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ABSTRACT 

Objectives: Possible discrepancies between the cervical smear, biopsy histology and loop 

electrosurgical excision procedure (LEEP) results of the same patient is a matter of debate in 

the literature. In this study, we investigate the degree to which these results differ, and the 

clinical reasons for these differences. 

Material and methods: With a retrospective design, cervical smear, cervical biopsy and 

LEEP results of patients were compared in terms of consistency. One hundred sixty-four 

patients who underwent till LEEP procedure due to pathologic initial smear and biopsy results 

between January 2015 and March 2020 were included in the study.  

Results: Exact diagnosis discrepancy and high grade squamous intraepithelial lesion (HSIL) 

discrepancy were 78.9% and 50.0% between smear and cervical biopsy, 64.6% and 31.7% 

between cervical smear and LEEP and 43.8% and 28.1% between cervical biopsy and LEEP 

results, respectively. Age did not affect the consistency rates of pathologic results between 

smear-biopsy (p = 0.408) and biopsy-LEEP (p = 0.590). However, the probability of the 

consistency of smear and LEEP results exhibited a statistically significant linear relation with 

age (OR = 1.043, p = 0.015). HPV infections did not affect the discrepancy between smear-



biopsy (p = 0.533), smear-LEEP (p = 1.000) and biopsy-LEEP (p = 0.529) 

Conclusions: Smear technique has a serious discrepancy and under-diagnosis problem when 

its results are compared with biopsy and LEEP. The consistency between smear and LEEP 

results appears to improve with age. When HSIL is evaluated in terms of detection, this 

discrepancy decreases. A smear test can detect HSIL and carcinoma with a higher accuracy 

than low-grade lesions. 
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INTRODUCTION 

Cervical cancer is a type of gynaecological cancer that turns into an invasive lesion 

following the premalignant lesion stage. The incidence of cervical cancer in Europe was 

11.2/100,000 and the mortality rate was 3.8/100,000 women according to a 2018 study [1]. 

Premalignant lesions are cancer precursors that occur due to dysplasia in the cervical 

epithelium. With cervical screening programs, premalignant lesions can be detected before 

they turn into invasive cancer. 

Cervical Pap smear screening, which was defined by Papanicolaou in the 1940s, is 

widely used in the world today [2]. Cervical screening programs are based on cervical cancer 

precursors and early-stage disease detection. Screening programs provide the opportunity to 

catch and treat the disease at an early stage or the premalignant stage. However, there is a risk 

of unnecessary cervical intervention due to false positivity or a possible cervical cancer 

bypasses due to false negativity. The sensitivity of Pap smear was reported as < 70% in some 

studies [3–5].  A recent study reported that the sensitivity, specificity, positive predictive and 

negative predictive values of Pap smear were 55.5%, 75%, 88.2% and 33.3%, respectively 

[6]. 

There can be discrepancies between cervical cytology results and biopsy histology. 

Discrepancy rates were reported between 11–28% in various studies [7–9]. Similarly, studies 

are reporting 43–86% consistency between colposcopy-guided cervical biopsy results and 

LEEP results [10–14].  

In this study, we aim to investigate the discrepancy rates between cervical smear, 

cervical biopsy and conization results and the clinical reasons behind them. 

 

MATERIAL AND METHODS 

This diagnostic test comparison study was conducted with permission from the 

Clinical Research Ethics Committee of Kutahya Health Sciences University in Kutahya, 



Turkey (2020/07-13). Cervical cytology, cervical biopsy and LEEP results of patients who 

underwent LEEP between January 2015 and March 2020 at Evliya Çelebi Education and 

Research Hospital of Kutahya Health Sciences University were compared in terms of 

consistency. Demographic information, clinical and pathology records of patients were 

obtained from patient files. 164 cases were included in the study.  

Thin prep cytologic test (TCT, Hologic, USA) was used to perform the liquid-based 

cervical cytology. Pap smear results were classified according to the Bethesda system as 

“negative in terms of malignancy and intraepithelial lesion”, “atypical squamous cells of 

undetermined significance (ASC-US)”, “low grade squamous intraepithelial lesion (LSIL)” 

and “high grade squamous intraepithelial lesion (HSIL)”. In the cervical biopsy, 

intraepithelial lesions were classified as cervical intraepithelial neoplasia (CIN) I, II, III based 

on the degree of dysplasia [15]. Abnormal Pap smear results were managed based on the 

ASCCP recommendations in the hospital where the study took place [15]. 

For women 30 years old or older with HPV-positive but cytology-negative co-testing, 

repeat co-testing was done one year later. If the HPV test was positive or cytology was ASC-

US or worse at the one-year repeat co-test, colposcopy was performed. The colposcopy 

indications were performed according to The American Society for Colposcopy and Cervical 

Pathology Colposcopy Standards: abnormal or inconclusive PAP smear test, abnormality 

found during pelvic examination, abnormal genital tract bleeding, or unexplained 

cervicovaginal discharge and past cytologic and/or pathologic anogenital tract abnormalities 

[16].  As a result of cervical cytology, a biopsy was performed in the case of abnormal 

findings and/or abnormal findings in colposcopic cervical examination [17]. In cases where a 

colposcopic examination was insufficient, LEEP was applied to the non-pregnant cases. HPV 

results of 127 (77.4%) subjects were evaluated. 

Following the ASCCP recommendations, patients who were not pregnant and who had 

HSIL as a result of cervical cytology, except for the 21-24 age group, underwent direct LEEP 

without or after a colposcopic directed biopsy.  

 

Statistical analyses 

Clinical and pathological data of the cases were analyzed. Consistency of the patients’ 

results for smear, colposcopy-directed biopsy and LEEP were presented by pairwise 

comparison tables and consistency rates were calculated by using Cohen's kappa (κ) 

coefficient. In addition, in order to detect the discrepancy due to under-diagnosis, weighted 

Cohen's kappa model was used to give penalty only for under-diagnosis of the former 



technique compared to the latter technique’s pathology result. In this analysis the pathology 

results with same diagnosis or over-diagnosis were counted as consistency. κ values < 0 were 

considered as no agreement, 0–0.20 as slight, 0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–

0.80 as substantial, and 0.81–1.00 as almost perfect agreement. In order to evaluate the effect 

of age on techniques’ consistency, generalized additive model (GAM) with restricted 

maximum likelihood (REML) approach was performed. In the analysis of consistency of 

smear and LEEP techniques, GAM analysis gave a smooth with one degree of freedom which 

indicated that the relation was linear. Therefore, logistic regression analysis was performed to 

evaluate the probability of consistency between smear and LEEP. Pearson chi square test was 

conducted in order to evaluate the consistency between techniques in patients with and 

without initial HPV positivity. All statistical analyses were performed using SPSS statistical 

software (version 25.0; SPSS Inc., Chicago, IL, USA) and R statistical computing software 

(version 3.5.0, https: //www.r- project.org/). A p-value < 0.05 was considered as statistically 

significant. 

 

RESULTS 

The study was conducted with 164 cases. The mean age of the patients was 46.68 ± 

9.56 years. There were no pregnant women in the sample. A colposcopic cervical biopsy was 

performed in 128 (78%) of the 164 patients who underwent LEEP, and the remaining 36 

(22%) patients underwent LEEP directly without a colposcopic biopsy. One hundred twenty-

seven cases had HPV test results. High-risk HPV types were positive in 115 (90.4%) cases, 

low-risk HPV types were positive in six (4.8%) cases and negative in six (4.8%) cases. 16, 18, 

26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73 and 83 were accepted as high-risk 

HPV types.  6, 11, 40, 42, 43, 44, 54, 61, 70, 72 and 81 were accepted as low risk HPV types. 

Agreement level between the techniques on the exact diagnosis are presented in the first 

column of Table 1 with Cohen Kappa statistics. In the second column, weighted Cohen’s 

Kappa statistics measuring the reliability of the pairwise comparison of the techniques are 

given. These weighted kappa values accepted only the under-diagnosed results of the first 

technique compared to the latter as source of discrepancy. The exact diagnosed and over-

diagnosed results of the prior technique with reference to the latter technique were accepted as 

agreement. Lastly, all pathology results were recoded as being HSIL + or not, and the 

consistency on HSIL agreement was presented with again Cohen’s Kappa statistic. 

Pairwise comparisons of cervical smear, colposcopy-directed biopsy and LEEP results are 

given in Table 2, 3 and 4.  



According to GAM analysis which evaluates not only linear but also non-linear 

relations, age did not appear to affect the consistency of smear-biopsy (p = 0.408) and biopsy-

LEEP results (p = 0.590). However, age demonstrated a statistically significant smooth (p = 

0.016) with one degree of freedom (which implies a linear relation as shown in Fig. 1), on its 

effect on the consistency rates between the smear and LEEP. The consistency rates increased 

with the odds ratio of 1.043 by one-year increase in age (p = 0.016). 

Between HPV + and HPV — patients, the consistency rates of smear-biopsy comparison 

(23/104, 0/5, p = 0.533, respectively), biopsy-LEEP comparison (59/104, 3/5, p = 1.000, 

respectively) and smear-LEEP comparison (35/120, 3/6, p = 0.529, respectively) were all 

statistically similar. 

 

Discussion 

In this study, the discrepancy was determined as 78.9% between a cervical smear and 

cervical biopsy results, 64.6% between cervical smear and LEEP results, and 43.8% between 

colposcopic biopsy and LEEP results. Increasing age appears to have a positive and linear 

effect on the consistency rates between smear and LEEP. In detecting the HSIL accurately, 

there were 50.0% discrepancy between a cervical smear and cervical biopsy results, 31.7% 

between cervical smear and LEEP results, and 28.1% between colposcopic biopsy and LEEP 

results.   

There are several studies investigating the consistency of smear and colposcopic 

biopsy techniques in the literature. In the Anschau et al. [18] study, in 54% (235/431) of the 

cases there was concordance between cytology and biopsy histology of the cervix. In 34.5% 

(149/431) of cases, cytology pointed to a less severe diagnosis compared to histology. In 

10.9% (47/431) of the cases, cytology indicated a more severe diagnosis. In our study, smear-

cervical biopsy concordance was found to be 21.1%. Like Anschau’s study, for smear results, 

we found a much higher rate of under-diagnosis (75%) than over-diagnosis (3.9%). In the Pap 

smear test, Goodman et al. [19] found that 5% of the women who underwent co-testing with 

negative Pap tests had HSIL on the follow-up biopsy. In our study, 47.6% (49/103) of the 

women with negative smear test had HSIL on cervical biopsy. These results suggest that the 

smear technique has a serious discrepancy and under-diagnosis problem relative to biopsy and 

LEEP. 

Poomtavorn et al. [20], report the rate of colposcopic cervical biopsy discrepancy as 

45.7% with the Pap smear test and the rate of colposcopic directed biopsy histology 

discrepancy as 29.5% with the Pap smear test. Alanbay et al. [21], report that when the level 



of atypia increases in cervical cytology, cytology-histology consistency rate increases. In our 

study, while the exact diagnosis of cervical cytology with LEEP was 27.3% for LSIL, this 

rate increased to 81.8% for HSIL. These results are consistent with the hypothesis in Alanbay 

et al. 

Several demographic parameters and clinical features were investigated as the possible 

drivers of the discrepancy in the results of the different techniques. Poomtavorn et al. [20], 

report that factors associated with cytohistologic discrepancy were nulliparity and 

postmenopausal status and having no oral contraceptive pill use. In addition, Jung et al., 

report that the concordance between cervical punch biopsy and conization is lower between 

the ages of 30 to 60, and higher after the age of 60 compared to women before the age of 30. 

By the way, these comparisons were statistically insignificant, however, which suggests a 

complex relationship between age and the concordance of techniques [14]. Keeping this 

complex relation in mind, we used GAM analysis which does not presume a linear 

relationship between parameters. Nevertheless, our analysis has pointed out a statistically 

significant linear relationship between increasing age and the consistency rates between smear 

and LEEP (Fig. 1).  The reason behind the discrepancy of the results at younger ages may be 

due to the difficulty of evaluating the pathologic smear results, since women at the 

reproductive stage have higher infection rates.  

The literature indicates less discrepancy between cervical biopsy and conization 

results relative to smear and conization. Aydogmus et al. [22], report a 36% discrepancy 

between cervical biopsy and conization results. The prospective study of Peousis et al. [23], 

compares the results of colposcopy, punch biopsy and conization  and report the discrepancy 

between cervical biopsy and conization results accompanied by colposcopy as 36.6% 

(38/104). In our study, a discrepancy rate of 17.2% (22/128) was found between colposcopic 

biopsy and LEEP results. In studies evaluating the presence of HSIL, there is evidence of low 

concordance between colposcopic cervical biopsy and LEEP results [13, 14]. A prospective 

study shows that colposcopic biopsy results report lower rates of HSIL than LEEP [24]. In the 

study of Kim and et al. [24], in terms of HPV detection, 67.7% concordance was found 

between colposcopic biopsy and LEEP results and 26.6% of the colposcopic biopsy results 

was under-diagnosis. In the same study, it was emphasized that in various studies that it is 

difficult to differentiate LSIL and HSIL with colposcopic cervical biopsy, and therefore 

pathologists use immune-histochemical staining for cases in-between [25, 26]. In addition, 

like our results, all these studies indicate that the consistency between smear and histologic 

results increases for more invasive lesions of the cervix [19, 23–27]. 



The reason behind the discrepancy of the results between techniques may be due to 

performing incorrect technique during the sampling or misinterpretation of the results of the 

techniques. In several studies, it is reported that approximately two-thirds of the results that 

were false negative due to cervical cytology resulted from insufficient sampling [28]. 

In the literature, there are few studies on HPV and its relationship with the discrepancy 

of the techniques. In one study, it is reported that HPV testing and genotyping had limited 

value in risk stratification due to the extremely low positive predictive value and that focused 

rescreening of hrHPV-positive NILM with obscuring factors may help reduce the 

interpretation variances. 

This study is the one of the few in the literature which evaluates the pairwise 

agreement of the techniques. The under-diagnosis discrepancy was also specifically 

investigated. The positive linear relationship between increasing age and the consistency rate 

of the smear and LEEP was presented for the first time with no statistical presumptions of 

linearity. However, the major limitation of the study is that the analysis regarding the 

discrepancy and HPV state may suffer from type 2 error since the sample is small. One 

hundred twenty-seven of the cases had HPV results recorded and HPV negative cases 

consisted only 4.8% of this sample. The low share of HPV negative cases is expected since 

the premalignant lesions of the cervix are mainly caused by the HPV infections.  

 

CONCLUSIONS 

Smear technique has a serious discrepancy and under-diagnosis problem when its 

results are compared with biopsy and LEEP. Increasing age seems to improve consistency 

between smear and LEEP results. When HSIL is evaluated in terms of detection, the 

discrepancy rate decreases. A smear test can detect HSIL and carcinoma with higher accuracy 

than low-grade lesions. 
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Figure legends 

 

Figure 1. Diagnostic consistency of cervical biopsy and loop electrosurgical excision 

procedure (LEEP) results according to age  

 

 

 

 

 

 

 

 

 

 

 



Table 1. Consistency of patients’ pathologic results between smear colposcopy-directed biopsy 

and loop electrosurgical excision procedure were presented by pairwise comparison tables and 

consistency rates 

 

 

Exact Diagnosis 
Under-diagnosis 

Discrepancy 
HSIL vs non-HSIL 

  
Cohen

's κ 

p 

valu

e 

Discrepan

cy 

Weight

ed 

Cohen's 

κa 

p 

valu

e 

Discrepan

cy 

Cohen

's κ 

p 

valu

e 

Discrepan

cy 

Smear vs 

Colposco

pic biopsy 

-0.001 
0.96

2 

78.9% 

(101/128) 
–0.021 

0.87

3 

75.0% 

(96/128) 
0.027 

0.52

0 

50.0% 

(64/128) 

Smear vs 

LEEP 
0.067 

0.07

5 

64.6% 

(106/164) 
0.010 

0.93

1 

60.4% 

(99/164) 
0.170 

< 

0.00

1 

31.7% 

(52/164) 

Colposco

pic biopsy 

vs LEEP 

0.310 

< 

0.00

1 

43.8% 

(56/128) 
0.360 

0.06

4 

17.2% 

(22/128) 
0.440 

< 

0.00

1 

28.1% 

(36/128) 

aNo penalty were given to the over-diagnosed results of the former technique compared to latter 

technique; LEEP — loop electrosurgical excision procedure 

 

 

 

 

 

 

 

 



Table 2. Comparison of pathological results between a cervical smear and colposcopy-directed 

biopsy of patients 

 

Colposcopic Biopsy 

    

  
No 

Dysplasia 
LSIL HSIL Carcinoma TOTAL 

   
Smear 

        
No 

Dysplasia 

19 

(18.4%) 

35 

(34.0%) 

49 

(47.6%) 
0 (0.0%) 103 

 

75,00% 
Under-diagnosed (n = 

96) 

LSIL 2 (11.8%) 
3 

(17.6%) 

12 

(70.6%) 
0 (0.0%) 17 

 

21.1% 
Correctly diagnosed (n 

= 27) 

HSIL 1 (12.5%) 
2 

(25.0%) 

5 

(62.5%) 
0 (0.0%) 8 

 

3.9% Over-diagnosed (n = 5) 

Carcinoma 0 (0.0%) 
0 

(0.0%) 

0 

(0.0%) 
0 (0.0%) 0 

   
TOTAL 22 40 66 0 128 

   
LSIL — low grade squamous intraepithelial lesion; HSIL — high grade squamous 

intraepithelial lesion 

 

 

 

 

 

 

 

 

 

 

 

 



Table 3. Comparison of pathological results between cervical colposcopy-directed biopsy and 

loop electrosurgical excision procedure of patients 

 

LEEP 

  
 

 

  
No 

Dysplasia 
LSIL HSIL Carcinoma TOTAL 

 

 

 
Colposcopic 

Biopsy 

      

 

 
No 

Dysplasia 

10 

(45.5%) 

9 

(40.9%) 

3 

(13.6%) 
0 (0.0%) 22 

 

17.20% 
Under-diagnosed (n = 

22) 

LSIL 
10 

(25.0%) 

21 

(52.5%) 

9 

(22.5%) 
0 (0.0%) 40 

 

56.20% 
Correctly diagnosed 

(n = 72) 

HSIL 
8 

(12.1%) 

16 

(24.2%) 

41 

(62.1%) 
1 (1.5%) 66 

 

4.30% 
Over-diagnosed (n = 

34) 

Carcinoma 0 (0.0%) 
0 

(0.0%) 

0 

(0.0%) 
0 (0.0%) 0 

 

 

 
TOTAL 28 46 53 1 128 

 
 

 
LEEP — loop electrosurgical excision procedure; LSIL — low grade squamous 

intraepithelial lesion; HSIL — high grade squamous intraepithelial lesion 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4. Comparison of pathological results between cervical smear and loop electrosurgical 

excision procedure of patients 

 

 

LEEP 

   

  
No 

Dysplasia 
LSIL HSIL Carcinoma TOTAL 

   
Smear 

        
No 

Dysplasia 

43 

(32.8%) 

48 

(36.6%) 

38 

(29.0%) 
2 (1.5%) 131  60.4% 

Under-diagnosed (n = 

99) 

LSIL 5 (22.7%) 
6 

(27.3%) 

11 

(50.0%) 
0 (0.0%) 22  35.4% 

Correctly diagnosed (n 

= 58) 

HSIL 1 (9.1%) 
1 

(9.1%) 

9 

(81.8%) 
0 (0.0%) 11  4.3% Over-diagnosed (n = 7) 

Carcinoma 0 (0.0%) 
0 

(0.0%) 

0 

(0.0%) 
0 (0.0%) 0   

 
TOTAL 49 55 58 2 164   

 
LEEP — loop electrosurgical excision procedure; LSIL — low grade squamous 

intraepithelial lesion; HSIL — high grade squamous intraepithelial lesion 


