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Background

CINtec® PLUS p16/Ki-67 dual-stained cytology (DS) is an alternative test to cytology in triaging human papillomavirus (HPV)-positive women. Dalton p16/Ki-67 Dual Stain kit employs the similar immunocytochemical detection and operating procedures with CINtec® PLUS, but its accuracy and efficacy in triaging HPV-positive women need to be evaluated.



Methods

A total of 717 HPV-positive specimens of cervical exfoliated cells were included. Cytology, Dalton, and CINtec® PLUS were subsequently performed, and two DS tests were separately completed in each of the same specimens. The results of two DS tests were head-to-head compared, and their efficacies to identify high-grade cervical intraepithelial neoplasia (CIN) were evaluated, using histopathology of biopsy as the golden standard.



Results

The overall positive rate of two DS tests were 28.31% for Dalton and 33.89% for CINtec® PLUS (p < 0.05); both rose with the increased severity of histopathological and cytological abnormalities. Compared to CINtec® PLUS, the positive rate of Dalton was significantly lower in the normal histopathology group (p < 0.05) and lower, but not significantly, in mild abnormal histopathology and cytology NILM and LSIL groups. Two DS tests showed a good consistency (Kappa value, 0.63; 95% CI, 0.557–0.688), with 100% of consistency in the cytology HSIL group. Inconsistency occurred mainly in the cytology NILM and LSIL groups, with more Dalton negative but CINtec® PLUS positive. Compared to CINtec® PLUS, Dalton showed similar sensitivity (94.59% vs. 91.89%), but significantly higher specificity (75.29% vs. 69.26%, p = 0.013) and accuracy (76.29% vs. 70.43%, p = 0.012), with a larger area under the curve (AUC) of 0.849 (95% CI, 0.800–0.899) for identifying CIN3+. The similar results were observed when identifying CIN2+.



Conclusions

Dalton presents the lower false positive rate and better efficacy in identifying high-grade CIN than CINtec® PLUS, suggesting that Dalton may be superior to CINtec® PLUS and an alternative technique for triaging primary HPV-positive women in cervical cancer screening.
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Introduction

Globally, cervical cancer remains the third most common malignancy in women, with approximately 601,000 new cases and 260,000 deaths annually (1). A large number of clinical trials and practices have shown that screening, using cytology and/or human papillomavirus (HPV) testing, is an effective way to reduce the incidence and mortality of cervical cancer. Within the last decade, the strategy of cervical cancer screening has been gradually shifting from primary cytology to primary HPV testing worldwide (2). Multiple professional societies, such as the American Cancer Society (ACS) (3), the American Society for Colposcopy and Cervical Pathology (ASCCP) (4), the European Society of Gynecologic Oncology and the European Federation of Colposcopy (ESGO-EFC) (5), and the US Preventive Services Task Force (USPSTF) (6), have recommended primary HPV testing to be preferred for cervical cancer screening. It has been proven that HPV testing is highly sensitive but lowly specific for identifying high-grade cervical intraepithelial neoplasia (CIN), especially in young women. Thus, HPV-positive women should be further triaged by another test to avoid unnecessary colposcopy referral.

Cytology is a preferred examination for triaging HPV-positive women because of its high specificity, but it is a subjective judgment, and the accuracy depends on the professional level of the cytologist (7). There is increasing evidence that p16/Ki-67 dual-stained cytology (DS) can be used as an alternative test for triaging HPV-positive women (8–10). Such a kind of DS tests can overcome the uncertainty of cytology through objective markers. In KPNC, ATHENA, and several other studies, DS test has been shown to have better performance compared to cytology for the detection of CIN3+/CIN2+ in HPV-positive women (11–16).

CINtec® PLUS is one of the DS techniques specific to p16 and Ki-67, and its accuracy has been clinically and epidemiologically validated. CINtec® PLUS has also been used as the comparator standard for evaluating various DS tests (17, 18). Dalton p16/Ki-67 Dual Stain kit is a product by Hangzhou Dalton Biosciences, China, which contains a mixture of mouse anti-human p16 antibody and rabbit anti-human Ki-67 antibody. The corresponding enzyme-labeled reagent of Dalton is a cocktail of horseradish peroxidase (HRP)-labeled goat anti-mouse IgG antibody and alkaline phosphatase (AP)-labeled goat anti-rabbit IgG antibody. Dalton also employs immunocytochemical detection and has similar operating procedures with CINtec® PLUS, but its accuracy and efficacy for triaging HPV-positive women have not been evaluated up to date.

In this study, we separately performed Dalton and CINtec® PLUS p16/Ki-67 dual stain in each of the same specimens of cervical exfoliated cells from 717 HPV-positive Chinese women, head-to-head compared the results of detection between two DS tests, and analyzed the efficacy of two DS tests in triaging HPV-positive women, using histopathology of biopsy as the golden standard. The aim of our study was to assess the value of Dalton p16/Ki-67 dual stain in triaging HPV-positive women.



Subjects and Methods


Subject Recruitment and Sample Collection

A total of 6,175 results of HPV testing were reviewed, which were from women who had received HPV testing in gynecological clinic of Women’s Hospital, School of Medicine, Zhejiang University, China, during September 2020 to May 2021, and those HPV-positive women were retrieved. The exclusion criteria from the study were ① previously confirmed CIN, cervical cancer, or other malignancies ②; previous therapeutic procedure to cervix ③; pregnancy ④; unsatisfactory sampling or insufficient amount of cells for test ⑤; no final histopathological diagnosis, and ⑥ refusing to sign informed consent. Finally, 717 HPV-positive women, aged 20–69 years (median age, 41 years), were included in this study (Figure 1). Written informed consents were obtained from all participants.




Figure 1 | Flowchart of subject recruitment. HPV, human papillomavirus; NILM, negative for intraepithelial lesion or malignancy; ASC-US, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial lesion; ASC-H, atypical squamous cells, cannot rule out high-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesions. aIncluded 3 of SCC (squamous cell carcinoma), 1 of AC (adenocarcinoma) and 1 of AGC-NOS (atypical glandular cell of undetermined significance).



All subjects received either HPV Hybrid Capture 2 assay® (HC2; Qiagen, Gaithersburg, MD) or Aptima® HPV Test (Aptima; Hologic, San Diego, CA). HPV testing was performed following the manufacturer’s instructions. The recommended cutoff value is relative light units/cutoff (RLU/CO) ratio ≥1.0 for HC2 assay and signal/cutoff (S/CO) ratio ≥1.0 for Aptima assay. Residual specimens of cervical exfoliated cells after Aptima test were collected for further liquid-based cytology (LBC) (ThinPrep®; Hologic, Marlborough, MA) and two DS tests. While in women receiving HC2 test, cervical exfoliated cells were resampled for LBC and two DS tests. All LBC slides were evaluated by at least two pathologists; when inconsistent diagnosis occurred, the slide was read by the third pathologist, and the final diagnosis was made by two of them whose diagnoses were the same. The cytological findings were interpreted and categorized per the 2014 Bethesda System (19).



p16/Ki-67 Dual Stain

Dalton and CINtec® PLUS p16/Ki-67 dual stain was separately completed in each of the same specimens of cervical exfoliated cells at a central laboratory (Dian Diagnostics Laboratories) using Dalton p16/Ki-67 Dual Stain kit (Dalton, Hangzhou, China) and CINtec® PLUS Cytology kit (Roche mtm Laboratories AG, Mannheim, Germany), respectively. Dalton and CINtec® PLUS DS slides were evaluated by two pathologists who were blind to each other. Positive p16/Ki-67 dual-stained cells were characterized by a brown cytoplasmic/nuclear signal for p16 overexpression and a red nuclear signal for Ki-67 expression within the same cell (Figure 2). The presence of at least one double-stained cell was sufficient to score the sample as positive, regardless of the morphological appearance (20). All specimens were conducted per the manufacturer’s instructions and stored at room temperature.




Figure 2 | Representative photos of p16/Ki-67 dual stain cytology. Cervical exfoliated cells negative (A) and positive (B) for for Dalton, negative (C), and positive (D) for CINtec® PLUS, respectively. The brown cytoplasm/nuclear signal showed p16 staining alone, and the red nuclear signal showed Ki-67 staining alone. The positive p16/Ki-67 dual stain cell had both brown and red signal, which reflected the colocalization of p16 and Ki-67 in the same cell.





Colposcopy and Histopathological Examination

All HPV-positive women in this study underwent colposcopy with at least one biopsy taken according to colposcopy images, and most of them received multiple biopsies in order to improve the detection rate for CIN (21, 22). Final diagnoses were made by histopathological findings classified according to the CIN nomenclature (23).



Statistical Analysis

The chi-square test was used to compare proportions among different groups. Cohen’s kappa was calculated to estimate interobserver consistency between Dalton and CINtec® PLUS. Categorical variables [sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy] were summarized using percentages and 95% confidence interval (CI). Likelihood ratio positive (LR+), likelihood ratio negative (LR−), and the receiver operating characteristic (ROC) curve with 95% CI were used to assess the efficacy in detecting high-grade lesions (including CIN3+ and CIN2+). Data were analyzed with software SPSS21.0 and VassarStats (online). All statistical tests were two-sided, and the value of p < 0.05 was considered statistically significant.




Results

Of the 717 HPV-positive women, 223 (31.10%) received HC2 assay, and other 494 (68.90%) received Aptima assay. For cytology, 331 (46.16%) were abnormal, including 139 (41.99%) of ASC-US (atypical squamous cells of undetermined significance), 125 (37.77%) of LSIL (low-grade squamous intraepithelial lesion), 49 (14.80%) of ASC-H (atypical squamous cells, cannot rule out high-grade squamous intraepithelial lesion), 13 (3.93%) of HSIL (high-grade squamous intraepithelial lesions), 3 (0.91%) of SCC (squamous cell carcinoma), 1 (0.30%) of AC (adenocarcinoma), and 1 (0.30%) of AGC-NOS (atypical glandular cell of undetermined significance). The remaining 386 specimens were NILM (negative for intraepithelial lesion or malignancy) (Figure 1). The final histopathological diagnoses of all subjects were 468 (65.27%) of normal, 169 (23.57%) of CIN1, 43 (6.00%) of CIN2, 29 (4.04%) of CIN3, and 8 (1.12%) of invasive cancer, including 6 squamous cell carcinomas and 2 adenocarcinomas.

Dual-stained cytology for p16/Ki-67 was separately performed by Dalton and CINtec® PLUS test in the same sample, and the representative stains of two DS tests were displayed in Figure 2. The overall positive rates of DS were 28.31% (203/717) for Dalton and 33.89% (243/717) for CINtec® PLUS, with a significant difference between them (p < 0.05) (Table 1). Tables 1 and 2 displayed the positive distribution of DS by Dalton and CINtec® PLUS in different histopathological and cytological subgroups, respectively. The DS positive rates of both tests rose with the increased severity of histopathological and cytological abnormalities. Compared to CINtec® PLUS, the positive rate of Dalton was significantly lower in the normal histopathology group (p < 0.05) and slightly lower in mild abnormal histopathology and cytology NILM and LSIL groups.


Table 1 | The positivity of Dalton and CINtec® PLUS p16/Ki-67 Dual Stain in different histopathology groups.




Table 2 | The positivity of Dalton and CINtec® PLUS p16/Ki-67 Dual Stain in different cytology groups.



Totally, 37 specimens were Dalton positive but CINtec® PLUS negative, while 77 were Dalton negative but CINtec® PLUS positive, as shown in Table 3. A good consistency was found between Dalton and CINtec® PLUS (Kappa value, 0.63; 95% CI, 0.557–0.688). Further analysis demonstrated complete consistency between two tests in the cytology HSIL group, and inconsistency mainly occurred in the cytology NILM and LSIL groups, with more Dalton negative but CINtec® PLUS positive, implying that Dalton may possess the potential of lower false positive rate than CINtec® PLUS in identifying high-grade lesions.


Table 3 | Disagreement between Dalton and CINtec® PLUS p16/Ki-67 Dual Stain in different cytology groupsa,b.



The efficacy was further compared between Dalton and CINtec® PLUS for predicting high-grade CIN in HPV-positive women (Table 4 and Figure 3). In identifying CIN3+, the sensitivity, specificity, PPV, NPV, and accuracy of Dalton were 94.59%, 75.29%, 17.24%, 99.61%, and 76.29%, respectively. Among those, the specificity and accuracy of Dalton were significantly higher than those of CINtec® PLUS (both p < 0.05). Similar results were observed when identifying CIN2+. ROC curves showed that Dalton occupied a larger area under the curve (AUC) in predicting both CIN3+ (0.849; 95% CI, 0.800–0.899) and CIN2+ (0.833; 95% CI, 0.787–0.879). Our results together suggest that Dalton presents the better efficacy than CINtec® PLUS for identifying high-grade CIN in triaging HPV-positive women.


Table 4 | Efficacy of Dalton and CINtec® PLUS p16/Ki-67 Dual Stain to identify CIN3+ and CIN2+ among 717 HPV-positive women.






Figure 3 | ROC curve analysis of Dalton and CINtec® PLUS in detecting CIN3+ (A) and CIN2+ (B). (A) The AUC were 0.849 (95% CI, 0.800-0.899) for Dalton and 0.806 (95% CI, 0.747-0.865) for CINtec® PLUS. (B) The AUC were 0.833 (95% CI, 0.787-0.879) for Dalton and 0.802 (95% CI, 0.754-0.849) for CINtec® PLUS. ROC, receiver operating characteristic; CIN3+, cervical intraepithelial neoplasia grade 3 or worse; CIN2+, cervical intraepithelial neoplasia grade 2 or worse; AUC, area under the curve.





Discussion

Dual stain for p16/Ki-67 is a kind of technique using immunohistochemistry specific to p16 and Ki-67, respectively. The p16, a cyclin-dependent kinase inhibitor, acts as a tumor suppressor in most cells (24), but HPV E7 oncoprotein mediates the degradation of retinoblastoma protein (Rb), and p16 exhibits oncogenic activity in HPV-transformed cervical cancer cells (25). Ki-67 is a positive marker for cell proliferation (26). In normal conditions, they usually do not co-express in the same cervical epithelial cell. Co-expression of two molecules indicates the deregulation of the cell cycle mediated by infected high-risk HPV and suggests the possibility of high-grade CIN (8).

Previous studies revealed that CINtec® PLUS possessed improved performance, compared to cytology, for triaging HPV-positive women (11, 13, 15). CINtec® PLUS Cytology Test is an assay approved by the Food and Drug Administration (FDA, USA) (https://www.fda.gov/media/136682/download) and has been regarded as the comparator standard for evaluating various tests (17, 18, 27). However, no comparative study between CINtec® PLUS and other p16/Ki-67 DS stain test has been reported up to date. In this study, we head-to-head compared the DS results between Dalton and CINtec® PLUS in the same specimens from 717 HPV-positive women and found a good consistency between two tests with a kappa value of 0.63. Especially in the cytology HSIL group, two tests showed complete consistency. Inconsistency occurred mainly in the cytology NILM and LSIL groups, which showed more Dalton negative but CINtec® PLUS positive, combined with the fact that the positive rate of Dalton was much lower than that of CINtec® PLUS in normal and mild abnormal cytology groups, suggesting that Dalton may have the lower probability of false positive rate than CINtec® PLUS. A possible explanation for this phenomenon was that Dalton Ki-67 antibody displayed better visibility in DS-positive cells (Figure 2B), which might reduce the ambiguous judgment of the pathologist.

Because of the low specificity of HPV test, a highly specific triage test is very important to reduce colposcopy referral in primary HPV screening. In view of its high specificity, cytology has been recommended as the preferred method for triaging HPV-positive women (5). Previous studies demonstrated that CINtec® PLUS had higher sensitivity, but similar specificity, than cytology (11, 13, 15). Thus, it seems that the specificity of CINtec® PLUS needs to be improved. In this study, we compared the efficacy between Dalton and CINtec® PLUS in predicting high-grade CIN and found that Dalton showed the significantly higher specificity (75.29% vs. 69.26%, p = 0.013) and accuracy (76.29% vs. 70.43%, p = 0.012) than CINtec® PLUS, with the equal sensitivity for identifying CIN3+, and the results were similar for identifying CIN2+. Moreover, we observed that Dalton occupied a larger AUC than CINtec® PLUS in identifying both CIN3+ and CIN2+. Our results together suggested that Dalton indeed increased the specificity but did not decrease the sensitivity, compared to CINtec® PLUS, in identifying high-grade CIN. Hence, Dalton may be a superior test to CINtec® PLUS for triaging HPV-positive women.

There were still some limitations of our study. All the participants came from a gynecological clinic; the proportions of CIN or above and high-grade CIN or above were 34.73% (249/717) and 11.16% (80/717), respectively, in our series, both appeared to be higher than those in the general population, which implies that there may be bias in our samples. In addition, our cross-sectional study cannot evaluate the long-term risk of high-grade lesions in those Dalton-negative women. Therefore, a longitudinal study on Dalton is needed.

In summary, we evaluated Dalton and CINtec® PLUS as triage tests in 717 HPV-positive women and observed a good consistency between the two tests. Inconsistency mainly occurred in normal and mild abnormal cytology with more Dalton negative but CINtec® PLUS positive. Using histopathological diagnosis of the biopsy as the golden standard, Dalton showed better efficacy than CINtec® PLUS with higher specificity and similar sensitivity in identifying high-grade CIN. Our results suggest that Dalton may be superior to CINtec® PLUS in identifying high-grade CIN and is an alternative technique for triaging primary HPV-positive women in cervical cancer screening.
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NILM
ASC-US
LSIL
ASC-H
HSIL
Others®

Total Dalton+ CINtec® PLUS+
N N (%) N (%)
386 6 (19.69%) 96 (24.87%)
139 1 (29.50%) 43 (30.94%)
125 36 (28.80%) 50 (40.00%)
49 3 (67.35%) 37 (75.51%)
13 2 (92.31%) 12 (92.31%)
5 5 (100%) 5 (100%)

p-value

0.084
0.794
0.062
0.371
1.000
1.000

NILM, negative for intraepithelial lesion or malignancy; ASC-US, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial lesion; ASC-H, atypical
squamous cells, cannot rule out high-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesions.

4Included 3 of SCC (squamous cell carcinoma), 1 of AC (adenocarcinoma) and 1 of AGC-NOS (atypical glandular cell of undetermined significance).
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94.59% (82.47% 10 99.06%)
75.29% (71.84% to 78.46%)
17.24% (12.45% 10 23.30%)
99.61% (98.44% 10 99.93%)
76.29% (73.04% to 79.26%)
3.83 (3.29 to 4.46)
0.07 (0.02 to 0.28)

87.50% (77.76% to 93.52%)
79.12% (75.71% to 82.17%)
34.48% (28.06% to 41.50%)
98.05% (96.33% to 99.00%)
80.06% (76.98% to 82.82%)
4.19 (3.53 t0 4.98)
0.16 (0.09 to 0.28)

CINtec® PLUS®

91.89% (76.98% to 97.88%)
69.26% (65.62% to 72.69%)
13.99% (10.01% to 19.14%)
99.37% (98.00% to 99.83%)
70.43% (66.99% to 73.65%)
2.99 (2.58 t0 3.47)
0.12 (0.04 t0 0.35)

87.50%
72.84%

77.76% to 93.52%)
(69.18% to 76.23%)
28.81% (23.29% t0 35.01%)
97.89% (96.03% to 98.92%)
74.48% (71.16% to 77.53%)
3.22 (.77 10 3.75)
0.17 (0.10t0 0.31)

p-value

1.000
0.013°
0.345
0.675
0.012°

1.000
0.009°
0.198
0.855
0.012°

“Data were presented % or value, 95% confidence intervals (CI).

®A significance between groups (p < 0.05).

CIN3+, cervical intraepithelial neoplasia grade 3 or worse; CIN2+, cervical intraepithelial neoplasia grade 2 or worse; HPV, human papillomavirus; PPV, positive predictive value; NPV,

negative predictive value; LR+, likelihood ratio-positive; LR-, likelihood ratio-negative.
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“Data were presented as case number.

“kappa value = 0.63, 95% confidence intervals (Cl) = 0.557-0.688.

NILM, negative for intraepithelial lesion or malignancy; ASC-US, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial lesion; ASC-H, atypical
squamous cells, cannot rule out high-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesions.
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CIN, cervical intraepithelial neoplasia.

Total Dalton+ CINtec® PLUS+
N N (%) N (%)
468 84 (17.95%) 109 (23.29%)
169 49 (28.99%) 64 (37.87%)
43 35 (81.40%) 36 (83.72%)
29 27 (93.10%) 27 (93.10%)
8 8 (100.00%) 7 (87.50%)
77 203 (28.31%) 243 (33.89%)

A significance between groups (o < 0.05).
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1.000

<0.001°

0.022%





