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Abstract
Purpose To evaluate the feasibility and diagnostic value of the combination of colposcopy, cytology and hrHPV (high-risk 
human papilloma virus) PCR (polymerase chain reaction) testing in patients with no or minor cytologic abnormalities and 
HPV high risk infection and to find the best predictors for the presence of CIN2 + in this patient collective.
Methods Three hundred and thirty-four hrHPV patients with normal cytology or minor cytologic abnormalities who had a 
colposcopic examination at the center of colposcopy at the university hospital Aachen in 2021 were enrolled in this retro-
spective cohort analysis. Multivariate logistic regression and a machine-learning technique (random forests, leave-one-out 
analysis) were used.
Results The overall risk for CIN2 + in hrHPV-positive patients with normal cytology was 7.7% (N = 18) (5% for CIN3 +), 
18% (N = 16) (10.1% for CIN3 +) in patients with PAP IIp (ASC-US) and 62.5% (N = 5) (25% for CIN3 +) in patients with 
PAP IIg (AGC). Variables that show a statistically significant influence for the CIN-status are ‘major change’ as the result of 
colposcopy, transformation zone type T1, PAP IIg upon referral (AGC) and hrHPV category 1a (HPV 16/18) detection. Using 
machine learning (random forests) techniques, the main influencing variables were confirmed. A monotonously decreasing 
risk for CIN2 + from hrHPV category 1a to 3 (in accordance to the IACR guidelines) was found.
Conclusion In the collective of hrHPV patients with no or minor cytologic abnormalities, the result of colposcopy and HPV 
PCR status are key predictors for the detection of CIN2 + with a monotonously decreasing risk for CIN2 + from hrHPV 
category 1a to 3.
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What does this study add to the clinical work 

In the collective of hrHPV (high risk human pap-
illoma virus) patients with no or minor cytologic 
abnormalities, besides the colposcopic result, HPV 
PCR status is a key predictor for CIN2+ detection 
with a monotonously decreasing risk for CIN2+ 
from hrHPV category 1a to 3. For a differential 
approach in cervical cancer screening depending on 
the detected HPV subtype, it is crucial to perform 
HPV tests with detection of different high risk gen-
otypes in clinical practice. Patients with hrHPV cat-
egory 3 should not be referred for colposcopy.

Introduction

Cervical cancer is the fourth most common tumour in women 
worldwide [1]. Human high-risk papillomavirus (hrHPV), 
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especially in persistent infections, causes cervical dysplasia 
(also known as cervical intraepithelial neoplasia [CIN]) and 
consecutively cancer [2–4]. Although the majority of women 
with a hrHPV infection will never develop CIN or cancer, 
a relatively large number of women is at risk of developing 
CIN. Nearly, all developed countries implemented cervical 
cancer screening programs in order to reduce the incidence 
of cervical cancer [5–13]. Due to the introduction of a pro-
gram in the 1970s cervical cancer is a rare disease in Germany 
today and only about 4300 patients are diagnosed with cervi-
cal cancer every year [14]. Due to overwhelming evidence 
from long-term prospective cohorts and randomized clinical 
trials demonstrating that hrHPV DNA testing is consider-
ably more sensitive than cervical cytology for the detection 
of cervical intraepithelial neoplasia grade and cancer, a new 
cervical cancer screening algorithm was implemented in 2020 
[15–21]. HrHPV testing was introduced as a supplementary 
test in patients with 35 years and older. As hrHPV testing is 
widely used, the optimal clinical management of women with 
hrHPV infection, especially combined with no or minor cyto-
logical abnormalities, remains a challenge. According to the 
German national guidelines, patients with one-time low-grade 
cytologic abnormalities (ASC-US) are referred to colposcopy 
if they carry a hrHPV infection. Also, patients with persis-
tent hrHPV infection over one year and normal cytology are 
referred [22]. As hrHPV has a high population prevalence 
[23], this new patient collective in the German cervical can-
cer screening has led to a high influx of patients in all centers 
for colposcopy. The challenge in the future development of 
cervical cancer screening programmes is to reach an optimum 
balance between benefit, harm and affordability.

Here, we present a study showing the incidence rates of 
CIN2 + and CIN3 + in the new cervical cancer screening 
cohort of patients with normal or no cytologic abnormali-
ties and HPV high-risk infection. We evaluated the feasibil-
ity and diagnostic value of the combination of colposcopy, 
cytology and hrHPV PCR (polymerase chain reaction) test-
ing and aimed to find the best predictors for the presence 
of CIN2 + using logistic regression and machine learning 
methods.

Methods

Study population

The study was designed as a retrospective cohort study of all 
patients referred to the center of colposcopy at the university 
hospital in Aachen in 2021 with normal (NILM) or minor 
(ASC-US, AGC) cervical cytological abnormalities and 
HPV high risk infection upon referral. In 2021 started the 
high influx of patients with normal cytologies to centers for 
colposcopy. Even though the new screening algorithm was 

implemented in 2020, women with normal cytology were 
only referred for colposcopy if they showed a persistently 
positive HPV test after one year.

Data collection

In our department, colposcopies are performed in standard-
ized conditions using a Leisegang 3MCV colposcope. The 
general assessment was carried out in accordance with the 
2011 International Federation for Cervical Pathology and 
Colposcopy (IFCPC) colposcopic terminology for the cer-
vix: transformation zone types were classified accordingly 
as 1, 2 or 3. Although all patients included in the study had 
a PAP smear and HPV testing upon referral, a conventional 
control Pap smear of the cervix, a control test for human 
papillomavirus (PCR for HPV DNA) and application of 5% 
acetic acid to the cervix represent the standard of care in our 
unit, and this procedure was carried out for every woman 
who was referred for colposcopy. The use of Lugol’s iodine 
solution was not routinely applied and its use remained at the 
examiners discretion. During the whole period of investiga-
tion, the Seegene Anyplex II HPV 28 detection kit was used. 
It simultaneously detects 19 high-risk and intermediate-risk 
HPV genotypes and 9 low-risk types and is certified for the 
use in cervical cancer screening [24, 25]. The classification 
of the HPV virus to the different categories was in accord-
ance with the IACR (international Association of cancer 
registries) guidelines. Category 1a included HPV 16 and 
18. HPV 31/33/35/52/58/45 were comprised in category 
1b. Category 2 included HPV 51/56/39/59 and category 3 
HPV 68/73/66. The detection of multiple HPV high-risk 
viruses was defined as HPV high risk multiple infection. 
The colposcopic findings were classified in accordance with 
the IFCPC into “normal,” “minor,” “major,” and “suspi-
cious for invasion/cancer.” Normal findings included, for 
example, metaplasia, viral warts, or polyps. Minor findings 
are defined by delicate puncturing, thin acetowhite epithe-
lium, and irregular and geographic borders. Typical major 
lesions are represented by sharp borders, an inner border, 
ridge sign, dense acetowhite epithelium, a coarse mosaic 
pattern, and coarse puncturing. Atypical vessels, fragile 
vessels, irregular surface, exophytic lesions, necrosis, and 
ulceration are suspicious for invasion [26]. A colposcopy 
directed biopsy was taken in all cases. In patients with T1 
transformation zone, it was taken from the most suspicious 
part of the acetowhite area. In case of T3 transformation 
zone, an endocervical curettage was performed. In some 
patients with multifocal lesions, more than one biopsy was 
taken. At least a slight acetowhite reaction was observed 
in all patients; thus, all patients included in the study had a 
histological work-up. The known risk factors for the pres-
ence of cervical intraepithelial dysplasia were collected for 
every patient (see Table 1), e.g., smoking, history of LEEP 
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and patients’ age. All colposcopies were performed by expe-
rienced, highly qualified and AG CPC certified staff at the 
DKG certified colposcopy unit at the University Hospital 
Aachen. Decisions regarding surgical treatment were based 
on the German S3 guideline for prevention of cervical can-
cer [27].

Ethical approval

The study was approved by the Ethics Committee at the 
RWTH Aachen University Faculty of Medicine, Germany 
in January 2022 (EK 011/22). All procedures performed in 
this study involving human participants were in accordance 
with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki Declaration 
and its later amendments.

Statistical analysis

Continuous variables are expressed as mean values ± stand-
ard deviation (SD). Categorical data are presented by abso-
lute frequencies and percentages. Differences in each vari-
able between CIN-status (CIN2 + or Non-CIN2 +) groups 
were summarized by descriptive statistics. The association 
between two categorical variables was investigated by con-
tingency tables.

Inferential statistics and predictive modelling

To identify the most meaningful predictor variables for 
CIN2 + and to classify patients according to these predictor 
variables, multivariate logistic regression as well as random 
forest was conducted.

Multivariate logistic regression

Multivariate logistic regression including all potential vari-
ables was performed to investigate their influence on the 
CIN status. The model selection was performed using the 
Akaike information criterion (AIC) [28]. The AIC is defined 
by 2k − 2ln(L) , where k is the number of predictor variables 
and L is the maximum value of the likelihood function of 
the logistic regression model. The better the model fits the 
data, the higher is the value of the likelihood function and 
thus the lower is the AIC. Models with lower AIC are bet-
ter. The number of predictor variables is entering the AIC 
positively, thus the 2k-term is often referred to as a “penalty 
term”, penalizing the addition of extra variables discourag-
ing overfitting. The best-fitting model, with the lowest AIC, 
is reported in the results section.

To assess performance of prediction for unseen data, the 
‘Leave-one-out’-method was used: For each subject, the 

Table 1  Patient characteristics

Total number (N = 334)

Cytology upon referral
 PAP I 233 (69.8%)
 PAP IIa 4 (1.2%)
 PAP IIg 8 (2.4%)
 PAP IIp 89 (26.7%)

Control cytology
 PAP I/IIa(NILM) 189 (57%)
 PAP IIg (AGC) 3 (0.9%)
 PAP IIp(ASC-US) 112 (33.5%)
 PAP IIID1 (LSIL) 14 (4.2%)
 PAP IIID2 (HSIL) 10 (3%)
 PAP IIIp (ASC-H) 3(0.9%)
 PAP IVap (HSIL) 3 (0.9%)

Result of control HPV PCR
 Neg 0 70 (20.1%)
 HPV 16 or 18 (category 1a) 77 (23%)
 HPV 31/33/35/52/58/45 (categorie 1b) 102 (31%)
 HPV 51/56/39/59 (category 2) 57 (17.1%)
 HPV 68/73/66 (category 3) 26 (7.8%)

HPV High-risk multiple infection
 Yes 75 (22.5%)
 No 256 (76.7%)
 Missing 3

Age
 Median 47
 Mean ± SD 48.57 ± 10.78
 Min 26
 Max 83

Smoking
 Yes 83 (24.9%)
 No 84 (25.2%)
 History of smoking 51(15.3%)
 Unknown 116 (34.7%)

History of HPV
 History of HPV category 1 39 (11.7%)
 History HPV category 2/3 9 (2.7%)
 History of HPV high risk (unspecified) 35 (10.5%)
 No history of HPV 251 (75.2%)

History of cytological abnormalities
 Yes 19 (5.7%)
 No 315 (94.3%)

HPV Low Risk Infection
 Yes 49 (14.7%)
 No 282 (84.4%)

Colposcopy
 Minor change 159 (47.6%)
 Major change 27 (8.1%)
 Normal 146 (43.7%)
 Inadequate 2 (0.6%)
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logistic regression model was derived based on the remain-
ing 333 subjects and the resulting model utilized to predict 
the probability of CIN2 + for the subject, who was left out 
during the training. If this probability was above 30% (due 
to imbalance data), the subject was classified as CIN2 + , 
otherwise as Non-CIN2 + . This procedure was repeated for 
all 334 subjects. The relative frequency of correct classifica-
tions is referred to as the accuracy. To make results compara-
ble to the machine learning (ML) procedure random forest, 
this standard ML-performance metrics was derived. To cor-
rect for imbalanced data (Non-CIN2 + : 295, CIN2 + : 39), 
additionally to accuracy, the balanced accuracy was derived. 
The balanced accuracy is the mean of the two relative fre-
quencies of positive and negative cases identified correctly.

Machine learning

As second method, machine learning, more specifically 
random forest, was used for the identification of meaning-
ful predictor variables and risk estimation of CIN2 +. The 
advantage of random forest compared to multivariate logistic 
regression is that random forest also recognizes non-linear 
relationships.

A random forest with 500 trees was applied on the data. 
The 500 random samples of the usual 63.2% of observa-
tions were used to fit 500 decision trees. Additionally, vari-
able importance was assessed to determine how important 

different variables are for classifying the CIN status cor-
rectly. As the regular CART trees are biased towards con-
tinuous variables and variables with many categories, unbi-
ased conditional inference trees were used to account for 
the situation of different variable types [29]. Due to imbal-
anced data, weights according to the relative frequencies 
of CIN status were used in the random forest. The same 
performance metrics as for logistic regression were assessed 
for random forest (i.e., accuracy and balanced accuracy). 
Again, to assess performance of prediction for unseen data, 
the ‘Leave-one-out’-method was used.

General

P < 0.05 was considered statistically significant. Because of 
the exploratory nature of the study the significance level was 
not adjusted for multiplicity. The statistical analyses were 
conducted using the statistical software R [30].

Results

One thousand four hundred eighty-one patients who pre-
sented to our center for colposcopy in the year 2021 were 
assessed for eligibility. A total of 334 patients with normal 
cytology (NILM, PAP I/IIa) or minor cytologic abnormali-
ties (ASC-US, PAP IIp or AGC, PAP IIg) upon referral were 
included in the study. 237 had hrHPV-positive/cytology-
negative results after return testing at 1 year and 97 had 
low grade cytologic abnormalities (ASC-US, AGC) and hr 
HPV positivity and were therefore referred for a colposcopic 
examination in 2021. The result of the colposcopy-directed 
biopsy or the endocervical curettage (in case of T3 trans-
formation zone) was normal in 81.1% (N = 271). CIN 1 was 
detected in 7.2% (n = 24), CIN2 in 4.8% (n = 16)and CIN3 
in 6.9% (n = 23). The localization of CIN2 + was ectocervi-
cal in 79.5% and endocervical in 20.5%. The patient’s char-
acteristics are displayed in Table 1 as well as the results 
of the control cytology and the result of the control HPV 
PCR. 20% of all patients had a negative control HPV PCR. 
Table 2 shows the comparison of cytology upon referral and 
control cytology. Median Age was 48.57 ± 10.78 years. The 
majority of included patients had a T3 transformation zone 
(62.6%). The result of the colposcopic examination was nor-
mal in 43.7% of cases and revealed minor or major changes 
in 47.6% and 8.1% of cases, respectively. 77% of the patients 
with CIN2 + received a loop electrical excision procedure of 
the cervix (LEEP). In 56.7% of the cases CIN2 + was also 
found in the histopathological workup of the LEEP, and in 
43.3% no residual disease was detected.

The results of the bivariate analysis are displayed in 
Table 3. In 7.6% (N = 18) of the hr HPV-positive patients 

Table 1  (continued)

Total number (N = 334)

Localization of transformation zone
 T1 63 (18.9%)
 T2 62 (18.6%)
 T3 209 (62.6%)

Result of colposcopy-directed biopsies
 Normal /no evidence of dysplasia 271 (81.1%)
 CIN 1 24 (7.2%)
 CIN 2 16 (4.8%)
 CIN 3 23 (6.9%)

Localization of CIN 2 + 
 Ektocervical 8 (20.5%)
 Endocervical 31 (79.5%)

Intrauterine device
 Yes 10 (3%)
 No 324 (97%)

Pervious conization
 Yes 24 (7.2%)
 No 310 (92.8%)

Presence of a cervical polyp
 Yes 11 (3.3%)
 No 323 (96.7%)
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with normal cytology upon referral, a CIN2 + was detected 
in the colposcopy-directed biopsies. In the group of patients 
with low-grade cytologic abnormalities, 18% (N = 16) of 
patients with PAP IIp (ASC-US) had a CIN2 + and 62.5% 
(N = 5) of patients with PAP IIg (AGC). Looking at hrHPV 
infection, in category 1, 19.5% (N = 15) of the patients had a 
CIN2 +, in category 1b 14.7% (N = 15), in category 2 10.5% 
(N = 6) and none in category 3. 16% of the patients with 
HPV high-risk multiple infection had a CIN2 + and 10.5% 
with no HPV high-risk multiple infection.

Regarding the results of the colposcopic examination, in 
patients with major change lesion a CIN2 + was detected 
with a relative frequency of 66.7%. If colposcopy revealed 
minor change lesions, 10.7% were detected and in 2.7% 
of patients with a normal colposcopy. As can be seen in 
Table 4, most cases resulting in normal or minor change 
colposcopy were patients with T3 transformation zone.

In patients with T1 transformation zone, a CIN2 + was 
detected in 30.1% (N = 19), in patients with T2 transforma-
tion zone in 16.1% (N = 10) and in patients with T3 transfor-
mation zone in 4.8% (N = 10).

Table 5 shows the results of the bivariate analysis using 
CIN3 + as outcome parameter. 5% of patients with normal 
cytology upon referral had CIN3 + (N = 12), 10.1% (N = 9) of 
patients with PAP IIp (ASC-US) and 25% (N = 2) of patients 
with PAP IIg (AGC).

The results of the multivariate analysis using logistic 
regression are displayed in Table 6. As control cytology 
and colposcopy-directed biopsies were often analysed by 
the same pathologist, control cytology was removed from 
the analysis because of potential bias and strong collinearity. 
Model selection based on the AIC [28] revealed the variables 
contributing sufficiently to the model (displayed in Table 6). 
Variables that show a statistically significant influence for 
the CIN status as the result of the colposcopy-directed biop-
sies are highlighted. Based on the final multivariate logistic 
regression model, ‘major change’ as the result of colposcopy 
had the main influence on the CIN status (p < 0.0001). Other 
variables with statistically significant influence on the CIN 
status were: the change from transformation zone type T3 to 
T1 and PAP IIg upon referral (AGC) and hrHPV category 
1a (HPV 16/18) detection. The accuracy of this model in 
predicting CIN2 + is 91%. As both groups are unbalanced 

in the number of patients, we also calculated a balanced 
accuracy, which is 75%.

In the random forest analysis, the result of colposcopy 
(major change) and transformation zone (type 1) were the 
most important variables, with an accuracy of 91% and bal-
anced accuracy of 71%.

The accuracy for unseen data is 90% for both the random 
forests analysis and logistic regression analysis. The bal-
anced accuracy is 70 and 72%, respectively.

Discussion

Since the introduction of the new cervical cancer screening 
in Germany, the rising numbers of colposcopies have been 
in the focus of discussion. Hr HPV-positive patients with 
normal cytology or minor cytologic abnormalities comprise 
a group of patients now in need of colposcopy according to 
the German national guidelines [22]. As hrHPV testing is 
widely used, the optimal clinical management of women 
with hrHPV infection, especially combined with no or minor 
cytological abnormalities, remains a challenge.

Here, we present data from our study using the combina-
tion of colposcopy, control cytology, colposcopy-directed 
biopsies and hrHPV testing (PCR) in detecting CIN2 + in 
patients with no or minor cytologic abnormalities.

Previous studies have mostly been concerned with con-
cordance rates between the different diagnostic tools and 
respective consistency rates [18, 31–34]. In clinical practice, 
it is the combination of all diagnostic tools that is routinely 
used and we sought to find the best predictors of CIN2 + in 
the patient collective of hrHPV-positive/cytology negative 
or low-grade cytologic abnormalities.

The most important predicting variables were the col-
poscopic presence of a major change lesion, T1 transfor-
mation zone, AGC (PAP IIg) as cytology upon referral 
and hrHPV category 1a infection. A combined accuracy 
rate of over 90% was achieved. As the two classes (non-
CIN2 + and CIN2 +) had quite different numbers of obser-
vations, we also calculated the balanced accuracy rate, 
which was still 75% in the logistic regression model. We 
were able to confirm the main predicting variables in the 
random forests analysis, which shows the robustness of our 

Table 2  Comparison of cytology upon referral and control cytology

PAP I/IIa IIg IIID1 (LSIL) IIID2 (HSIL) IIIp (ASC-H) IIp (ASC-US) IVap (HSIL)

PAP I (NILM) 152 1 8 6 3 62 1
PAP IIa (NILM) 3 0 0 0 0 1 0
PAP IIg (AGC) 3 1 1 2 0 0 1
PAP IIp (ASCUS) 31 1 5 2 0 49 1
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Table 3  Results of the bivariate 
statistical analysis using 
CIN2 + as positive endpoint

Neg (Non-CIN2 +) Pos (CIN2 +)

Cytology upon referral
 PAP I/IIa 219 (92.4%) 18 (7.6%)
 PAP IIg 3 (37.5%) 5 (62.5%)
 PAP IIp 73 (82.0%) 16 (18.0%)

Control cytology
 PAP I/IIa 184 (97.4%) 5 (2.7%)
 PAP IIp 96 (85.7%) 16 (14.3%)
 PAP IIg / IIID1 (LSIL) 9 (52.9%) 8 (47.1%)
 PAP IIID2 /IIIp /IV ap 6 (37.5%) 10 (62.5%)

Result of HPV PCR
 Neg 0 67 (95.7%) 3 (4.3%)
 HPV 16 or 18 (category 1a) 62 (80.5%) 15 (19.5%)
 HPV 31/33/35/52/58/45 (categorie 1b) 87 (85.3%) 15 (14.7%)
 HPV 51/56/39/59 (category 2) 51 (89.5%) 6 (10.5%)
 HPV 68/73/66 (category 3) 26 (100%) 0
 Missing 2 0

HPV High-risk multiple infection
 Yes 63 (84.0%) 12 (16.0%)
 No 229 (89.5%) 27 (10.5%)

Age
 Mean 49.1 44.5

Smoking
 Yes 69 (83.1%) 14 (16.9%)
 No 77 (91.7%) 7 (8.3%)
 History of smoking 45 (88.2%) 6 11.9%)
 Unknown 104 (89.7%) 12 (10.3%)

History of HPV
 History of HPV category 1 34 (87.2%) 5 (12.8%)
 History HPV category 2/3 9 (100%) 0
 History of HPV high risk (unspecified) 33 (94.3%) 2 (5.7%)
 No History of HPV 219 (87.3%) 32 (12.8%)

History of cytological abnormalities
 No 281 (89.2%) 34 (10.8%)
 Yes 14 (73.7%) 5 (26.3%)

HPV low risk infection
 Yes 45 (91.8%) 4 (8.2%)
 No 247 (87.6%) 35 (12.4%)

Colposcopy
 Minor change 142 (89.3%) 17 (10.7%)
 Major change 9 (33.3%) 18 (66.7%)
 Normal 142 (97.3%) 4 (2.7%)
 Inadequate 2 0

Localization of transformation zone
 T1 44 (69.9%) 19 (30.1%)
 T2 52 (83.9%) 10 (16.1%)
 T3 199 (95.2%) 10 (4.8%)

Intrauterine device
 Yes 9 (90.0%) 1 (10.0%)
 No 286 (88.3%) 38 (11.7%)

Pervious conization
 Yes 21 (87.5%) 3 (12.5%)



887Archives of Gynecology and Obstetrics (2023) 307:881–890 

1 3

results. Using the leave-one-out-analyses, we were able 
to assess performance metrics for unseen data for both 
techniques (logistic regression and random forest). The 
accuracies for unseen data were still above 90% for both 
techniques and the balanced accuracies 72% and 70% for 
logistic regression and random forest, respectively.

Previous reports found low sensitivity rates for colpos-
copy in a screening population of patients without history 
of abnormal PAP smears and therefore did not recommend 
colposcopy in this patient collective [35]. In our study, 
the balanced accuracy rate of colposcopy, cytology and 
hrHPV testing was in the range of the colposcopic accu-
racy of previous reports [35–38]. Thus, the combination of 
colposcopy and hrHPV PCR testing in a hrHPV-positive 
patient collective of no- or low-grade cytologic abnormali-
ties achieves similar diagnostic accuracy as colposcopy 
alone in a patient collective of patients with history of 
abnormal PAP smears.

This result is quite remarkable, especially given the fact 
that most of the patients had a T3 transformation zone [34, 
39]. In our experience, upon splaying the cervical canal 
at least with a cotton swab, in many cases it is possible to 
detect suspect lesions even if they are localized in the cervi-
cal canal. As all patients received biopsies or an endocervi-
cal curettage, the risk of missed dysplasia is low. In 20% 
of the cases, CIN2 + was only detected by the performed 
endocervical curettage, which is routinely performed in 
patients with T3 transformation zone. This result emphasizes 
the importance of an endocervical curettage in this patient 
collective formerly described as patients with unsatisfactory 
colposcopy. The detection rates in the endocervical curettage 
in the patient collective of hrHPV-positive/cytology low risk 
or negative are in line with previous reports [40, 41].

The overall risk for CIN2 + in hrHPV-positive patients 
with normal cytology was 7.7% (5% for CIN3 +). In the 
group of hrHPV-positive patients with low-grade cytologic 
abnormalities the rate of CIN2 + was higher: 18% of patients 
with PAP IIp (ASC-US) had a CIN2 + (10.1% for CIN3 +) 
and 62.5% (N = 5) of patients with PAP IIg (AGC) (25% for 
CIN3 +). The presented data are useful for the calibration 
of our national screening program. The threshold for refer-
ring to colposcopy will be in the centre of discussion for a 
while since it is based on accepted cervical cancer risk, the 
population real-world screening data and screening capac-
ity [42, 43].

Table 3  (continued) Neg (Non-CIN2 +) Pos (CIN2 +)

 No 274 (88.4%) 36 (11.6%)
Presence of a cervical polyp
 Yes 8 (72.7%) 3 (27.3%)
 No 287 (88.9%) 36 (11.1%)

Table 4  Comparison of the result of the colposcopic examination and 
localization of the transformation zone

Major change Minor change Normal

T11 14 (22%) 41 (65%) 8 (13%)
T2 8 (13%) 41(66%) 13 (21%)
T3 5 (2%) 77 (37%) 125 (60%)

Table 5  Results of the bivariate statistical analysis using CIN3 + as 
endpoint

Neg (non CIN3 +) CIN3 + 

Cytology upon referral
 PAP I /IIa 225 (95.0%) 12 (5.0%)
 PAP IIg 6 (75.0%) 2 (25.0%)
 PAP IIp 80 (89.9%) 9 (10.1%)

Control cytology
 PAP I/IIa 186 (98.4%) 3 (1.6%)
 PAP IIg / IIID1 (LSIL) 13 (76.5%) 4 (23.5%)
 PAP IIp 102 (91.1%) 10 (8.9%)
 PAP IIID2 /IIIp /IV ap 10 (62.5%) 6 (37.5%)

Result of HPV PCR
 Neg (category 0) 68 (97.1%) 2 (2.9%)
 HPV 16 or 18 (category 1a) 64 (83.1%) 13 (16.9%)
 HPV 31/33/35/52/58/45 (categorie 

1b)
96 (94.1%) 6 (5.9%)

 HPV 51/56/39/59 (category 2) 55 (96.5%) 2 (3.5%)
 HPV 68/73/66 (category 3) 26 (100%) 0

Missing

Table 6  Results of logistic regression

Significant results (p< 0.05) are printed bold

Estimates p-values

T1 transformation zone 1.4387 0.00821
T2 transformation zone 0.3844 0.52578
PAP IIg upon referral 2.8218 0.00190
PAP IIp upon referral 0.5701 0.23730
Colposcopic major change lesion 3.4870  < 0.0001
Colposcopic minor change lesion 0.8640 0.17449
HPV category 1a 7.9650 0.01433
HPV category 1b 1.4496 0.06620
HPV category 2 1.4584 0.09646
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In another report, the detection rate of CIN2 + in patients 
with normal cytology was higher, but that might be based 
on a selection bias since not all patients received colpos-
copy and colposcopy -directed biopsies in that study [31]. 
Another possible explanation is the high quality of screening 
cytology in the region with low rates of under-diagnosis.

Interestingly, in the majority of the cases the control 
cytology was worse than the cytology upon referral. We 
attributed this effect to the previously described phenom-
enon of informed cytology [44, 45]. The cytotechnician’s 
assessment is influenced by the knowledge of the histologi-
cal sample, hrHPV status and sometimes even the reported 
result of the colposcopic examination.

The colposcopy was found to be normal in only 44% 
of the cases but the histological assessment was normal 
in almost twice as many cases. A colposcopy with minor 
changes is not found in the category “normal”. In case 
of minor changes, no high-grade lesion is suspected and 
accordingly the histological finding is normal in many of 
these cases as well. In our opinion, this explains the normal 
histological assessment in twice as many cases.

We were able to show a monotonously decreasing risk 
for CIN2 + and CIN3 + from hrHPV category 1a to 3. 
Interestingly, in hrHPV-positive patients of category 3 no 
CIN2 + was found at all. HrHPV 16/18 detection is a key 
predicting factor for the presence of CIN2 + . This finding 
is in line with other reports demonstrating a significantly 
higher risk for CIN2 + and CIN3 + in patients with HPV 
16 or 18 positivity than in patient with other hrHPV [42, 
46–48]. In order to calibrate the screening algorithm a dif-
ferential approach depending on the detected HPV category 
might be useful. In our opinion, patients with hrHPV posi-
tivity of category 3 should not be referred for immediate 
colposcopy.

The rate of normal histological findings in the cone 
specimen was rather high in the studied patient collective: 
In 43.3%, no residual disease could be detected despite a 
histologically confirmed CIN2 + in the biopsy or endocer-
vical curettage. As small colposcopic lesions are associ-
ated with absence of CIN in the LEEP [49],we assume that 
CIN2 + lesions in the patient collective with normal or minor 
cytologic abnormalities, are often very small and are fre-
quently removed completely by the performed biopsy.

Our study has several strengths and limitations that need 
to be addressed. Using machine-learning techniques, we 
are able to present results of a state-of-the-art classifica-
tion method for assessing the accuracy of diagnostic in 
hrHPV-positive patients with no- or low-grade cytological 
abnormalities confirming the importance of colposcopy and 
HPV testing. The included number of patients in the study is 
quite large but has a natural imbalance regarding the sample 
sizes of the endpoint (CIN2 + vs. non-Cin2 +). That fact was 

accounted for in the statistical analysis using weights and 
calculating balanced accuracy rates.

Conclusion

In the collective of hrHPV patients with no or minor cyto-
logic abnormalities, colposcopy can be confirmed as the 
most important diagnostic tool. Besides the result of the 
colposcopy, HPV status is a key predictor for the detec-
tion of CIN2 + with a monotonously decreasing risk for 
CIN2 + and CIN3 + from hrHPV category 1a to 3. For a dif-
ferential approach depending on the detected HPV subtype, 
it is crucial to perform HPV tests with detection of different 
high-risk genotypes in clinical practice. As in the collective 
of hrHPV-positive patients of category 3 no CIN2 + lesion 
was found at all, these patients should not be referred for 
colposcopy.
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