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Abstract
Background
Cervical cancer screening is slowly transitioning from Pappanicolaou cytologic screening to primary Visual Inspection with Acetic Acid (VIA) or HPV testing as an effort to enhance early detection and treatment. However, an effective triage tests needed to decide who among the VIA or HPV positive women should receive further diagnostic evaluation to avoid unnecessary colposcopy referrals is still lacking. Evidence from experimental studies have shown potential usefulness of Squamous Cell Carcinoma Antigen (SCC Ag), Macrophage Colony Stimulating Factor (M-CSF), Vascular Endothelial Growth Factor (VEGF), MicroRNA, p16INKa / ki-67, HPV E6/E7/mRNA, and DNA methylation biomarkers in detecting premalignant cervical neoplasia. Given the variation in performance, and scanty review studies in this field, this systematic review described the diagnostic performance of some selected assays to detect high-grade cervical intraepithelial neoplasia (CIN2+) with histology as gold standard.

Methods
We systematically searched articles published in English between 2012 and 2020 using key words from PubMed/Medline and SCOPUS with two reviewers assessing study eligibility, and risk of bias. We performed a descriptive presentation of the performance of each of the selected assays for the detection of CIN2 + .

Results
Out of 298 citations retrieved, 58 articles were included. Participants with cervical histology yielded CIN2+ proportion range of 13.7–88.4%. The diagnostic performance of the assays to detect CIN2+ was; 1) SCC-Ag: range sensitivity of 78.6–81.2%, specificity 74–100%. 2) M-CSF: sensitivity of 68–87.7%, specificity 64.7–94% 3) VEGF: sensitivity of 56–83.5%, specificity 74.6–96%. 4) MicroRNA: sensitivity of 52.9–67.3%, specificity 76.4–94.4%. 5) p16INKa / ki-67: sensitivity of 50–100%, specificity 39–90.4%. 6) HPV E6/E7/mRNA: sensitivity of 65–100%, specificity 42.7–90.2%, and 7) DNA methylation: sensitivity of 59.7–92.9%, specificity 67–98%.

Conclusion
Overall, the reported test performance and the receiving operating characteristics curves implies that implementation of p16ink4a/ki-67 assay as a triage for HPV positive women to be used at one visit with subsequent cryotherapy treatment is feasible. For the rest of assays, more robust clinical translation studies with larger consecutive cohorts of women participants is recommended.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13027-020-00335-2.
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Abbreviations
	DNA
	Deoxyribonucleic Acid

	HPV E6/7
	Human Papilloma Virus Early protein 6/7

	mRNA
	Messenger ribonucleic acid

	NPV
	Negative Predictive

	RT- PCR
	Reverse Transcriptase Polymerase Chain Reaction

	PPV
	Positive Predictive Value

	AUC
	Area Under Receiver Operating Characteristic Curve

	SCC Ag
	Squamous Cell Carcinoma Antigen

	M-CSF
	Macrophage Colony Stimulating Factor

	VEGF
	Vascular Endothelial Growth Factor

	LBC
	Liquid Based Cytology

	TAT
	Turnaround Time

	miRNA-9
	Micro ribonucleic acid-9

	Elisa
	Enzyme Linked Immunosorbent Assay

	CIN2+
	Cervical intraepithelial Neoplasia 2 and above

	VIA
	Visual Inspection with acetic Acid

	HPV
	Human Papilloma Virus

	ICC
	Immunocytochemistry

	LSIL
	Low-grade squamous intraepithelial lesion

	HSIL
	High-grade squamous intraepithelial lesion




Background
Cervical cancer cases continue to rise despite concerted efforts to provide rapid and effective screening coupled with intensified human papilloma virus (HPV) vaccination to selected age category of females [1]. Currently, the global incidence and mortality estimate of cervical cancer have risen to 569,847 and 311,365 respectively, with cases in sub-Saharan countries such as Kenya reported at 5250 (12.9%) and 3286 (11.84%) annually respectively, majorly from infection with high risk human papilloma virus (HR-HPV)16/18 [1].. Cervical carcinogenesis is characterized majorly by 1) increased expression of E6 and E7 genes of high risk HPVs, known to bind to and inactivate p53 and pRb oncosuppressors; 2) integration of viral DNA into host genome, with disruption of E2 viral genes and host chromosomal loci; and 3) molecular alterations of key regulators of cell cycle; all of which can be examined to predict a possible neoplasia using suitable probes such as DNA, RNA, antibody, protein, and aptamers [2, 3]. Today, great efforts have been made to identify novel biomarkers aiming to improve detection of the invasive cervical cancer at the earliest stage possible. This review examined, and highlighted some of the substantially tested biomarkers with promising diagnostic potential for premalignant cervical lesion, and the feasibility of their implementation as alternative triage tests for visual inspection with acetic acid (VIA) or HPV-DNA positive women in facilities with inadequate histology infrastructure.
Recent discoveries have demonstrated significant milestones in management of cervical cancer based on United States of America Food and Drug Administration (USFDA) approved biomarkers such as Squamous Cell Carcinoma Antigen (SCC-Ag) currently implemented to support physicians with rapid screening of women at high risk of cervical neoplasia, and complemented with Cancer Antigen 125 (CA-125), Serum Fragment of Cytokeratins (CYFRA), Soluble CD44 (sCD44), and Carcinoma Embryonic Antigen (CEA) as prognostic markers for pre-treatment prediction and disease monitoring [4]. Subsequently, new biomarkers such as Macrophage Colony Stimulating Factor (M-CSF), Vascular Endothelial Growth Factor (VEGF), MicroRNA, p16INKa / ki-67, HPV E6/E7/mRNA and DNA methylation have equally been identified in the recent past as potentially useful for early detection of cervical neoplasia [5–8]. The aim of this systematic review was to describe the diagnostic performance of some selected biomarkers to detect high-grade cervical lesions (CIN2+) with histology as gold standard; and evaluated their implementation feasibility based on investigators findings, remarks and applicability as triage test for VIA or HPV positive women in low income settings.
Methods
Protocol registration
In accordance to Maseno University study guidelines, our systematic review protocol was submitted to the Maseno University Register for study protocols Ref. No.PG/PHD/PH/00086/2017, and to the Open Science Framework (OSF) Register of Systematic Reviews.
Eligibility criteria
The study design was based on selected studies: we considered cross-sectional and cohort studies that reported the diagnostic performance of SCC Ag, M-CSF, VEGF, miRNA (miR-9), p16INKa / ki-67, HPV E6/E7 mRNA and DNA methylation (majorly EPB41L3, JAM3, SOX1, L1) for the detection of CIN2+ (CIN2+ refers to: histologically confirmed high-grade lesions (CIN2, CIN3 and cancer)). We included studies of women with different kinds of cervical pathology published in peer-reviewed English journal articles in the period of 2012 to 2020 with the outcome of interest reported in different countries.
Information sources and search strategy
This review was done following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Protocol (PRISMA) guidelines [9]. Research papers were systematically searched in PubMed/Medline and SCOPUS using key words by combing using Boolean operator. Additionally, manual search from Google scholar and Google databases was performed for grey literature, with last search done on 10th September 2020. The reference lists of retrieved articles were probed (forward and back ward searching) to identify articles that were not retrieved from databases and our manual search. The first two authors; C.G.O and L.O., searched the articles independently. The domains of the search terms were HPV E6/E7 mRNA, miR-9, p16INK4a / ki-67, DNA methylation, Squamous Cell carcinoma Antigen (SCC-Ag), Macrophage Colony Stimulating Factor (M-CSF), Vascular Endothelial Growth Factor (VEGF), DNA methylation, and Cervical Intraepithelial Neoplasia. We combined each of the studied biomarkers with the Boolean operator “OR”, and the result was combined with the other terms.
Study selection
Research papers that reported the type of miRNA (miR-9), p16INK4a / ki-67, DNA methylation, SCC-Ag, M-CSF, VEGF, and HPV E6/E7 mRNA diagnostic performance for the detection of CIN2+ were included. Searched articles were directly imported and handled using EndNote X5 citation manager (Thomson Reuters, New York, USA). Based on the PRISMA protocol included in Additional file 1, duplicated articles were excluded, and the titles and abstracts of the remaining papers were screened independently for inclusion in full text evaluation by the first two authors.
Data collection process and data items
Data such as the name of the first author, year of publication, country where the study was conducted, CIN profile of the study participants, sample type, the proportion of CIN2+, type of diagnostic test for each category of biomarkers, mean turnaround time (TAT), approval status of each assay, the positivity rate of each diagnostic assay, and its diagnostic performance (in terms of sensitivity, specificity, Positive Predictive value (PPV) and Negative Predictive Value (NPV)) were extracted from the included articles.
Quality appraisal
To assess the risk of bias, the Critical Appraisal Skills Programme (CASP) tool [10], that was developed to evaluate studies of diagnostic test accuracy was independently used by the first two authors. Of the eleven criterion of the tool, we eliminated three items because their scoring was difficult. Assessment of quality results was categorized but not summarized into a score since the method has less validity [10].
Data synthesis
The extracted data were fed into a Microsoft Excel and presented in terms of 1) CIN profile of the study subjects, 2) the proportion of miR-9, p16INK4a / ki-67, DNA methylation, SCC-Ag, M-CSF, VEGF and HPV E6/E7 test result 3) diagnostic performance of each of the seven assays to detect CIN2+ (sensitivity, specificity, PPV and NPV). We performed a descriptive presentation of these elements to compile a best evidence synthesis for the listed assays in the detection of CIN2+. A systematic narrative synthesis was provided in which summary results of recent studies with performance indicators were presented using text, figure, and table. Descriptive statistics, such as percentages were used to describe the findings.
Results
Search results
From the systematically searched databases and other sources, a total of 298 articles were retrieved and sequentially screened. After removing 83 duplicates, the 215 were further screened by title then 57 were removed. Additionally, 78 were removed by abstract and 22 removed by full text with justifiable reasons described in the PRISMA flow chart (Fig. 1) adopted from PRISMA guidelines for systematic screening [9]. Finally, a total of 58 studies met our inclusion criteria.
[image: ../images/13027_2020_335_Fig1_HTML.png]
Fig. 1PRISMA flow diagram of literature selection


Characteristics of the included studies
The characteristics of articles with performance indicators reported from different countries in Europe, Asia and the United States of America are summarized in (Table 1). We didn’t find articles reported in Latin America and Africa. The number of participants in each included study varied from 68 to 27,349, age range 18–81 years with different cervical pathologies. The studies were of varying methodological quality, and were predominately performed in a secondary screening setting (i.e. women or cervical samples were subjected to a second test assay following a positive cytology or HPV-DNA. Among those participants who had cervical histological examination, the proportion of CIN2+ varied between 13.7 and 88.4%.
Table 1Performance characteristics of the included studies 2012–2020


	Authors
	No. Part
	Biomarkers
	Current Status
	Test platform
	Sample type
	Sensitivity
	Specificity
	PPV
	NPV
	AUC
	Mean TAT

	Farzanehpour et al, 2019 [2]
	72
	miRNA (miR-9)
	Not validated
	RT-qPCR
	Tissue
	64.7%
	76.4%
	–
	–
	0.71
	≤ 5 h.

	Farzanehpour et al. 2019 [2]
	72
	miRNA (miR-9)
	Not validated
	RT-qPCR
	Serum
	52.9%
	94.4%
	–
	–
	0.85
	≤ 5 h.

	Park et al., 2017 [11]
	102
	miRNA (miR-9)
	Not validated
	RT-qPCR
	Tissue
	67.3%
	80%
	77.7%
	70.2%
	0.76
	≤ 5 h.

	Wentzensen et al, 2012 [12]
	673
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	85.5%
	59.4%
	48.4%%
	90.2%%
	–
	≤24 h

	Zhu et al, 2019 [13]
	300
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	98.2%
	82.5%
	55.2%
	99.5%%
	0.90
	≤24 h

	Areán-Cun., et al, 2018 [14]
	1945
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	98%
	39%
	44.8%
	97.5%
	–
	≤24 h

	Wentzensen et al, 2015 [15]
	1509
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	83.4%
	58.9%
	21%
	96.4%
	–
	≤24 h

	Yu et al, 2016 [16]
	231
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	90.9%
	79.5%
	49.2%
	97.6%
	0.85
	≤24 h

	Tay et al., 2017 [17]
	97
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	92.9%
	76.7%
	88.1%
	86.7%
	0.85
	≤24 h

	Ebisch et al., 2017 [18]
	462
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	92%
	61%
	52%
	95%
	–
	≤24 h

	Hu et al., 2020 [19]
	846
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	86.5%
	62.5%
	28.8%
	96.4%
	–
	≤24 h

	Ordi et al., 2014 [20]
	1169
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	90.9%
	72.1%
	63.9%
	93.6%
	0.82
	≤24 h

	Uijterwaal et al., 2015 [21]
	762
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	68.8%
	72.8%
	25.2%
	94.6%
	–
	≤24 h

	White et al., 2016 [22]
	1346
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	75.4%
	88.3%
	26.6%
	97%
	–
	≤24 h

	Schmitz et al., 2018 [23]
	280
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	100%
	90.2%
	92.3%
	100%
	–
	≤24 h

	Han et al., 2020 [24]
	468
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	91.5%
	77%
	73.9%
	92.8%
	0.76
	≤24 h

	Li et al., 2020 [25]
	4070
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	90.9%
	67%.
	16.5%
	99.1%
	0.79
	≤24 h

	Wang et al., 2020 [26]
	4070
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	91.7%
	63.5%
	29.3%
	97.9%
	–
	≤24 h

	El-Zein et al., 2020 [27]
	1649
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	80.7%
	69.4%
	64%
	71.8%
	–
	≤24 h

	Wentzensen et al, 2019 [28]
	3225
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	82.8%
	55.7%
	24.3%
	95%
	–
	≤24 h

	Ren et al., 2019 [29]
	300
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	50%
	75.3%
	11.1%
	96.1%
	0.78
	≤24 h

	Bergeron, et al., 2015 [30]
	27,349
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	94.4%
	78.7%
	16.3%
	99.7%
	–
	≤24 h

	Polman et al., 2016 [31]
	364
	p16INK4a / ki-67
	Not validated
	ICC
CINtec PLUS
	LBC
	69.2%
	90.4%
	51.9%
	95.1%
	–
	≤24 h

	Ren et al., 2019 [29]
	300
	HPV E6/E7 mRNA
	Not validated
	QuantiVirus
®HPV
	LBC
	100%
	44.3%
	10%
	100%%
	0.59
	≤ 5 h.

	Ren et al, 2018 [32]
	160
	HPV E6/E7 mRNA
	Not validated
	QuantiVirus®HPV
	LBC
	90.3%
	49.6%
	30.1%
	95.5%
	0.75
	≤ 5 h

	Han et al., 2018 [33]
	6800
	HPV E6/E7 mRNA
	Not validated
	QuantiVirus
®HPV
	LBC
	85.2%
	66.7%
	72.9%
	81%
	0.75
	≤ 5 h

	Yao et al., 2017 [34]
	404
	HPV E6/E7 mRNA
	Not validated
	QuantiVirus® HPV
	LBC
	89.5%
	49%
	39%
	92.7%
	0.72
	≤ 5 h

	Zhu et al, 2019 [13]
	300
	HPV E6/E7 mRNA
	Not validated
	QuantiVirus® HPV
	LBC
	87%
	42.7%
	25%
	93.8%
	0.70
	≤ 5 h

	Bountris et al, 2014 [35]
	740
	HPV E6/E7 mRNA
	Not validated
	NASBA assay
	LBC
	77%
	90.2%
	68.5%
	93.4%
	–
	≤ 5 h

	Li et al, 2016 [36]
	186
	HPV E6/E7 mRNA
	Not validated
	QuantiVirus® HPV
	LBC
	65%
	86.7%
	85.9%
	66.7%
	0.76
	≤ 5 h

	Camus et al, 2018 [37]
	502
	HPV E6/E7 mRNA
	Not validated
	qRT-PCR
	LBC
	90%
	50%
	64%
	83%
	0.80
	≤ 5 h

	Kong et al, 2020 [38]
	600
	DNA methylation
	Not validated
	qPCR
	LBC
	67.7%
	94.9%
	95.4%
	65.5%
	0.86
	≤ 5 h

	Dong et al, 2020 [39]
	1997
	DNA methylation
	Not validated
	qPCR
	LBC
	92.9%
	73%
	56.5%
	96.4%
	0.83
	≤ 5 h

	Schmitz et al, 2018 [23]
	280
	DNA methylation
	Not validated
	RT-PCR
	LBC
	59.7%
	98%
	91.5%
	87.3%
	–
	≤ 5 h

	van Leeuwen et al.,2019 [40]
	262
	DNA methylation
	Not validated
	qPCR
	LBC
	68%
	67%
	15%
	96%
	–
	≤ 5 h

	De Strooper et al, 2016 [41]
	375
	DNA methylation
	Not validated
	qPCR
	LBC
	70.5%
	67.8%
	35.5%
	90.2%
	–
	≤ 5 h

	Chujan et al, 2014 [42]
	94
	DNA methylation
	Not validated
	qPCR
	LBC
	83.3%
	96.8%
	92.6%
	92.5%
	–
	≤ 5 h

	Kottaridi et al, 2017 [43]
	151
	DNA methylation
	Not validated
	qPCR
	LBC
	75.7%
	77.5%
	74.7%
	78.5%
	0.81
	≤ 5 h

	Leeman et al, 2019 [44]
	262
	DNA methylation
	Not validated
	qPCR
	LCB
	77.8%
	69.3%
	36.4%
	98.3%
	–
	≤ 5 h

	Chen et al, 2020 [45]
	103
	SCC-Ag
	Validated
	Elisa
	Serum
	80%
	100%
	100%
	82.6%
	0.89
	≤ 5ihrs

	Zajkowska et al, 2018 [46]
	100
	SCC-Ag
	Validated
	Elisa
	Serum
	78.8%
	74%
	66.7%
	84.1%
	0.79
	≤ 5 h

	Sidorkiewicz et al., 2019 [5]
	85
	SCC-Ag
	Validated
	Elisa
	Serum
	81.2%
	74%
	–
	–
	0.79
	≤ 5 h

	Lubowicka et al,2020 [47]
	89
	SCC-Ag
	Validated
	Elisa
	Serum
	78.6%
	74%
	–
	–
	0.79
	≤ 5 h

	Zajkowska et al, 2018 [46]
	85
	M-CSF
	Not
validated
	Elisa
	Serum
	72.7%
	86%
	77.4%
	82.7%
	0.79
	≤ 5 h

	Lubowicka et al, 2020 [47]
	89
	M-CSF
	Not validated
	Elisa
	Serum
	75%
	86%
	–
	–
	0.81
	≤ 5 h

	Sidorkiewicz et al., 2019 [5]
	85
	M-CSF
	Not validated
	Elisa
	serum
	69.4%
	86%
	–
	–
	0.81
	≤ 5 h

	Ruan et al, 2020 [48]
	68
	M-CSF
	Not validated
	Elisa
	Serum
	87.7%
	64.7%
	–
	–
	0.75
	≤ 5 h

	Będkowska et al., 2015 [49]
	110
	M-CSF
	Not validated
	Elisa
	Serum
	68%
	94%
	92%
	75%
	0.86
	≤ 5 h

	Lawicki et al, 2016 [50]
	100
	VEGF
	Not validated
	Elisa
	Serum
	56%
	96%
	86%
	82%
	0.85
	≤ 5 h

	Sidorkiewicz et al.,2019 [5]
	85
	VEGF
	Not validated
	Elisa
	Serum
	81.2%
	76%
	–
	–
	0.86
	≤ 5 h

	Cheng et al., 2013 [51]
	109
	VEGF
	Not validated
	Elisa
	Serum
	83.3%
	74.6%
	–
	–
	0.83
	≤ 5 h

	Urquidi et al, 2012 [52]
	127
	VEGF
	Not validated
	Elisa
	Urine
	83%
	87%
	–
	–
	0.88
	≤ 5 h


DNA Deoxyribonucleic Acid, HPV E6/7 Human Papilloma Virus Early protein 6/7, mRNA Messenger ribonucleic acid, NPV Negative Predictive Value, RT PCR Reverse Transcriptase Polymerase Chain Reaction, PPV Positive Predictive Value, AUC Area Under Receiver Operating Characteristic Curve, SCC-Ag Squamous Cell Carcinoma Antigen, M-CSF Macrophage Colony Stimulating Factor, VEGF Vascular Endothelial Growth Factor, LBC Liquid Based Cytology, TAT Turnaround Time, miRNA-9 micro ribonucleic acid-9, Elisa Enzyme Linked Immunosorbent Assay. No Part: Number of Participants; ICC Immunocytochemistry; NASBA Nucleic acid sequence based amplification for the identification of E6/E7 mRNA of the HPV types; (−) means not done; Validated: means approved for use; Not validated means investigation in progress



Risk of bias
Ratings of the study quality for each of the nine domain was based on critical appraisal skills program (CASP) [10] criteria presented in Additional file 2. The risk of bias for each individual domain was rated as ‘Yes’, ‘No’ or ‘Can’t tell’. The assessment of quality results was categorized not scored otherwise. Overall, we included studies which had no major methodological anomalies.
Diagnostic performance of the listed assays to detect CIN2+
Owing to the difference in clinical presentation of subjects, pooling the diagnostic performance data was challenging. In its place, we compiled best evidence synthesis for each of the assays to detect high-grade cervical lesions (CIN2+) using descriptive statistics. The diagnostic performance of each of the assays as compared with histologically confirmed high-grade cervical intraepithelial neoplasia (CIN2+) as an endpoint was as follows; 1) HPV E6/E7 mRNA test performance varied considerably depending on the diagnostic method used as shown in Table 1. Eight of the studies included recorded a sensitivity, specificity, PPV, NPV, and Area Under Receiver Operating Characteristic Curve (AUC) ranges of 65–100%, 42.7–90.2%, 10–85.9%, 66.7–100%, and 0.59–0.80, respectively, using liquid based cytology (LBC) samples majorly on QuantiVirus®HPV platform [13, 29, 32–37]. 2). For miRNA (miR-9) assay, three studies recorded sensitivity, specificity and area under the ROC curve ranges of 52.9–67.3%, 76.4–94.4%%, and 0.71–0.85, respectively based on RT-qPCR platform using serum and tissue samples [2, 11, 53], with77.8% PPV and 70.2% NPV reported by Park et al [11]. 3) For the p16INK4a / ki-67 assays, twenty studies included reported sensitivity, specificity, PPV, NPV, and AUC ranges of 50–100%, 39–90.4%, 11.1–92.3%, 86.7–100%, and 0.76–0.90, respectively, based on immunocytochemistry (ICC) platform using liquid based cytology (LBC) samples [12–30]. 4) Eight studies evaluating DNA methylation assays reported sensitivity, specificity, PPV, NPV and AUC ranges of 59.7–92.9%, 67–98%, 15–95.4%, 65.5–98.3%, and 0.81–0.86, respectively, in detection of CIN2+ based on RT-PCR platform using LBC samples [23, 38–44].5). Meanwhile, four studies included in our review evaluating Squamous Cell carcinoma Antigen (SCC-Ag) assays recorded sensitivity, specificity, PPV, NPV and AUC ranges of 78.6–81.2%, 74–100%, 66.7–100%, 82.6–84.1%, and 0.79–0.89, respectively, in detection of CIN2+ based on Elisa platform using serum samples [5, 45–47]. 6). Five studies evaluating Macrophage Colony Stimulating Factor (M-CSF) assays included in our review reported sensitivity, specificity, PPV, NPV, and AUC ranges of 68–87.7%, 64.7–94%,77.4–92%, 75–82.7%, and 0.79–0.86, respectively, based on Elisa platform using serum; with Zajkowska et al, and Bedkowska et al being the only authors who reported PPVs and NPVs at 77.4, 92 and 82.7%, 75%, respectively, [5, 46–49].7). On the other hand, four studies evaluating Vascular Endothelial Growth Factor (VEGF) assay reported sensitivity, specificity, and AUC ranges of 56–83.5%, 74.6–96%, and 0.83–0.88, respectively, based on Elisa platform using serum [5, 50–52], with Lawicki et al being the only author who reported PPV and NPV at 86 and 82%, respectively.
Overall, Table 1 is a summary of the performance characteristics for each of the 58 studies included. The area under the ROC curve and NPV indicates the clinical usefulness of a tumor marker. In this review, the area under the ROC curve of p16INK4a / ki-67 assay was the largest, with highest NPV among the assays evaluated. Other assays recorded relatively similar area under the receiver operating characteristic (ROC) curve for diagnosis of high-grade cervical lesions (CIN2+) considering histology as gold standard. The mean turnaround time for all serum and LBC assays was ≤5 h, except for immunocytochemistry that recorded a mean TAT of 24 h.
Discussion
Similar reviews on the performance characteristics of some of the listed assays had been reported earlier by Tornesello et al, Shah et al., and American Society for Clinical Pathology [6–8]. Our review is therefore an update of the latest knowledge on the test performance of these assays compiled from articles published since 2012, some of which included a number of studies with varying methodological quality, but our finding is in line with this review. Accordingly, together with the previous reviews [6–8], our finding would be considered for further large scale studies to generate bold data on the clinical applicability of some of these assays. In the present review, women were tested for the HPV E6/E7 mRNA, miRNA (miR-9), p16INK4a / ki-67, DNA methylation, SCC-Ag, M-CSF, and VEGF predominately secondary to having positive cervical cytology, and/or VIA and/or positive HPV DNA test. Overexpression of E6 / E7, p16 /ki-67, miR-9, SCC-Ag, M-CSF, VEGF proteins, or JAM3, SOX1, and L1 genes following infection with HPV can be detected based on their elevated levels in plasma, serum, Cervical scraping, or tissue as predictors of increased risk of cervical cancer progression [29, 32, 54, 55]. The proportion of CIN2+ varied between 13.7 and 88.4%, reflecting the diverse spectrum of cervical pathologies of the participants employed in articles we included.
From experimental studies, it has been established that woman exposed to HPV E6/E7 mRNA following infection with HPV have higher risk of progressing to high-grade cervical neoplasia due to the integration of viral DNA sequence into host genome causing loss of E2 tumor suppressor gene that regulates expression of E6 and E7 oncogenes [13, 54, 56]. Consequently, this results in overexpression of the two oncogenes which become useful in evaluating risk of cervical carcinogenesis. This consensus is supported by studies included in our review showing that HPV E6/E7 mRNA assays have diagnostic relevance for CIN2+ with sensitivity, specificity, PPV, NPV, and AUC ranges of 65–100%, 42.7–90.2%, 10–85.9%, 66.7–100%, and 0.59–0.80, respectively, [13, 29, 32, 33]. However, due to the heterogeneity of participants in the included studies, the results of HPV E6/E7 mRNA test performance have limited generalizability. Moreover, a number of studies also produced varying diagnostic results with extreme specificity of 42,7% reported by Zhu et al, [13], compared to 90.2% reported by Bountris et al, [35]; and extreme PPV of 10% reported by Ren et al [29], compared to 85.9% PPV by Li et al [36]. Similarly, a smaller area under receiver operating characteristic curve (AUC) of 0.59 was reported by Ren et al [29], compared to 0.80 reported by Camus et al. [37], of which the disparity might have resulted from a difference in the type of included study participants who had different cervical pathologies. Although our findings are in agreement with a similar review by Macedo et al, which recorded pooled sensitivity, specificity and AUC of 92.8, 60.5% and 0.88, respectively, [56], more robust clinical translation studies using larger consecutive cohorts of women participants is recommended for adequate validation.
Meanwhile, our review of the performance characteristic of microRNAs (miRNA) assays, particularly miR-9 in detection of CIN2+ recorded sensitivity, specificity and area under the ROC curve ranges of 52.9–67.3%%, 76.4–94.4%, and 0.71–0.85, respectively, [2, 11] with 77.7% PPV and 70.2% NPV reported by Park et al [11]. The high specificity ranges recorded from our review proved that miR-9 assay have diagnostic relevance to detect CIN2+. Although predictive values were missing in a number of studies included, sensitivity and specificity appeared to be similar across, and consistent with earlier review conducted by Jiang et al which recorded sensitivity, specificity, and AUC of 73, 94%, and 0.95, respectively, with 13.2 Positive Likelihood Ratio (PLR), and 0.28 Negative Likelihood Ratio (NLR) [53]. Experimental studies have shown that epigenetic instability is greatly influenced by miRNA which plays important role in transcriptional regulation, and any form of dysregulation as seen in overexpression often lead to a wide range of human malignancy including cervical cancer [2, 3, 11]. Like many other circulating miRNAs, studies have established that miR-9 could be useful for early detection of cervical cancer, predicting cancer prognosis, and in monitoring clinical outcome of cancer disease [55]. And that, by examining the associations between miR-9 levels in exfoliated cells, cervical tissues or serum; and the diverse biological processes such as metabolism and apoptosis, there is a consensus across studies showing that elevated levels is valuable for evaluating risk of cervical Intraepithelial neoplasia (CIN) in suspected individuals [2, 7, 53, 55, 57, 58], especially in conjunction with other equally useful markers such as miR-21, miR-155, miR-192, miR-203 and miR-205 to improve specificity for optimal treatment benefit [2, 11, 48, 53, 59–61]. Although our review is in agreement with this general consensus on diagnostic relevance of miR-9 in detection of CIN2+ [2, 11], coupled with reduced turnaround time (TAT), and non-invasive blood sampling [53, 55]; more robust clinical translation studies with larger consecutive cohorts of women participants would be appropriate for adequate validation alongside cost evaluation prior to implementation.
Moreover, in our review of p16INK4a / ki-67 assays, twenty studies recorded sensitivity, specificity, PPV, NPV, and AUC ranges of 50–100%, 39–90.4%, 11.1–92.3%, 86.7–100%, and 0.76–0.90, respectively, for the detection of CIN2+ [12, 13, 23, 28–30], with lower sensitivity of 50% reported by Ren et al [29], compared to100% sensitivity by Schmitz et al [23]. Equally, extreme specificity of 39% was reported by Areán-Cun et al. [14], compared to 90.4% specificity by Polman et al [31], and extreme PPV of 11.1% reported by Ren et al. [29] compared to 92.3% PPV by Schmitz et al. [23], with area under the ROC curve similar across studies included [13, 16, 17, 29]. Although considerable variations in diagnostic performance was observed among different studies owing to differences in population background such as age, race and methods of cytology testing, the ability of p16INK4a / ki-67 assay to detect correctly women without cervical neoplasia was applaudable; especially with larger Area Under (ROC) Curve, and higher NPV observed across studies included, coupled with convenient self sampling, non-intrusiveness, and reduced turnaround time (TAT) Table 1. Our findings are consistent with earlier review by Sun et al which recorded similar sensitivity and specificity ranges of 68.8–94.4 and 30.6–95.2, respectively, [62]. Studies have shown that detection of Ki-67 (MIB-1) nuclear biomarker and p16ink4a cytoplasmic biomarker in cervical epithelial cells is useful in detection of Low-grade squamous intraepithelial lesion (LSIL) [31], and can help to predict the prognosis of which cases of Atypical Squamous Cells of Undetermined Significance (ASCUS) and LSIL will progress to High-grade squamous intraepithelial lesion (HSIL), and invasive cancer. Hence, integration of p16ink4a / ki-67 assay as a point of care test to be used specifically to identify at one visit, cases of cervical dysplasia with subsequent cryotherapy treatment, is an option extensively under investigation [28, 31, 63]. Recent studies have recommended the implementation of p16/Ki-67 and HPV-DNA tests combination for safe monitoring the recurrence of CIN2+ given that some patients treated for CIN2 and CIN3 tend to relapse overtime [28]. However, there is a serious doubt as to whether a combination p16/Ki-67 assay and VIA may serve as alternative in facilities with resource limitations considering low sensitivity associated with VIA [63, 64].
Accordingly, this review established that p16/Ki-67 assay is preferable for triaging HPV-DNA or VIA positives cases given the robust clinical translation studies with larger consecutive cohorts of women participants recorded in the recent past [30]. Moreover, studies have also demonstrated that p16/Ki-67 assay is able to identify accurately women at risk of precancerous lesions who may need to undergo further retesting at extended intervals [31]. Thus, with minimal training on the staining and interpretation protocol as demonstrated earlier in Slovenia and California [65–67], other cytotechnologists and cytopathologists in low and middle income countries (LMIC) would equally be able to examine and report correctly cases of cervical neoplasia given that similar trainings had also been piloted in Kenya and Malawi with good results [68]. Furthermore, considering the interobservers variability, and the need for repeat tests associated with Pap cytology, studies have equally shown that implementation of p16/Ki-67 assay would be more cost effective compared to the conventional Pap cytology [69].
DNA methylation assays on the other hand recorded sensitivity, specificity, PPV, NPV, and AUC ranges of 59.7–92.9%, 67–98%, 15–95.4%, 65.5–98.3%, and 0.81–0.86, respectively, in detection of CIN2+ [23, 38–44], with a low sensitivity of 59.7% reported by Schmitz et al [23], compared to 92.9% sensitivity by Dong et al [39]; and extreme PPV of 15% reported by van Leeuwen et al [40], compared to 95.4% PPV by Kong et al, [38]. DNA methylation is a major epigenetic mechanism that involves the transfer of a methyl group to the C5 carbon residues (5mC) of cytosines that is mediated by a family of DNA methyltransferases, and plays an important role in various biological processes including the regulation of gene expression, genomic imprinting, cell differentiation, development, and inflammation [70]. Studies have shown that DNA hypermethylation may occur when multiple methyl groups are transferred to one cytosine that should not be methylated, causing gene silencing with subsequent initiation of carcinogenesis [13]. Given that DNA methylation is significantly higher in CIN2+ and CIN3+ women, determining levels of key genes such as JAM3, SOX1 or L1 in cytology samples as a triage test for HPV positive women is recommended owing to higher specificity compared to cytology Atypical Squamous Cell of Undetermined Significance (ASCUS), and sensitivity higher than HPV16/18 genotyping [39]. From our review findings, the higher specificity and area under the ROC curve recorded from various studies, coupled with convenient LBC sampling and shorter TAT support the DNA methylation suitability for facilities with no established histology infrastructure, subject to more robust clinical translation studies with larger consecutive cohorts of women participants.
Four studies evaluating Squamous Cell carcinoma Antigen (SCC-Ag) assays recorded sensitivity, specificity, PPV, NPV and AUC ranges of 78.6–81.2%, 74–100%, 66.7–100%, 82.6–84.1%, and 0.79–0.89, respectively, in detection of CIN2+ [5, 45–47], with similar performance observed across studies included. Although SCC-Ag assay is currently implemented as a rapid screening test for women at high risk of cervical neoplasia [4], and as a prognostic tool for monitoring recurrent uterine cervical cancer following a concurrent Chemoradiotherapy (CCRT) [45, 71], studies have recommended the measurements of SCC-Ag serum levels in conjunction with other complementary markers such M-CSF or VEGF to improve specificity for optimal treatment benefit [46]. Squamous cell carcinoma (SCC) antigen belongs to the serine protease inhibitor (Serpin) family of proteins that have been confirmed as tumor markers for cervical squamous cell carcinoma, and is often seen elevated in patients serum suggestive of tumor stage, parametrial invasion, and lymph node metastasis [45, 72]. It is present at high levels in 20–60% of patients with early stage cervical cancer (CC), with abnormally high levels also observed in 25% of individuals with adenocarcinoma (ADC) [7]. Recent studies have established that elevated levels of SCC-Ag is associated with extensive tumor, poor survival of patients treated by CCRT, and radiotherapy resistance [71, 73]; and that, preoperative SCC-Ag is equally useful in predicting adjuvant chemotherapy outcome in patients with intermediate-risk factors [74]. Unfortunately, few studies have evaluated the performance of SCC-Ag assay, either as single biomarker or in combination with other complementary biomarkers; thus, calling for more robust clinical translation studies with larger consecutive cohorts of women participants.
Macrophage Colony Stimulating Factor (M-CSF) assays included in our review reported sensitivity, specificity, PPV, NPV, and AUC ranges of 68–87.7%, 64.7–94%,77.4–92%, 75–82.7%, and 0.75–0.86, respectively, [5, 46–49], with performance characteristics relatively similar across all studies. Macrophage colony-stimulating factor (M-CSF) is a hematopoietic growth factor that stimulates the proliferation and differentiation of Monocytes to macrophages. Experimental studies have shown that increased expression of M-CSF and its receptor leads to recruitment of tumor-associated macrophages (TAMs) in different types of cancers that also stimulate cancer cell proliferation and migration [5, 47, 48]. Consequently, M-CSF overexpression in plasma levels serves as useful predictor of carcinogenesis, and poor prognosis [46]. Although M-CSF assay displays useful diagnostic values for CIN2+, Lubowicka et al., and Zajkowska et al recommended the interpretation of elevated levels in conjunction with other complementary markers such as VEGF or SCC-Ag. to improve specificity for optimal treatment benefit, given that their levels are equally raised in other types of cancer as well [47]; a suggestion also supported by Sidorkiewicz et al [5]. Although our review results are in agreement with included studies, more robust clinical translation studies with larger consecutive cohorts of women participants would be appropriate for adequate validation of the assay.
Finally, four of the studies evaluating Vascular Endothelial Growth Factor (VEGF) assays included in our review recorded sensitivity, specificity, and AUC ranges of 56–83.5%, 74.6–96%, and 0.83–0.86, respectively, [5, 50–52], with 86% PPV and 82% NPV reported by Ławicki, et al. [50]. Our review findings supports earlier suggestion by Sidorkiewicz et al.and Cheng et al, of the diagnostic usefulness, and clinical applicability of VEGF assay in cervical, breast or endometrial cancer, particularly with regards to consistency in specificity and AUC across all studies; and the diagnostic correlation with other complementary assays such as M-CSF and SCC-Ag [5, 51]. Members of Vascular Endothelial Growth Factor (VEGF) family comprising VEGF-A, −B, −C, −D, and placenta growth factor (PlGF) are dimeric glycoprotein measuring 34–42 kDa, and constitutes one of the most important signaling pathways associated with angiogenesis [75]. Although VEGF biomolecules normally express in normal cells, elevated levels in plasma has been associated with cervical or endometrial cancer [5, 51, 75]. Ceci et al, in his review observed that patient with VEGF overexpression often present with bulky tumors, pelvic lymph node involvement and parametrial infiltration [75], an observation equally supported by Zusterzeel et al. [76]. Accordingly, our review results supported earlier suggestion of clinical usefulness of VEGF in the diagnosis of cervical cancer; subject to more robust clinical translation studies with larger consecutive cohorts of women participants.
Limitations
This systematic review presents the latest developments in the field of SCC Ag, M-CSF, VEGF, miRNA (miR-9), p16INKa / ki-67, HPV E6/E7 mRNA and DNA methylation tests accuracy. We have included relatively adequate number of articles published in different countries employing large number of study participants. However, our review result should be interpreted in light of a few shortcomings. Our main setback was lack of studies that employed similar and well-defined population with same cervical pathology characteristics. Thus, our review suffered from heterogeneity of studies which made it difficult to pool the performance characteristics of each of the tested assays. Additionally, use of histologically confirmed CIN2+ endpoint when evaluating the test accuracy represents a challenge because of the regression (false positive) or progression (false negative) of many confirmed lesions. Moreover, confining our inclusion criteria to include only articles published in English languages would also mean missing some of the relevant studies; thus reducing the accuracy of our results.
Conclusions
The larger AUC and higher NPV correspond to a better diagnostic tool. Consequently, the reported test performance and the receiving operating characteristics curves implies that implementation of p16ink4a / ki-67 assay as a point of care test to be used specifically to triage HPV-DNA positive women at one visit with subsequent cryotherapy treatment is feasible, especially in regions with inadequate histology infrastructure such as Kenya [68, 77]. This will reduce colposcopy referrals [78], and cushion high loss to follow-up associated with histology longer turnaround time [78, 79]. For the rest of assays, more robust clinical translation studies with larger consecutive cohorts of women participants is recommended for adequate validation, coupled with cost evaluation prior to implementation.
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