apparently normal tissue as the gold or 
reference standard to assess the sensitivity and specificity of colposcopy has been 
questioned, since in many clinics biopsy is only performed when disease is suspected. 
As a result, verification by biopsy is only performed when the outcome of colposcopy 
is positive and not when the outcome is negative. This form of bias results in 
overestimated sensitivity and underestimated specificity (Walter, 1999). 
 

Did you know?  

Risk estimates for HSIL/CIN3+ are much less heterogeneous than for HSIL/CIN2+. However, 
most available reports have evaluated colposcopy based on the risk of underlying 
HSIL/CIN2+ and only a limited number of studies present specific data for HSIL/CIN3+. 
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Many healthcare professionals understand a random 
biopsy as a biopsy taken randomly at any normal area (i.e, 

clockwise, at 2 and 6, for example) but the concept of 
random biopsy is more complex.  In contrast with the term 

of “directed biopsy”, a random biopsy is that taken in an 
area that does not apparently qualify as high-grade lesion. 

NOTE: The methods used to evaluate the diagnostic accuracy of colposcopy in clinical trials 
are subject to several types of biases such as the verification or ascertainment bias described 
before.  
For more information on this bias, please see MODULE 2. 

 

To avoid this verification bias, some studies have assessed the performance of 
colposcopy-directed cervical punch biopsies (test positivity defined as CIN1+) to 
detect HSIL/CIN2+ in a subsequent excisional cervical specimen or hysterectomy 
(Kahramanoglu et al., 2019; Kim et al., 2020; Underwood et al., 2012). A meta-analysis 
of these studies found a punch biopsy sensitivity for HSIL/CIN2+ ranging from 80% to 
90% and a specificity ranging from 25% to 63%. However, most studies do not specify 
whether the biopsies were performed for any colposcopy abnormality or because a 
high-grade lesion was suspected. 
 

 
 

Colposcopy accuracy in HPV-based screening 

Worldwide, cervical cancer screening is moving from cytology-based to HPV-based 
screening (Chrysostomou et al., 2018). As explained in previous modules, HPV testing 
detects a high proportion of infections likely to be transient or at an early stage of the 
carcinogenic process that may not be detectable at colposcopy. Therefore, it is 

Did you know?  

Both the sensitivity and specificity of colposcopy for CIN2+ are improved when 
colposcopist know the cytology result (Lalande et al., 2024 RISCC). 
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neither efficient nor viable to propose screening with referral to colposcopy for all HPV-
positive women. To avoid overburdening the health system and overtreating low-risk 
women, a risk-based approach is needed to manage women with an HPV-positive 
screening test. 
 
Moreover, though colposcopy will still play a central diagnostic role in HPV-based 
screening, the clinical characteristics of the referred patients will be markedly 
different. The accuracy of colposcopy must therefore be re-evaluated in this new 
scenario.  

The positive predictive values (PPV) of an abnormal 
colposcopy for histological HSIL/CIN2+ in cytology-based 
screening and in an HPV-based programme are similar.  

EXAMPLE  

The Guanacaste cohort (Porras et al., 2012) with 7-year of follow-up after initial screening with 
both cytology and HPV testing, was used to assess the predictive values of colposcopy under 
two different screening scenarios (those referred to colposcopy due to a cytology result of 
atypical squamous cell of uncertain significance (ASC-US) or worse versus those with a positive 
HPV result): 

▪ In women under 30 years: In comparison to women with an abnormal cytology result, a 
non-statistically significant reduction in the positive predictive value (PPV) of colposcopy 
was observed in HPV-positive women (31.8 vs 24.2%). The negative predictive value 
(NPV) was statistically higher in HPV positive women (85.5 vs 91.6%). 

▪ In women 30 years or older: Both the PPV and the NPV were not statistically different in 
women with an abnormal cytology and those with a positive HPV result (47.8 vs 41.5% 
and 87% in both, respectively) 

 

1.2.4 Risk-based colposcopy practice and the value of random 
biopsies  

The risk of underlying cervical HSIL/CIN2+ varies greatly depending on the type of 
primary screening test(s) and the corresponding result(s).  
 



  
 
 
 

 

CC BY-NC-SA 4.0 – © 2025 The RISCC project consortium 
Evidence-Based Approaches to HPV Screening implementation. Module 4B. Screening management - Visual techniques and 

Diagnostic tests/biopsy             15 

 
 

Therefore, the colposcopy and biopsy practice can be modified depending on the risk 
of precancerous lesions (Torné et al., 2018; Wentzensen et al., 2018) estimated through 
the information provided by the screening test (cytology and/or molecular test results 
such as HPV testing and genotyping) and previous screening results as described in 
Table 1. 
 

NOTE: For more information on the risk stratification of women with a positive HPV result based 
on the primary screening test results or subsequent triage testing, please see MODULE 4A.  
 

 
Table 1. Risk of premalignant cervical lesion based on previous and current screening test 
results. Adapted from Egemen et al., 2020; IARC, 2022.    

 
Clinical scenario  

HPV testing Cytology HSIL/CIN3+ risk 
Negative                                  
(primary screening) 

Not performed 
 

Very low 
(0.15% at 5 years) 

Negative                                   
(primary screening) 

ASC-US/LSIL Low 
(0.4%-2.0% at 5 years) 

Negative                                         
(follow-up of previous 
positive low-grade result) 

Negative Low 
(0.5%-3.2% at 5 years) 

Not performed 
 

Negative                          
(primary screening) 

Low 
(0.7%-2.0% immediate risk; 
2.0%-4.8% at 5 years) 

Positive                                      
(primary screening) 

Negative Low-moderate 
(2.0%-4.5% immediate risk; 
3.8%-7.3% at 5 years) 

Positive                                      
(primary screening) 

ASC-US/LSIL Low-moderate 
(2.0%-4.5% immediate risk; 
3.8%-7.3% at 5years) * 

Not performed 
 

LSIL                                    
(primary screening) 
 

Moderate 
(10.0%-14.0% immediate risk) 

Positive                                     
(follow-up of previous 
positive low-grade result) 

Negative/ASC-US/LSIL Moderate 
(2.6%-7.9% immediate risk; 
6.6%-9.5% at 5 years) 

Positive 16 and/or 18 
(primary screening) 

Negative/ASC-US/LSIL High 
(5.5%-11% immediate risk; 9.0-
12.0% at 5 years) 

Positive                                     
(primary screening) 

HSIL/ASC-H/ACG High (>25% immediate risk) 

Positive 16 and/or 18 
(primary screening) 

HSIL/ASC-H/ACG High-very high 
(28.0%-60% immediate risk; 
33.0%-64.0% at 5 years) 

* The risk varies mainly depending on the availability of the results of the previous 
screening test. If negative, the risk of immediate HSIL/CIN3 is low. If the results are not 
available or unknown, the risk should be considered moderate. 
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The information provided by the colposcopic impression 
itself can also influence the need to perform multiple 

biopsies, including the potential collection of non-directed 
(random) biopsy obtained within the TZ.  

NOTE: The value of random biopsies to improve the sensitivity of the colposcopy is currently 
under discussion. Some reports suggest that the collection of only colposcopy directed 
biopsies can miss 30–55% of the cervical HSIL/CIN2+, depending on the colposcopist (IARC, 
2022). However, the benefit of collecting additional random biopsies to identify otherwise 
potentially missed lesions is not consistent across different studies and some authors claim 
that in countries in which colposcopy is part of a properly constructed, quality-assured 
program, normal colposcopy is associated with a very high NPV.  

 

Based on the screening results and the colposcopic impression, women can be 
stratified into the following risk levels (Table 2):  
 

Table 2. Level of cervical HSIL/CIN3+ risk based on the cytology, HPV test and colposcopy 
results  (Wentzensen et al., 2017)  
 

Level of risk 

Low risk 
(<0.5% for HSIL/CIN3+) 

 

Intermediate risk 
(0.5-28% for HSIL/CIN3+) 

High risk 
(≥29% for HSIL/CIN3+) 

The following 3 criteria are 
met: 
▪ Cytology <HSIL 
▪ No HPV 16/18 
▪ Normal colposcopy (no  

acetowhitening) 

Cases not included in the 
other 2 groups. 

At least 2 of the following 
criteria are met: 
▪ Cytology HSIL or worse, 

AGC or ASC-H 
▪ HPV 16 and/or 18 
▪ Colposcopy shows grade 

2 findings  
If the three criteria above are 
met, the risk for HSIL/CIN3+ is 
>70% 
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Scientific societies worldwide have issued new colposcopy standards and risk-based 
management guidelines for the lowest and highest risk groups for HSIL/CIN3+ based 
on the following observations: 
 

▪ For women in the lowest risk group for HSIL/CIN3+, biopsies could be avoided 
and a random biopsy should never be performed.  

▪ For women in the intermediate risk group, in the case of an abnormal 
colposcopy that does not suggest cervical HSIL/CIN3+ (acetowhite areas 
compatible with metaplasia or other minor abnormalities), a cervical biopsy 
should be performed in women with an HSIL cytology or HPV16 and/or 18 positive 
tests to avoid missing histological HSIL.  

▪ For women in the high-risk group, the benefit of taking random (non-targeted) 
biopsies from normal colposcopic areas within the TZ could be considered 
given their potential role in aiding detection of HSIL/CIN2+. 

.  

NOTE: For more information on national colposcopy guidelines, please see those published in 
the United States of America (Perkins et al., 2020) and Spain (Torné et al., 2018). 

The risk-stratification approach allows the adaptation of 
the colposcopy exam and the biopsy strategy to each 

particular case.  

1.2.5 Harmful effects of colposcopy  

Colposcopy is generally a well-tolerated examination with very few reported 
complications. The main drawbacks of colposcopy can be differentiated by its cause:  
 

Harm caused by the procedure itself 

Most of these side effects are mainly reported in women undergoing colposcopy for 
the first time and are minimised in subsequent examinations (O’Connor et al., 2017). 
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(i) Pain/discomfort: Some women may report mild or moderate discomfort due to 
prolonged placing of the speculum or application of acetic acid/iodine solution, as 
well as cramping or pain associated with the biopsy (Khan et al., 2017; Torné et al., 
2018). However, routine pre-procedure analgesia is not recommended as clinical 
studies have shown that oral or topical analgesics do not consistently reduce 
procedural pain.  
 
(ii) Anxiety: Colposcopy may have a psychological impact on women undergoing any 
of the procedures. Anxiety, worry and fear are the feelings most commonly described 
(Galaal et al., 2011; O’Connor et al., 2017). However, it is often unclear whether it is the 
diagnosis of an abnormal screening test or the colposcopy itself that contributes to 
negative feelings. Interestingly, the results of the procedure affect the course of any 
negative feelings. Some studies (Sharp et al., 2011, 2013) indicate that at 6 weeks post 
procedure, women with an abnormal TZ report significantly higher distress compared 
with women with a normal TZ. 
 
 (iii) Sensitivity or Anaphylactic reaction to iodine: The iodine solution used in 
colposcopy can produce immediate burning sensation that can be managed by 
washing out the vagina with normal saline solution. Isolated examples of allergic 
reactions have been described only very rarely (Indraccolo et al., 2009). 
 

Harm caused by inadequate indication for colposcopy 
Although colposcopy was initially used as a tool for primary screening of cervical 
cancer and precancer, an increased understanding of the natural history of HPV 
infection and its progression to cervical neoplasia has recently reduced the 
indications for colposcopy. Strict adherence to the colposcopy indications set out in 
the guidelines minimises the side-effects associated with inappropriate use of this 
procedure (Torné et al., 2018). 
 

Harm caused by lack of experience or quality assurance 
While colposcopy is generally a low-risk procedure, this may not necessarily be the 
case if it is performed without adequate training or by a service without quality 
assurance.  
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Colposcopy requires adequate training and experience to 
attain proficiency and ensure competence throughout the 

procedure. The false negative rate (missed cervical 
HSIL/CIN2+ lesions) of colposcopy is inversely related with 

the expertise of the colposcopist (Bekkers et al., 2008; 
Stuebs et al., 2019) 

 

 

 

ACTIVITY 

Read the following statements and decide if they are TRUE or FALSE. 

1. The colposcope allows for examination of the whole lower genital tract, 
including the cervix, vagina and vulva which provides relevant information for 
optimum clinical management. 

2. There is no correlation between the specific patterns or qualitative 
descriptions of a lesion and the final histologic diagnosis. 

3. The performance of the colposcopy is independent on the criteria used to 
take a biopsy. 

4. A random biopsy is a biopsy taken in an area that does not apparently qualify 
as high-grade lesion instead of that taken randomly at any normal area. 

5. The positive predictive values (PPV) of an abnormal colposcopy for 
histological HSIL/CIN2+ in cytology-based screening and in an HPV-based 
programme are similar. 

Did you know?  

Colposcopy has long been the cornerstone for diagnosing cervical lesions. However, in 
recent years, many groups have been working on applying artificial intelligence (AI) to 
image interpretation with the aim to improve colposcopy accuracy and reduce inter- and 
intra-observer variability. While AI is not yet widely available and much work remains, it holds 
promise as a valuable tool for screening and diagnosis in the near future. 
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6. A risk-based approach in the colposcopy and biopsy practice can avoid 
overburdening the health system and overtreating women at low risk of 
disease. 

7. Cytology and molecular test results, including HPV testing and genotyping, 
are used to estimate the risk of precancerous lesions. 

8. The information provided by the colposcopic impression, although 
interesting, does not influence whether to take or not a biopsy. Therefore, 
random biopsies are always recommended in the event of colposcopy 
referral. 

9. The harmful effects of colposcopy are those associated with the procedure 
itself, an inadequate indication or the lack of experience or quality assurance. 

10. The false negative rate (missed cervical HSIL/CIN2+ lesions) of colposcopy is 
independent from the expertise of the colposcopist. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The correct answers are: 

1 True, 2 False, 3 False, 4 True, 5 True, 6 True, 7 True, 8 False, 9 True, 10 False. 
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1.3 Other visual methods for resource-constrained settings 
When colposcopy is not available, such as in some resource-constrained settings, 
other visual methods are used. The visual techniques for screening and management 
of cervical lesions and cancer can be divided into two categories based on the level 
of information collected:  
 

▪ Naked eye examination with acetic acid (VIA) or Lugol’s iodine (VILI) which 
has been widely used to screen women for cervical precancerous lesions in 
low- and middle-income countries (LMIC).  

▪ Camera enhanced image capture which has been more recently used to 
improve the performance of VIA  

 

Naked eye examination (VIA, VILI) 
Naked eye examination of the cervix with acetic acid and/or iodine as a means of 
detecting cervical precancerous lesions arose because of the poor performance of 
the screening methods used in high income countries (cytology followed by 
colposcopy) when applied to LMIC.  
 
The results of a VIA examination are categorised as negative, positive or suspicious of  
cancer (Sankaranarayanan & Wealey, 2003; World Health Organization Regional 
Office for South-East Asia, 2017). VIA positivity rates vary considerably (5-35%) 
compared with other screening tests, which suggests that VIA performance is highly 
subjective and provider-dependent, with little reproducibility and varying thresholds 
used for test positivity in different studies (Almonte et al., 2015; Huchko et al., 2015; 
Shastri et al., 2014). The advantage of naked eye examination is that where the TZ is 
fully visible, VIA-positive women may be treated immediately during the same session 
with cryotherapy/thermal ablation using a single visit screen-and-treat approach 
(World Health Organization, 2021; World Health Organization, Geneva, Switerland, 2019). 
However, these women can also be referred for triage with colposcopy and treatment 
in the conventional manner. 
 
VIA sensitivity for detecting HSIL/CIN2+ ranges from 22.0% to 91.0% and specificity 
varies from 47.0% to 99.0% (World Health Organization, 2021).  
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VIA should not be performed in post-menopausal women, 
given the TZ cannot be correctly assessed. 

Lugol’s iodine (5%), for staining the cervix, has historically been used as a screening 
test for cervical precancer and cancer. However, it is relatively expensive. It can be 
prepared locally and should be discarded after 3 to 6 months.  
 

Camera enhanced visual inspection 

There are several emerging devices such as digital cervicography, smartphone 
attachments, intravaginal endoscopes or portable monoscopic devices for either 
improving or assisting VIA. As yet, there have been no large randomised controlled 
trials that would enable an objective assessment of their clinical value. 
 
For more information on these, please see Goldstein et al., 2020 and Parham et al., 
2015. 
 

ACTIVITY 

Read the following statements and decide if they are TRUE or FALSE. 

1. In resource-constrained settings, the only visual technique possible is the use 
of naked eye examination with acetic acid (VIA). 

2. VIA positivity rates and performance vary considerably between studies 
because of its subjectivity. 

3. VIA allows for a screen-and-treat strategy so that VIA positive women can 
undergo cryotherapy or thermal ablation in a single visit. 
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The correct answers are: 

1 False, 2 True, 3 True. 

 

1.4 Deep Learning / Artificial Intelligence  

1.4.1 Introduction to Deep Learning / Artificial Intelligence 

Automated approaches to image classification (Gulshan et al., 2016) have the 
potential to:  
 

▪ improve efficiency, reproducibility and coverage of screening programmes 

▪ reduce barriers to access 

▪ improve patient outcomes by facilitating early detection and treatment.  

 

Following this rationale, artificial intelligence (AI) has been explored in several medical 
fields including screening for diseases such as retinopathy in the diabetic population, 
or evaluation of X-rays or mammograms in cancer screening. In cervical cancer 
prevention, AI has been applied to the automated visual evaluation of cervical images, 
cervical cytology and biomarker-enhanced cervical cytology (Parham et al., 2023; 
Schiffman et al., 2017; Wentzensen et al., 2020).  
 
Artificial intelligence (AI) refers to computer systems which are able to perform tasks 
that normally require human intelligence, such as visual perception, speech 
recognition, decision-making and language translation.  
 
AI is a broad category that encompasses different analytical approaches (Figure 4): 
machine learning, neural networks and deep learning. 
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Figure 4. The broad category of artificial intelligence Adapted from Choi et al., 2020.  
 

What is machine learning? 
Machine learning is a type of AI that uses machines (computers) to detect data 
patterns that can be used to predict outcomes with a high degree of accuracy.  
 

What is deep learning? 
Deep learning is inspired by the network of neurons in the human brain. It is a specific 
type of machine learning method that uses many layers of arithmetic operations 
(Choi et al., 2020; Liu et al., 2019). It is an AI technology that can identify and classify 
objects, people, writing, and even actions within still or moving images. Typically driven 
by deep neural networks, image recognition is used for fingerprint ID systems, mobile 
check deposit apps, video and medical image analysis, self-driving cars, and much 
more.  
 
In a deep learning model for image analysis, each individual pixel in an image 
provides information gathered through different layers on various characteristics 
such as texture, edges, curves, etc. Using big data and advanced computational 
resources, these elements are analysed to provide an accurate diagnosis (outcome). 
 
A computer is more likely to provide an accurate diagnosis, as human classification 
of images remains subjective, even when performed by experts. Instead of shades of 
acetowhitening, a computer ‘sees’ a matrix of numbers representing pixels (Figure 5). 
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Computer vision typically involves computing the presence of numerical patterns in 
this matrix, then applying machine learning algorithms to distinguish images on the 
basis of these patterns. 
 

 
Figure 5 . Human versus computer vision of a cervical image. (Chartrand et al., 2017)  

 

In this section, we will briefly explore some examples as well as key elements in building 
an automated approach that could aid cervix visualisation in cervical cancer 
screening and reduce the subjectivity inherent in the interpretation of cervical 
cytology or visual inspection.  
 

1.4.2 Developing a machine learning algorithm  

Developing a machine learning algorithm is an iterative experimental process 
whereby the models (or algorithms) must be trained (the model is taught to identify 
the outcome of interest based on the reference standard used, such as a histological 
diagnosis) and tuned to the context and data in question. Once trained, the algorithm 
must be tested on previously unseen data by the model to ensure that the original 
data were not biased.  
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Care must be taken to avoid models too specific for a given 
data set – overfitting – as this would impact the model’s 

generalisability (Doshi-Velez & Perlis, 2019; Nevala, 2017). 

 

1.4.3 Practical example of machine learning in cervical image 
diagnostics 

Several studies have been published or are ongoing to evaluate the use of cervical 
images after acetic acid application using a deep learning technique called 
automated visual evaluation (AVE). AVE has garnered attention for its potential to 
enhance screening strategies in low- and middle-income countries (de Sanjosé et al., 
2024), however its intended use is not limited to low resource settings as application 
of AI to colposcopes is also under development (Yang et al., 2023).  
 
Figure 6 outlines the training process. In summary, the model (Ahmed et al., 2023; Hu 
et al., 2019; Parham et al., 2023) is generally trained using a certain proportion of the 
study images, with the histological evaluation of each case serving as the ground 
truth. Once trained, the algorithm is tested internally, and to ensure that the model is 
fully validated, it must be tested with a new dataset that the algorithm has not 
previously encountered.  
 

 
 

Figure 6 Training a supervised deep learning model. Original artwork by Kanan Desai 
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Studies reporting very high performance, such as those by Hu et al. (2019, 2024), need 
to confirm that results hold after external validation to guarantee that the models were 
not overfitting the data (Desai et al., 2020; Xue et al., 2020). AVE shows promise as an 
assistive technology when performing screen-triage-and-treat strategies (Pal et al., 
2021; Parham et al., 2023; Xue et al., 2020). However, AVE cannot be applied “out of the 
box” to new patient populations or used with different image capture devices than 
those used to train the original algorithm. Unless setting-specific images are provided 
to retrain the algorithm, it will fail to distinguish precancer/cancer at a rate much 
higher than chance alone (Desai et al., 2020). 
 

 

1.4.4 Practical considerations in the application of AI to cervical 
image diagnostics  

Despite the promise of AI, it is important to assess any study reporting on machine 
learning in cervical cancer screening before the use of the reported algorithm for 
lesion management in clinical practice (Box 1). 
 

Box 1. Checklist for evaluating studies on AI-based diagnostic algorithms for cervical 
cancer screening (Desai et al., 2020) 
 

Accuracy of the predictions.  

Does the algorithm discriminate well between normal and precancerous lesions? Has the 
algorithm demonstrated that its use improves clinical outcome management? Has the 
clinical indication for the algorithm been clearly specified?  

An algorithm achieving excellent results in a screening clinic may not be capable of 
improving clinical outcomes in the colposcopy population, since the latter may not include 
enough ‘normal’ cervices (i.e. the controls tend to look similar to actual cases, making 
discrimination more difficult).  

Did you know?  

Ascertainment of the SCJ/TZ type is crucial to manage women safely and not miss occult 
disease. At this time, not fully validated AI systems to assess SCJ/TZ have been published. AI 
systems are rapidly evolving and likely work as an assisted technology to human evaluation 
(Wu et al., 2024). 
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Reference standard.  

What reference standard for precancer has been used to train the algorithm?  

Histology is superior to expert review or cytology. Algorithms trained using visual 
impressions as ground truth labels will be limited by the inherent performance of VIA or 
colposcopic impression.  

Validation set.  

Has the model been validated in large and heterogeneous populations? Was the study 
based on the HIV population? Did the study include populations with a high prevalence of 
cervicitis and schistosomiasis? 

An algorithm based on non-HIV women may not be automatically transferrable to HIV-
positive women, since HIV-positive women have more severe lesions. The presence of 
cervicitis and schistosomiasis on the cervix may confuse the algorithm. 

Algorithm evaluation.  

How was the algorithm evaluated? How does it perform when compared to other methods? 

Results should ideally be tested in randomised clinical trials in actual clinical practice. The 
algorithm should also be at least non-inferior to the comparative screening method (e.g. 
VIA). 

Image source.  

Has the algorithm been assessed using images captured with a specific camera device?  

An algorithm trained on one type of digital camera image (e.g. cervigrams) may not be 
transferrable to other type of cervical image (e.g. smartphone). 

Algorithm purpose.  

Was the algorithm evaluated for use as a stand-alone tool or as an assistive technology for 
the healthcare provider?  

Image quality. 

Is there a well-established approach for assessing image quality? Does the algorithm 
accept blurry, unfocussed images?  

 
To conclude this extremely brief introduction to AI, the health professional exploring 
the use of an AI-based intervention should consider whether there is sufficient 
evidence that the approach provides a reasonable prediction comparable to that 
made by the best expert in the field. 
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ACTIVITY 

Read the following statements and decide if they are TRUE or FALSE. 

1. In cervical cancer screening, artificial intelligence has only been applied to 
the automated visual evaluation of cervical images from low-resource 
settings. 

2. A computer is more likely to provide an accurate diagnosis, as human 
classification of images remains subjective, even when performed by experts. 

3. Any study reporting on the performance of computer-aided diagnosis needs 
to be carefully assessed before its use for lesion management in clinical 
practice. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The correct answers are: 

1 False, 2 True, 3 True. 
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UNIT 2. DIAGNOSTIC TESTS / BIOPSY 

The classification of HPV-related tumours has evolved over the past decade in light of 
new and often key molecular discoveries that have influenced the categorisation of a 
number of these neoplasms.  
 

NOTE: The World Health Organization (WHO) recently published the fifth edition of Female 
Genital Tumours (IARC, 2020), containing some important revisions on HPV-related lesions. 

 
The evolution of the current morphological classification towards an integrated 
morphological-molecular classification will have an impact on diagnosis and 
treatment. In fact. HPV detection has dramatically changed the approach to epithelial 
tumours of the lower female genital tract.  
 
Adenocarcinomas of the uterine cervix are now divided into HPV-associated and HPV-
independent adenocarcinomas, with subsequent implications for prognosis.  
 
Squamous tumours of the lower female genital tract are also divided into HPV-
associated and HPV-independent, given important differences in their prognosis 
(Nicolás et al., 2019; Rodríguez-Carunchio et al., 2015). In this new classification, 
squamous precancerous lesions are primarily classified according to the two-tiered 
’Lower Anogenital Squamous Terminology (LAST) Standardization project (Darragh et 
al., 2012), though the three-tiered intraepithelial neoplasia classification (CIN1/2/3) 
can still be used (Mills et al., 2020).: 
 
According to the LAST classification, LSIL and HSIL are the preferred terms for both 
tissue and cytology specimens from the cervix on account of the improved 
reproducibility and enhanced biological relevance of the two-tiered LSIL/HSIL system 
versus the previous three-tiered CIN1/2/3 system, and the clarity of tissue-agnostic 
terminology given the shared pathogenesis of HPV-driven SIL across anogenital 
anatomical sites. HSIL may be subdivided into HSIL/CIN2 and HSIL/CIN3 because the 
first shows significantly higher regression rates, particularly in young women (aged 
<30) (Tainio et al., 2018). 
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Use of p16 immunostaining in squamous lesions classification: 
Recent studies have put forward a reproducible histological surrogate for HPV 
infection (p16 immunostaining), allowing for classification of histological samples 
without HPV testing.  
 
The tumour suppressor protein p16 is overexpressed in nearly all HSIL and some LSIL as 
a result of compensatory upregulation related to interference of the high-risk HPV 
oncoprotein E7 with pRb (Steenbergen et al., 2014). Application of p16 immunostaining 
is recommended by the LAST Standardization project in three specific contexts 
(Darragh et al., 2012): 

 

▪ to aid in distinguishing HSIL from mimics of precancer (immature metaplasia, 
atrophy, reparative changes or tangential sectioning);  

▪ to supplement morphological assessment for biopsy specimens interpreted as 
≤LSIL which are at high risk for missed high-grade disease based on previous 
tests such as a Pap smear or HPV test; and  

▪ to inform the diagnosis of HSIL (CIN2) versus LSIL (CIN1) in morphologically 
equivocal cases where the tissue positivity would support HSIL (CIN2).  

Overapplication of p16 is discouraged in biopsy specimens 
with a clear HSIL (CIN3) or LSIL diagnosis.  

A significant proportion of morphologically unequivocal LSIL show positive p16 staining 
which should not be reclassified as HSIL (CIN2) as it does not imply a significantly 
increased risk (Mills et al., 2015; Sagasta et al., 2016). 
 
p16 has shown little value in differential diagnosis of LSIL versus morphological 
changes with no significance in the pathway of carcinogenesis. In such instances, HPV 
RNA in situ hybridisation can prevent overdiagnosis of LSIL in morphologically 
equivocal cases, though its use should be restricted to morphologically challenging 
lesions to avoid unnecessary costs (Mills et al., 2017). 
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NOTE: Below you can find the essential and desirable criteria for the diagnosis of 

precancerous lesions. 

Essential criteria for SIL (CIN) diagnosis (Mills et al., 2020)  

HSIL (CIN2) 
Full-thickness atypia characterised by basaloid cells and mitotic activity 
extending into the upper half to upper two thirds of the epithelium, but with 
retained koilocytic change on the surface. 
HSIL (CIN3) 
Full-thickness atypia wherein the base of the lesion is often indistinguishable 
from the surface; mitotic activity may be identified throughout the 
epithelium; the upper portions of the epithelium show a significantly higher 
NC ratio than in LSIL and HSIL (CIN2). 

 

 

An improved classification /diagnosis of HSIL to identify 
those that are more prone to progress can lead to better 

inform clinicians on the need for treatment of CIN2/3 
lesions. 

 

ACTIVITY 

Read the following statements and decide if they are TRUE or FALSE. 

1. The current WHO guidelines recommend the classification of genital tumors 
in HPV-associated or HPV-independent. 

2. p16 immunostaining may assist to elucidate the HPV involvement in 
precancerous lesions without needing separate HPV testing. 

3. Use of p16 staining is encouraged also in clearly classified lesions. 

Did you know?  

HPV E4 is a marker of a productive infection whereas p16, Ki-67 and host-cell DNA 
methylation are markers of transforming infections. Combinations of these markers are 
being explored to identify lesions requiring treatment (Leeman et al., 2020 RISCC; Vink et al., 
2021 RISCC, 2023 RISCC). 
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The correct answers are: 

1 True, 2 True, 3 False. 
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SUMMARY 

▪ When performing a colposcopy examination, it is important to conduct both 
low- and high-powered examination of the TZ taking notes of the relevant 
image characteristics. 

▪ Specific colposcopy patterns such as coarse punctuation, coarse mosaic or 
dense acetowhitening and inner border sign and ridge sign have demonstrated 
correct predictive accuracy for high-grade squamous intraepithelial 
lesions/cervical intraepithelial neoplasia grades 2–3 (HSIL/CIN2–3). 

▪ The risk of underlying histological HSIL/CIN 2-3 can be estimated by assessing 
the information provided by the screening test (cytology and/or molecular test 
results such as HPV testing and genotyping) together with the colposcopy 
impression. 

▪ Colposcopy requires adequate training and experience to attain proficiency 
and ensure competence throughout the procedure. 

▪ Other visual techniques such as naked eye examination with acetic acid (VIA) 
or Lugol’s iodine (VILI); and camera enhanced visual inspection are being used, 
mainly in resource-constrained settings, for the diagnosis and treatment of 
cervical lesions. 

▪ AVE shows promise as an assistive technology for cervical image evaluation in 
the context of cervical cancer screening 

▪ WHO guidelines classify cervical tumours as HPV-associated that include 
around 95% of the tumors or HPV-independent tumours (5%). p16, an indirect 
surrogate for HPV infections, can assist in dubious cases. 
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