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ABSTRACT

Previous systematic reviews and meta-analyses (SRMA) have assessed individual cervical
cancer screening tests, but none has comprehensively assessed all major modalities using
harmonized accuracy metrics. The objective of this research was to pool the diagnostic
performance of visual inspection with acetic acid (VIA), visual inspection with Lugol’s iodine
(VILI), cytology, human papillomavirus (HPV) DNA (clinician-collected and self-sampling),
and HPV mRNA testing for detecting cervical intraepithelial neoplasia grade 2 or worse
(CIN2+) in primary screening. We combined an umbrella review of 27 SRMAs (570 primary
studies, >1.15 million women) with an updated meta-analysis of 34 individual studies using
colposcopy-directed biopsy as the reference standard. Pooled sensitivity (Sn), specificity (Sp),
positive and negative likelihood ratios (LR+ and LR-, respectively), and diagnostic odds ratios
(DOR) were estimated using bivariate hierarchical summary receiver operating characteristic
models. The results show that clinician-collected HPV DNA and mRNA testing had strong
performance (HPV DNA: Sn 0.88, Sp 0.80, LR- 0.15, DOR 30; HPV mRNA: Sn 0.86, Sp 0.72,
LR- 0.19, DOR 16), but the latter was based on only four studies. VILI appeared comparable
(Sn 0.86, Sp 0.89, LR- 0.16, DOR 47) but VIA did not (Sn 0.71, Sp 0.87, LR- 0.33, DOR 17).
Weaker accuracy was observed with self-sampled HPV DNA testing. Performance of cytology
varied by threshold. In conclusion, clinician-collected HPV DNA testing showed the strongest
overall accuracy for CIN2+ detection, supporting WHO recommendations. VILI is a viable
alternative in resource-limited settings. HPV mRNA and self-sampling approaches need further
evaluation.
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INTRODUCTION

Cervical cancer remains a leading cause of cancer mortality among women worldwide, with
approximately 341,831 deaths in 2020. Of these, nearly 90% occurred in low- and middle-
income countries (LMICs), which accounted for 84% of new cases (Arbyn et al., 2020; Sung
et al., 2021). Several primary screening modalities are available, including visual inspection
with acetic acid (VIA), visual inspection with Lugol’s iodine (VILI), conventional cytology,
liquid-based cytology (LBC), and human papillomavirus (HPV) testing (DNA- and mRNA-
based, clinician- or self-collected). They differ in accuracy, cost, and infrastructure
requirements (WHO, 2021).

Although several systematic reviews and meta-analyses (SRMA) have evaluated these tests
individually (Arbyn et al., 2018; Mustafa et al., 2016; Smith et al., 2023), none has provided a
consolidated assessment of all major modalities under a harmonized analytic framework. This
study addresses that gap through a two-step approach: an umbrella review of existing SRMAs
and an updated diagnostic test accuracy meta-analysis on the performance of all main screening
modalities for detecting cervical intraepithelial neoplasia grade 2 or worse (CIN2+).

LITERATURE REVIEWS

Several SRMAs have assessed individual cervical cancer screening tests but each has covered
only a limited subset. Arbyn et al. (2014, 2018) compared HPV testing on self- versus clinician-
collected samples but did not evaluate visual inspection tests. Mustafa et al. (2016) included
HPV testing, cytology and VIA but accepted colposcopy with or without biopsy as the
reference standard, risking verification bias. Smith et al. (2023) evaluated VIA, VILI, HPV
testing, and conventional cytology but not LBC. More recent reviews (Downham et al., 2024;
Karisani et al., 2024; Terasawa et al., 2022) covered additional methods, but no single SRMA
has consolidated all major modalities (i.e., VIA, VILI, conventional cytology, LBC, HPV DNA
[clinician- and self-collected], and HPV mRNA) under uniform inclusion criteria and a
consistent analytic framework. This gap limits the availability of comprehensive evidence to
inform screening choices in different settings.

RESEARCH METHODOLOGY

This study combined an umbrella review with an updated diagnostic test accuracy meta-
analysis, following the Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines and the umbrella review methodology of Aromataris et al. (2015).
PubMed and Scopus were searched from inception to September 2024, combining terms for
cervical screening, diagnostic accuracy, CIN outcomes, and SRMA filters. For primary studies,
the same base search strategy was used but without the SRMA filter, using publication-year
filters based on the most recent corresponding SRMA for each primary screening modality.
Eligible SRMAs were those that evaluated diagnostic performance of VIA, VILI, cytology, or
HPV testing (i.e., index test) in apparently healthy women with intact cervices (i.e.,
population), used colposcopy-directed or random biopsy applied to all women as the reference
standard, and reported CIN2+ as an outcome. Eligible primary studies were cross-sectional
diagnostic accuracy studies that met the same criteria for population, index test, reference
standard, and outcome as the above, with index-to-reference interval less than 12 weeks.
SRMAs or studies restricted to HIV-positive or pregnant populations, or reporting only co-
testing/triage strategies, were excluded.

Overlap among SRMAs was quantified using the corrected covered area (Pieper et al., 2014).
Methodological quality of SRMAs and primary studies was appraised using AMSTAR-2 (Shea
et al,, 2017) and QUADAS-2 (Whiting et al., 2011), respectively. Pooled sensitivity,
specificity, positive and negative likelihood ratios (LR+ and LR-, respectively), and diagnostic
odds ratios (DOR) were estimated with the MIDAS module in Stata (Dwamena, 2007), which
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fits hierarchical bivariate random-effects hierarchical summary receiver operating
characteristic models. For index tests with insufficient data to support stable bivariate
estimation, study-level Sn, Sp, LR+, LR-, and DOR are reported instead of pooled estimates.
Heterogeneity was quantified using the I? statistic, interpreted as low (< 25%), moderate (25-
50%), substantial (50-75%), or considerable (> 75%) following Higgins et al. (2003).

RESEARCH RESULTS

From 1,388 records identified, 27 SRMAs met the eligibility criteria after screening (Figure 1),
encompassing 570 primary studies and over 1.15 million women, published between 2000 and
2024.
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Figure 1 PRISMA 2020 flow diagram for selection of systematic reviews

HPV DNA and HPV mRNA tests were the most frequently assessed modalities (clinician-
collected HPV DNA, n = 16; self-sampled HPV DNA, n = 7; clinician-collected HPV mRNA,
n = 6), followed by VIA (n=11), VILI (n = 8), cytology (n = 8), and LBC (n =4). All SRMAs
used CIN2+ as the diagnostic threshold. The corrected covered area was 2.33% (slight overlap),
and AMSTAR-2 ratings were predominantly low or critically low.

A total of 34 unique primary studies were included: 26 retained from the SRMAs and 10 newly
identified (Figure 2). Most were conducted in LMICs as population-based screening programs,
with mean age of 35-40 years.



[4]

Previous SRMAs Identification of new studies via and regi:
—
5 Records identified from Records removed: Records identified from: Records removed:

i i y Databases (n=4222 " _
§ f:vs;::\ous systematic Duplicate records removed (n=212) Puhm{ad (n='|5)52} Duplicate records removed (n=1474)
i (n=562) Scopus (n= 2670)

g | l
Records excluded based on title and abstract Record Juded based on fil 4
screening (n=268) Records screened ecords excluded based on title an:
f},‘z‘g"gg; screened Ineligible population (n=149) (n=2748) | abstract screening (n=2626)
Ineligible index tests (n=5) Ineligible population (n=1567)
Ineligible reference standard (n=76) Ineligible index tests (n=530)
Ineligible outcome (n=18) Ineligible reference standard (n=92)
Ineligible study design (n=18) Ineligible outcome (n=405)
2 Full texts unavailable (n=2) Ineligible study design (n=32)
-
H
“'.g v
Reports excluded (n=56)
Ineligible ulation (n=5] I Reports excluded (n=112)
Records assessed for |ne\gime mix tests t(n =3)) Re?u"lﬁs ﬂssessed for eligibility Ineligible index tests (n=6)
eligibility on full text " Ineligible reference standard (n=39) 3:‘=1 22]e »|  Ineligible reference standard (n=88)
(n=82) Ineligible outcome (n=8) Ineligible outcome (n=18)
Ineligible study design (n=1)
- !
Eligible studies identified from previous Eligible studies identified from database searches
systemalic reviews (n=26) (n=10)
§ #*| Eligible studi = 4—— | Records removed:
g Eligible studies (n=36) Duplicata records removed (n=2)
1
Total eligible studies included in review (n=34) ‘

ﬁgure 2 PRISMA 2020 flow diagram for individual primary study selection

Thirty-three studies used colposcopy-directed biopsy and one study (Thapa et al., 2018) used
random biopsy, both applied to all screened women, as the reference standard. QUADAS-2
showed low risk of bias in patient selection (79.4%), index test (67.6%), and reference standard
(73.5%) domains, but high risk in flow-and-timing (50%), mainly due to concerns regarding
incomplete patient flow, including unexplained exclusions from the analysis and unclear
blinding of assessors.

Pooled diagnostic accuracy estimates by screening method are shown in Table 1. Clinician-
collected HPV DNA achieved high sensitivity (0.88) and a low LR- (0.15), with specificity of
0.80 and a DOR of 30. VILI also showed high sensitivity (0.86), specificity (0.89), and DOR
(47), along with a low LR- (0.16). VIA had a moderate LR- (0.33) and sensitivity (0.71).
Conventional cytology and LBC showed the expected threshold trade-off, with high-grade
squamous intraepithelial lesion or worse (HSIL+) reaching specificity of 0.98-0.99 and very
high DORs but low sensitivity. Low performance was observed with self-sampling HPV DNA
(sensitivity, 0.62; LR-, 0.45; and DOR, 9), while clinician-collected HPV mRNA achieved high
sensitivity (0.86) as well as a low LR- (0.19), but lower specificity (0.72). Substantial to
considerable between-study heterogeneity was observed for most modalities (1> > 75% for VIA,
conventional cytology subgroups, clinician-collected HPV DNA, and clinician-collected HPV
mRNA; I? = 51% for self-sampled HPV DNA; see Table 1). Only three studies were available
for the low-grade squamous intraepithelial lesion or worse (LSIL+) and HSIL+ thresholds of
LBC (Belinson et al., 2001; Belinson et al., 2002; Hovland et al., 2010); thus, pooled bivariate
estimation could not be performed due to model non-convergence, and the corresponding
study-level estimates are reported in Table 1
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Table 1 Pooled diagnostic accuracy estimates by screening method for CIN2+ detection

Screening method N

Sn (95% CI)

Sp (95% CI)

LR+ (95% CI)

LR- (95% CI)

DOR (95% I*

CD (%)
VIA 22 0.71(0.62-0.78) 0.87 (0.80-0.92) 5.6 (3.6-8.8) 0.33(0.25-0.44) 17 (9-30) 100
VILI 7 0.86(0.70-0.94) 0.89 (0.80-0.94) 7.6(3.9-14.8)  0.16(0.07-0.37) 47 (13-172) 97
ConvCytol 11 0.70(0.55-0.81) 0.91(0.85-0.94) 7.4(4.9-11.2)  0.34(0.23-0.50) 22(13-37) 100
ASCUS+
LBC ASCUS+ 5 0.85(0.69-0.94) 0.80 (0.62-0.91) 4.3 (2.0-9.3) 0.19 (0.08-0.44) 23 (6-94) 92
ConvCytol LSIL+ 13 0.61 (0.50-0.72) 0.95 (0.93-0.97) 12.7 (8.6-18.7)  0.41 (0.31-0.54) 31 (18-55) 98
LBC LSIL+ 3 0.60-0.87* 0.94-0.98* 13.5-24.5% 0.14-0.41* 60-106*  —
ConvCytol HSIL+ 7 0.57 (0.42-0.71) 0.99 (0.97-0.99) 39.7 (25.0-63.2) 0.44 (0.31-0.61) 91 (62-133) 98
LBC HSIL+ 3 0.33-0.77* 0.98-0.99* 34.9-47.7% 0.24-0.67* 71-163%  —
HPV DNA CC 12 0.88(0.74-0.95) 0.80 (0.67-0.89) 4.4 (2.7-7.3) 0.15 (0.06-0.33) 30 (13-74) 100
HPV DNA SS 4 0.62(0.41-0.80) 0.84(0.78-0.88) 3.9 (2.3-6.6) 0.45(0.25-0.80) 9 (3-25) 51
HPVmRNACC 4 0.86(0.79-0.91) 0.72(0.47-0.88) 3.1 (1.4-6.6) 0.19 (0.11-0.32) 16 (5-51) 76

N = number of studies; ASCUS+ = atypical squamous cells of undetermined significance or
worse; CC = clinician-collected; ConvCytol = conventional cytology; DOR = diagnostic odds
ratio; HSIL+ = high-grade squamous intraepithelial lesion or worse; LBC = liquid-based
cytology; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; LBC = liquid-based
cytology; LSIL+ = low-grade squamous intraepithelial lesion or worse; Sn = sensitivity; Sp =
specificity; SS = self-sampling; VIA = visual inspection with acetic acid; VILI = visual
inspection with Lugol’s iodine.

*Range across 3 individual studies (Belinson et al., 2001; Belinson et al., 2002; Hovland et al.,
2010).

DISCUSSION & CONCLUSION

This umbrella review integrated 27 SRMAs (570 primary studies, >1.15 million women) and
34 individual primary studies to evaluate eight cervical cancer screening modalities under a
harmonized framework. A consistent performance gradient emerged: clinician-collected HPV
DNA and VILI provided the best balance of sensitivity and specificity, VIA performed
moderately, and cytology showed the expected threshold-related trade-off, with HSIL+
delivering very high specificity but lower sensitivity. Self-sampling HPV DNA had relatively
weak overall performance, while clinician-collected HPV mRNA achieved high sensitivity
with strong rule-out capability but lower specificity.

Our findings are broadly consistent with earlier SRMAs (Arbyn et al., 2018, 2022; Smith et al.,
2023) and reinforce clinician-collected HPV DNA as the preferred primary screening test
where resources allow. The high accuracy of VILI corroborates earlier LMIC-focused work
(Driscoll et al., 2018; Fokom-Domgue et al., 2015). The pooled HPV mRNA estimates
represent the first hierarchical summary receiver operating characteristic meta-analysis
combining multiple mRNA studies under a uniform framework, though the wide specificity
confidence intervals reflect the limited number of studies on this relatively new test.

From a programmatic perspective, HPV DNA testing requires laboratory infrastructure and
trained personnel, with per-test costs of approximately US$5-15 in LMICs versus US$1-5 for
the visual inspection methods. Among the latter, VILI represents an attractive option for
resource-limited settings. It requires minimal infrastructure and enables screen-and-treat
strategies, yet in our analysis it achieved favorable sensitivity (0.86) and LR- (0.16), indicative
of strong rule-out capability approaching that of clinician-collected HPV DNA. VIA remains
a fallback with lower and more variable performance. Policymakers should balance diagnostic
accuracy with cost, infrastructure, and population coverage (WHO, 2021).

Strengths of this study include the combination of an umbrella review with an updated meta-
analysis, systematic quality appraisal using AMSTAR-2 and QUADAS-2, and the wide range
of modalities and settings examined. Limitations include substantial heterogeneity for visual
and cytology tests, the limited evidence base for LBC and self-sampling HPV DNA and HPV
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mRNA assays, the rarity of within-population multi-test comparisons, and the absence of
stratified reporting by age, HIV status, or screening history.

In conclusion, clinician-collected HPV DNA testing showed strong overall diagnostic accuracy
for CIN2+ detection, supporting current WHO recommendations for HPV-based primary
screening. VILI represents a viable visual alternative in resource-limited settings, while
cytology at the ASCUS+ cut-off offers the most balanced performance for triage where
cytology infrastructure is available. Further studies on HPV mRNA assays and self-sampling
approaches are still needed, alongside head-to-head studies and stratified analyses to guide
context-appropriate screening strategies.
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