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Abstract 32 

 33 
Background: High-risk (hr) HPV (human papillomavirus) testing to triage women with 34 

minor cervical lesions generates many referrals. 35 

Purpose: To evaluate the accuracy and utility of HPV16/18 genotyping and the utility of 36 

HPV16/18 genotyping as a second triage step after prior triage with hrHPV in women 37 

with minor cervical lesions.  38 

Sources: Searches in four bibliographic databases, without language restrictions, from 39 

01/01/1999 to 1/02/2016. 40 

Study Selection: Studies involving women with atypical squamous cells of undetermined 41 

significance (ASC-US) or low-grade squamous intra-epithelial lesions (LSIL) who were 42 

triaged with tests for hrHPV and HPV16/18 to find cervical intra-epithelial neoplasia, 43 

grade 2 or 3 or worse (CIN2+/CIN3+). 44 

Data Extraction: Independent study selection, extraction of data and quality assessment 45 

by two reviewers. 46 

Results: We found 24 studies of moderate to good quality involving 8,587 ASC-US and 47 

5,284 LSIL cases. The pooled sensitivity of HPV16/18 genotyping for CIN3+ was 48 
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around 70% in both ASC-US or LSIL. The pooled specificity (threshold <CIN2) was 49 

83% (95% CI 80 to 86%) in ASC-US and 76% (95% CI 74 to 79%) in LSIL.  50 

The average risk for CIN3+ was 17% and 19% in HPV16/18 positive women with ASC-51 

US and LSIL, respectively.  The average risk for CIN3+ was 5% in hrHPV+ but 52 

HPV16/18- women with either ASC-US or LSIL. 53 

Limitations: Methodological and technical heterogeneity among studies, insufficient  54 

data to assess accuracy of separate assays.  55 

Conclusion: HPV16/18 testing as a sole triage test for women with minor abnormal 56 

cytology is poorly sensitive, but may be useful as second triage after hrHPV testing, with 57 

direct referral if HPV16/18+. Whether colposcopy or repeat testing is recommended for 58 

hrHPV+/HPV1618- women depends on local decision thresholds that can be derived 59 

from pretest-posttest probability plots.    60 

 61 

Primary Funding Source: 7th Framework Programme of the European Commission. 62 

 63 

Introduction 64 

Several countries are switching to HPV-based screening, however, cytological 65 

examination of a Pap smear is still the main form of cervical cancer screening in many 66 

places around the world. Direct referral for diagnostic work-up by colposcopy and biopsy 67 

usually is recommended for women with high-grade lesions. However, women with 68 

minor cytological abnormalities, including ASC-US (atypical squamous cells of 69 

undetermined significance) or LSIL (low-grade squamous intraepithelial lesions), have 70 

only a modestly increased risk for developing cervical cancer (1). In the past, repeating 71 

the Pap test (repeat cytology) was the recommended follow-up for women with ASC-US 72 

or LSIL. Given the strong etiological link between high-risk (hr) human papillomavirus 73 

(HPV) infection and cervical cancer, hrHPV testing has been proposed as an alternative 74 

triage method for women with equivocal or mildly abnormal cytology.  75 

 76 

Randomised trials and systematic reviews show that hrHPV testing is more sensitive and 77 

similarly specific compared to repeat cytology to identify underlying or incipient cervical 78 

precancer in women with ASC-US. (2-4) Accordingly, hrHPV triage has become 79 

standard practice (5-8). LSIL is associated with a risk of precancer similar to hrHPV+ 80 

ASC-US (9). Since the large majority of LSIL cases test positive for hrHPV (10), triage 81 

by hrHPV testing is inefficient (11,12). The widespread practice of referring all women 82 

with hrHPV+ ASC-US or LSIL to colposcopy carries a considerable burden and cost. As 83 

HPV types 16 and 18 cause around 70% of cervical cancers (8), genotyping for these 84 

types has been proposed as an additional tool allowing more fine-tuned management. 85 

 86 

In this paper, we present the results of a systematic review on the accuracy of genotyping 87 

for HPV16/18 to triage women with ASC-US/LSIL, or to triage women with ASC-88 

US/LSIL who are hrHPV positive. We also present a framework to assess the clinical 89 

utility of triage tests, based on the risk of cervical precancer before and after triage. 90 

 91 
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Methods 92 

We developed a protocol (see data supplement); followed standard procedures for meta-93 

analyses of diagnostic accuracy studies (12,13); and reported processes and results 94 

according to standard guidelines (14). 95 

 96 

Data Sources and Searches 97 
We searched, using no language restrictions and the search strategies given in the 98 

protocol, PUBMED-Medline, EMBASE, Scopus and CENTRAL from January 1, 1999 to 99 

February 1, 2016 and also culled reference lists of selected reports.  100 

 101 

Study Selection 102 
Two reviewers independently screened titles and abstracts to identify relevant studies. 103 

Studies had to involve 20 or more women with either ASC-US or LSIL who had cervical 104 

samples tested with an assay detecting hrHPV as well as HPV16 and HPV18, and  with a 105 

reference test to verify presence or absence of CIN (cervical intraepithelial neoplasia) 2+ 106 

and/or CIN3+.  107 

 108 

The group of women with atypical squamous cells of undetermined significance 109 

comprised ASCUS/ASC-US (defined according to the 1988/2001 editions of the 110 

Bethesda System) (15,16) or borderline dyskaryosis (17). The group with low-grade 111 

squamous intra-epithelial lesions included LSIL (16) and mild dyskaryosis (17).  Authors 112 

were contacted if no separate accuracy data were reported for ASC-US and LSIL or when 113 

only the outcome CIN3+ was reported. 114 

 115 

Tests and Reference Standards 116 
The evaluated index tests were assays identifying DNA or RNA of HPV16 and HPV18, 117 

jointly or separately (HPV16/18). A positive HPV16/18 test was considered positive if 118 

HPV16 or HPV18 were present and negative when both types were absent. The 119 

comparator tests were hrHPV assays identifying at least eight hrHPV types 120 

(HPV16/18/31/33/35/45/52/58). The HC2 assay was chosen as hrHPV comparator test if 121 

present. In studies where HC2 was not applied, other hrHPV assays or genotyping tests 122 

identifying separate hrHPV types were accepted as the hrHPV comparator test. Details 123 

regarding test platforms and the panel of considered hrHPV types were noted. The cut-off 124 

proposed by the manufacturer of each assay was accepted as the positivity criterion.  125 

 126 

In addition to the single triage strategy with HPV16/18 genotyping, a combined triage 127 

strategy was assessed, where HPV16/18 genotyping as a second triage step was restricted 128 

to women who were hrHPV-positive at a first triage step. All women underwent 129 

verification with colposcopy, colposcopy-directed biopsies (possibly supplemented with 130 

random biopsies) or endocervical curettage. The type of verification (reference standard) 131 

was recorded for each study. Two levels of disease outcome were considered: CIN2+ and 132 

CIN3+.  Adenocarcinoma in situ was included in the CIN3+ outcome.  133 

 134 

Data Extraction and Quality Assessment 135 
Two authors (MA, MJK) independently checked the eligibility of references and 136 

extracted the numbers of true positives, true negatives, false positives, and false negatives 137 
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for each test, triage group and outcome. Information on the study design, the clinical 138 

setting where patients were enrolled, the HPV assays, and the verification procedures was 139 

condensed in comprehensive tables. The quality of the selected studies was evaluated 140 

independently by two co-authors (LX, FV or MK) using the Quality Assessment of 141 

Diagnostic Accuracy Studies (QUADAS) check list (18,19). 142 

 143 

Data Synthesis and Analysis 144 
The absolute sensitivity and specificity were pooled using a bivariate normal model for 145 

the logit transforms of sensitivity and specificity (20,21). Summary receiver-operating-146 

characteristics (sROC) and forest plots plots were drawn to show the joint overall and 147 

study-specific sensitivity and specificity of triage of ASC-US or LSIL using HPV16/18 148 

genotyping. 149 

 150 

The relative sensitivity and specificity of the index tests versus comparator tests were 151 

computed by including the test as a covariate in the bivariate model (22,23).  We used the 152 

Linear Array assay (Roche Molecular Systems, Pleasanton, CA, USA) as comparator to 153 

assess the relative accuracy of HPV16/18 typing with different assays. Sources of 154 

heterogeneity in accuracy were assessed by including a series of potentially influential 155 

covariates in the bivariate model: QUADAS items, type of gold standard, HPV test 156 

platform used for hrHPV testing or HPV16/18 genotyping. The Deeks' regression test, 157 

based on the regression of the log diagnostic odds ratio onto 1/(effective sample size), 158 

was used to assess small study effects (publication bias) (24). Statistical significance was 159 

defined at the level p<0.05. However, for the assessment of the variation of accuracy over 160 

multiple categories, we applied a Bonferronni correction (0.05/k, k being the number of 161 

categories) to adjust the significance level. We conducted the statistical analyses with 162 

STATA version 13 (StataCorp, College Station, TX, USA) and SAS Enterprise, version 163 

5.1 (SAS Institute Inc, Cary, NC, USA). 164 

 165 

Pretest posttest probability plots were constructed to help evaluate utility of tests and 166 

testing strategies. Posttest risks were computed from the average prevalence of precancer 167 

in the reviewed studies. Decision thresholds were based on benchmark risk levels of 1% 168 

and 10%, applied in Europe, and 2.6% and 5.2%, applied in the US (25-27). 169 
 170 
Funding Source 171 
The review was funded by the Directorate-General for Research & Innovation of the 172 

European Commission (7th Framework Program, grant No. 603019). The funders had no 173 

role in the design, conduct, or reporting of the review. 174 
 175 
 176 

Results 177 

Selection of studies, study characteristics 178 
From 899 references, 24 studies were selected that met inclusion criteria (see PRISMA 179 

flow-chart in Supplementary Figure 1).  Studies involved 8,587 women with ASC-US 180 

and 5,284 with LSIL (28-51). An overview of study design, population, and test 181 

characteristics is provided in the Supplementary Tables 1-2. Additional data was obtained 182 

from the authors of most of the studies, with the exception of eight papers that contained 183 
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all the absolute numbers required for computation of sensitivity and specificity 184 

(29,30,37,47-51). Study settings included colposcopy clinics (30,32,34-36,38,40-42,44-185 

46,49-51), primary screening settings  (28,29,39,43,47), a maternity center (31), and 186 

pathology archives (33,37). Fifteen different HPV assays were evaluated. 187 
 188 

Quality of included studies 189 
Supplementary Table 3 summarizes the methodological quality of the included studies. 190 

Most studies were of moderate or good quality; three were scored as probably free of bias 191 

(29,32,43), while one was scored of poor quality (37). The most common potential 192 

sources of bias were failure to report on uninterpretable/equivocal test results (n=12), 193 

failure to account for withdrawals (n=9), and an unclear delay between tests (n=8). 194 

 195 

Absolute sensitivity and specificity 196 
The sROC (Supplementary Figure 2) and forest plots (Figure 1) display the variation 197 

among studies as well as the pooled values of the sensitivity and specificity of genotyping 198 

for HPV16/18 to detect CIN2+ or CIN3+ in women with ASC-US and LSIL. HPV16/18 199 

genotyping identified, on average, 70.7% (95% CI: 64.9-76.0%) of CIN3+ in women 200 

with ASC-US and 70.0% (95% CI: 65.4-74.2%) in women with LSIL (Table 1). The 201 

sensitivity of HPV16/18 for CIN2+ was lower (difference of 12 to 14%) compared to  202 

CIN3+. The pooled specificity to exclude CIN2+ was 82.9% (95% CI: 79.6-85.7%) in 203 

ASC-US and 76.3% (95% CI: 73.5-78.9%) in LSIL. 204 

 205 

Table 2 shows how the accuracy of genotyping for HPV16/18 varied by test system using 206 

the Linear Array assay as the comparator. No statistically significant differences in 207 

sensitivity were observed. However, a higher specificity (p<0.0036) was noted for Easy 208 

Chip in triage of ASC-US and for Pretect HPV Proofer and MALDI-TOF (matrix-209 

assisted laser desorption-ionization time-of-flight) and E6/E7 qPCR) in triage of LSIL, 210 

whereas a  lower specificity was noted for Clinical Arrays in triage of ASC-US. 211 

 212 

Relative accuracy of genotyping for HPV16/18 compared to detection of hrHPV  213 
The relative sensitivity of genotyping for HPV16/18 compared to hrHPV testing for 214 

detecting CIN3+ was 0.75 (95% CI: 0.68-0.83) in women with ASC-US and 0.70 (0.63-215 

0.77) in women with LSIL (Table 3). The specificity of HPV16/18 to exclude CIN2+ was 216 

substantially higher than hrHPV testing: 1.70 (95% CI: 1.51-1.90) in ASC-US and 3.14 217 

(95% CI: 2.83-3.48) in LSIL. Results for genotyping for HPV16 compared to hrHPV 218 

testing and compared to genotyping for HPV16/18 are provided in the supplement. 219 

 220 

Influence of study and test characteristics, and small study effects 221 
Few study quality items influenced the accuracy of HPV16/18 to detect underlying 222 

precancer (Supplementary Table 6). In women with ASC-US, the specificity of 223 

HPV16/18 was higher when withdrawal of cases was unclear, and in cases of partial 224 

verification.  In women with LSIL, the sensitivity was higher and the specificity lower 225 

when an inappropriate reference test was used or when withdrawal of cases was not 226 

explained.  227 

 228 
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Genotyping for HPV16/18 in triage of ASC-US was less sensitive when the reference 229 

standard involved additional random biopsies or a mixture of gold standard tests, and was 230 

more specific when only one biopsy from the most suspect area was taken compared to 231 

when multiple colposcopy-targeted biopsies were taken. In general, the choice of the 232 

platform used for hrHPV testing (HC2 or other platform, panel of targeted hrHPV types, 233 

DNA or RNA testing) did not influence the relative accuracy of HPV16/18 genotyping 234 

compared to hrHPV testing. However, in triage of LSIL the magnitude of the relative 235 

specificity was higher with HC2 than with other hrHPV test platforms as comparator 236 

(Supplementary Table 8). The relative accuracy of an RNA-based assay targeting 237 

HPV16/18-45 was not different from an assay targeting HPV16/18 (Supplementary Table 238 

9).   239 

Deeks' regression test for funnel plot asymmetry did not reveal small study effects 240 

(Supplementary Table 10 and Supplementary Figure 6). 241 

 242 

Meta-analysis of the accuracy of HPV16/18 genotyping in women with ASC-US or 243 

LSIL testing hrHPV positive 244 
For women with ASC-US or LSIL who tested hrHPV positive in a first step triage, the 245 

pooled sensitivity was similar or slightly higher and the specificity was lower 246 

(Supplementary Table 11 and Figure 7) compared to all women with ASC-US or LSIL 247 

(table 1).    248 

 249 

Pretest and posttest risk of cervical precancer 250 
Table 4 displays accuracy measures and pre- and post-test probabilities of CIN2+ and 251 

CIN3+. Prior to triage testing, the average pre-test risk for CIN3+ is 6% among women 252 

with ASC-US. A positive hrHPV test raises the average risk to 10.1% and a negative 253 

hrHPV test decreases the risk to 0.5%. A positive HPV16/18 test in women with ASC-US 254 

raises the risk to 16.9% and a negative HPV16/18 test lowers it to 2.4%. In women with 255 

LSIL, the pretest probability of CIN3+ is 8.6%, whereas the post-test probabilities after 256 

triage are: 10.6% (if hrHPV+), 19.3% (if HPV16/18+), 1.0% (if hr HPV-) and 3.8% (if 257 

HPV16/18-). With the two-step triage, the risks of CIN3+ are 17.9% (if HPV16/18+) and 258 

4.5% (if HPV16/18-) for women with ASC-US; and 18.0% (if HPV16/18+) and 5.1% (if 259 

HPV16/18-) for women with LSIL. 260 

 261 

Pretest-posttest-probability plots 262 
The utility of scenarios to triage women with LSIL is displayed in Figure 2, using 263 

European (at 1% and 10%) and US (at 2.6% and 5.2%) decision thresholds. A positive 264 

HPV16/18 result reclassifies 30% of patients with LSIL needing a colposcopy referral, 265 

whereas the other 70% need repeat testing (yellow zone in plot A). Plot 3B displays shifts 266 

in risk when hrHPV testing is followed by HPV16/18 genotyping. hrHPV testing 267 

minimally increases the risk of CIN3+ from 9% to 11% for hrHPV-positive LSIL but 268 

decreases the risk to 1% for hrHPV-negative LSIL. Adding HPV16/18 genotyping to 269 

hrHPV-positive LSIL women reclassifies 43% as needing immediate referral. Repeated 270 

surveillance testing is recommended for the remaining 57% who carry other hrHPV 271 

types.   272 

 273 
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In the US, the pretest risk of CIN3+ in women with LSIL is considered already 274 

sufficiently high to justify referral (Fig 3C). hrHPV-negative women could be followed 275 

conservatively (green zone in plots). HPV16/18-positive women need referral. Women 276 

who are hrHPV+ but HPV16/18- could be recommended to have either colposcopy or 277 

retesting, since their risk level is borderline (between the red and yellow risk zones).  278 

Additional plots, for diverse triage situations  are shown in the Supplementary Figures 8-279 

13. 280 

 281 

 282 

Discussion 283 

This meta-analysis found that genotyping for HPV16 and 18 detects approximately seven 284 

out of ten cases of CIN3+ and about six out of ten cases of CIN2+ in women with minor 285 

abnormal cytology. The pooled specificity (threshold < CIN2) is 83% in ASC-US and 286 

76% in LSIL. HPV16/18 genotyping was substantially more specific but also less 287 

sensitive than testing for hrHPV. The average risk of underlying CIN3+ was 17% and 288 

19% in HPV16/18-positive women with ASC-US or LSIL, respectively; 2% and 4% 289 

among women testing HPV16/18 negative, having ASC-US or LSIL, respectively; and 290 

5% in women being hrHPV positive but HPV16/18 negative, having either ASC-US or 291 

LSIL.  292 

 293 

These findings, in particular, the posttest risks of precancer, are useful for deciding how 294 

to incorporate HPV16/18 genotyping results into patient management. Up to recently, 295 

genotyping was done after hrHPV testing on hrHPV-positive women. Today, several 296 

genotyping platforms are available that allow inexpensive and high-throughput one-step 297 

genotyping. These platforms often give a readout of HPV16 and HPV18 genotyping 298 

separate from the other hrHPV testing, allowing the clinician immediate access to a 299 

secondary triage test. Our findings suggest that such partial genotyping tests can be used 300 

to risk stratify hrHPV-positive women to immediate colposcopy or to delayed follow-up. 301 

Local decision thresholds should help inform decisions about the clinical usefulness of 302 

the secondary triage strategy. In European guidelines, a risk for CIN3+ of >10% is 303 

considered the threshold for referring a woman to colposcopy. In the US, this decision 304 

threshold lies at >5.2%; an interval for surveillance testing 6-12 months later is proposed 305 

if the risk of CIN3+ is between 2.6-5.2%, and an interval for testing at longer intervals is 306 

proposed if the risk for CIN3+ is <2.6% (25,26). Women with ASC-US or LSIL who are 307 

hrHPV-positive but negative for HPV16/18 have a risk of underlying CIN3+ of around 308 

5%. US guidelines would classify this risk as borderline. This means that both immediate 309 

referral to colposcopy or retesting would be plausible options without clear preference 310 

(Figure 2, plot C). The utility of genotyping is more obvious in a European setting, where 311 

delayed retesting could be proposed for women with minor cytological abnormalities 312 

who carry other high-risk types than HPV16/18. 313 

 314 

Strengths of this meta-analysis include a large number of patients with ASC-US and 315 

LSIL from 24 studies enrolling more than 8,000 women with ASC-US and more than 316 

5,000 women with LSIL. Our group has previously reviewed the utility of hrHPV testing 317 

in triage of borderline and low-grade cytologic abnormalities (3,4,12,52), but no group 318 

has previously performed a systematic review of HPV16/18 genotyping as a primary or 319 
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secondary triage test. This study helps clinicians to understand the underlying risks 320 

associated with HPV16/18 positivity which is now routinely reported in many of the 321 

newer HPV testing platforms.  322 

In the background of our meta-analysis, we also assessed the accuracy of  triage using 323 

genotyping for only HPV16, the most carcinogenic type.  Genotyping of HPV16/18, was 324 

8% more sensitive for CIN3+ in both ASC-US and LSIL, but 5% and 8% less specific, in 325 

ASC-US and LSIL, respectively, compared to genotyping for HPV16 (Appendix chapters 326 

5 & 6).  327 

Only eight of the twenty-four included studies contained all the required data in the 328 

published reports, but the required data from the other studies was obtained directly from 329 

the contacted authors. The studies were of moderate to good methodological quality  330 

giving us confidence in the reliability of our sensitivity and specificity estimates. There 331 

was no evidence of publication bias or small study effects. We found consistent and 332 

precise estimates of all relative accuracy estimates of HPV16/18 genotyping compared 333 

with hrHPV testing.   334 

 335 

Our review identified several limitations in available data, including the lack of age-336 

stratified data and too little data to precisely assess the accuracy of separate assays. Test 337 

accuracy studies are observational in design with short term outcomes that do not provide 338 

evidence on effectiveness with respect to prevention of cancer (53). Randomised trials 339 

assessing cumulative incidence of CIN3+ or cancer among triage-negative women are 340 

needed to provide high-quality evidence on the efficacy of alternative management 341 

options. Studies had methodological and technical heterogeneity although the influence 342 

of study quality and test characteristics on estimates of test accuracy appeared limited. 343 

 344 

Conclusion 345 

Triage of women with minor cytological abnormalities with partial genotyping 346 

identifying HPV16/HPV18 increases efficiency compared to hrHPV but at the expense of 347 

loss in sensitivity. Whether a triage test has good triaging capacity can be demonstrated 348 

by plotting risks of precancer on pre- and post-test probability plots.  Women testing 349 

positive for HPV16/18 are at high risk and should be referred to colposcopy. Women 350 

carrying other hrHPV types but not HPV16/18 cannot be released to routine screening. 351 

Whether the risk is sufficiently low in these women to avoid referral to colposcopy or to 352 

propose repeat testing depends on local decision thresholds.   353 

 354 
 355 
  356 
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 401 
 402 

 403 

Figure 1. Meta-analysis of the sensitivity (left) and specificity (right) of genotyping for HPV16/18 to 404 
detect CIN3+ in women with ASC-US.   405 
ASC-US: atypical squamous cells of undetermined significance; CIN: cervical intraepithelial lesion.  406 
* HPV16/18 genotyping with APTMA included also HPV45. 407 
 408 

 409 
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 410 
 411 
Figure 2.  Pretest (left Y axis) and posttest probabilities (right Y axis) of CIN3+ after triage in women with 412 
LSIL using HPV16/18 genotyping as a single triage test (plot A) or using a two-step triage with hrHPV 413 
testing followed by HPV16/18 genotyping if hrHPV+ (plots B & C). Benchmarks are defined at risk levels 414 
1% and 10%, often applied in Europe (Plots A & B), and at risk levels 2.6% and 5.2%, applied in the US 415 
(Plot C).    416 
CIN: cervical intra-epithelial neoplasia; HPV: human papillomavirus; hr: high-risk; LSIL: low-grade 417 
squamous intraepithelial lesion. 418 
 419 
 420 
 421 
 422 

 423 

 424 
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 425 
Table 1. Pooled absolute sensitivity and specificity of genotyping for  HPV16/18 in triage of women with 426 
women with ASC-US or LSIL to detect underlying CIN2+ or CIN3+. 427 
      Pooled value, in % 

Genotyping Triage Outcome No of Sensitivity  Specificity 

  group   studies/tests (95% CI)  (95% CI) 

HPV16/18 ASC-US CIN2+ 32 58.8 (54.6-62.9)  82.9 (79.6-85.7) 

  CIN3+ 25 70.7 (64.9-76.0)  78.1 (73.3-82.3) 

 LSIL CIN2+ 28 55.5 (52.4-58.5)  76.3 (73.5-78.9) 

    CIN3+ 24 70.0 (65.4-74.2)   72.5 (69.0-75.8) 

ASC-US: atypical squamous cells of undermined significance; CIN: cervical intra-epithelial neoplasia; 428 
HPV: human papillomavirus; hr: high-risk; LSIL: low-grade squamous intraepithelial lesion. 429 
 430 

Table 2. Variation in sensitivity and specificity of genotyping for HPV16/18 with a particular test system 431 
compared to genotyping for HPV16/18 with the Linear Array assay to detect CIN2+ in women with ASC-432 
US (left) or LSIL (right). 433 

  Triage of ASC-US Triage of LSIL 

Test 

No. of 

studies Sensitivity p Specificity p Sensitivity p Specificity p 

   ratio  ratio  ratio  ratio 

Linear array† 10 1.00 1.00 1.00 1.00 

Abbott RT PCR 5 0.85 (0.61-1.17) 0.3112 0.99 (0.93-1.05) 0.7274 0.88 (0.64-1.19) 0.4028 1.02 (0.97-1.07) 0.5137 

PapilloCheck 1 0.967 (0.59-1.56) 0.8696 1.02 (0.85-1.22) 0.8461 1.03 (0.61-1.73) 0.9245 1.08 (0.92-1.27) 0.3546 

Clinical Arrays 1 0.96 (0.52-1.79) 0.8972 0.63 (0.50-0.81) 0.0002* 1.01 (0.69-1.48) 0.9639 0.82 (0.71-0.95) 0.0081 

Cervista 2 1.14 (0.78-1.65) 0.4973 1.00 (0.90-1.12) 0.9498 - - 

COBAS 4800 3 1.13 (0.92-1.39) 0.2325 1.03 (0.97-1.08) 0.3432 0.92 (0.74-1.14) 0.4552 1.01 (0.96-1.07) 0.6530 

Easy Chip 1 1.09 (0.64-1.86) 0.7414 1.16 (1.08-1.25) 0.0001* 0.78 (0.40-1.55) 0.4812 1.17 (1.02-1.36) 0.0304 

MALDI-TOF 1 0.77 (0.46-1.30) 0.3329 1.12 (1.0-1.21) 0.0043 0.88 (0.64-1.21) 0.4266 1.19 (1.09-1.29) <0.0001* 

CLART 2 0.99 (0.64-1.54) 0.9608 0.99 (0.89-1.12) 0.9898 1.17 (0.89-1.54) 0.2655 0.87 (0.76-1.01) 0.0607 

E6/E7 qPCR 1 1.39 (0.72-2.69) 0.3303 1.12 (1.0-1.22) 0.0043 0.60 (0.17-2.17) 0.4382 0.95 (0.77-1.18) 0.6644 

BD Viper 1 0.98 (0.15-6.32) 0.9847 0.97 (0.73-1.29) 0.8148 0.91 (0.59-1.42) 0.6932 1.03 (0.91-1.16) 0.6498 

PapType 1 0.89 (0.13-6.30) 0.9055 0.96 (0.72-1.29) 0.7965 0.94 (0.61-1.45) 0.7743 1.03 (0.91-1.17) 0.6498 

HPV Proofer 2 0.96 (0.63-1.47) 0.8542 1.05 (0.9-1.13) 0.2679 0.86 (0.61-1.21) 0.3858 1.10 (1.03-1.18) 0.0031* 

APTIMA 1 0.85 (0.11-6.60) 0.8750 1.00 (0.77-1.31) 0.9758 0.91 (0.57-1.45) 0.6798 1.00 (0.87-1.14) 0.9437 

† comparator test; *significant likelihood ratio test which assess whether the relative accuracy is 434 
statistically different from unity with significance level defined at 0.05/k (k=14, being the number of 435 
compared assays, Bonferronni correction for multiple comparisons). 436 
 437 

 438 
ASC-US: atypical squamous cells of undermined significance; CIN: cervical intra-epithelial neoplasia; 439 
HPV: human papillomavirus; LSIL: low-grade squamous intraepithelial lesion. 440 
 441 
  442 
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 443 
Table 3. Meta-analysis of the relative sensitivity and relative specificity of genotyping for HPV16/18 444 
compared to testing for high-risk HPV. 445 

Triage  Number of Relative  Relative  

Group Outcome comparisons sensitivity P specificity p 

ASC-US CIN2+ 29 0.59(0.54-0.65)  <0.0001  1.70 (1.51-1.90)  <0.0001  

 CIN3+ 15 0.75 (0.68-0.83)  <0.0001  1.87 (1.64-2.12)  <0.0001  

LSIL CIN2+ 19 0.56 (0.51-0.62)  <0.0001  3.14 (2.83-3.48)  <0.0001  

  CIN3+ 15 0.70 (0.63-0.77)  <0.0001  3.49 (3.01-4.05)  <0.0001  

ASC-US: atypical squamous cells of undermined significance; CIN: cervical intra-epithelial neoplasia; 446 
HPV: human papillomavirus; hr: high-risk; LSIL: low-grade squamous intraepithelial lesion. 447 
 448 

 449 

 450 
Table 4. Accuracy (sensitivity, specificity, likelihood ratios, test positivity rate), pre-test and 451 
post-test probabilities of CIN2+ and CIN3+ of triage with hrHPV testing or HPV16/18 452 
genotyping among women with ASC-US or LSIL (white rows). Data for triage with HPV16/18 453 
genotyping among women hrHPV-positive ASC-US or hrHPV-positive LSIL are shown in the 454 
grey rows (two-step triage).  455 
 456 

         Post-test risk 

Triage     Pre-test Pooled Pooled       if test+ if test- 

Group Test Outcome risk* sensitivity specificity PLR NLR test+ PPV cNPV 

ASC-US hrHPV CIN2+ 10.1% 95.0% 48.6% 1.85 0.10 55.8% 17.2% 1.1% 

    CIN3+ 6.0% 96.6% 45.0% 1.76 0.08 57.5% 10.1% 0.5% 

  HPV16/18 CIN2+ 10.1% 58.8% 82.9% 3.43 0.50 21.3% 27.7% 5.3% 

    CIN3+ 6.0% 70.7% 78.1% 3.23 0.38 24.8% 16.9% 2.4% 

ASC-US  HPV16/18 CIN2+ 17.2% 60.1% 67.3% 1.84 0.59 37.4% 27.5% 11.0% 

& hrHPV+   CIN3+ 10.1% 73.8% 61.7% 1.93 0.42 41.9% 17.9% 4.5% 

LSIL hrHPV CIN2+ 21.1% 96.9% 24.8% 1.29 0.12 79.7% 25.6% 3.4% 

    CIN3+ 8.6% 97.7% 22.4% 1.26 0.10 79.3% 10.6% 1.0% 

  HPV16/18 CIN2+ 21.1% 55.5% 76.3% 2.34 0.58 30.4% 38.5% 13.5% 

    CIN3+ 8.6% 70.0% 72.5% 2.55 0.41 31.1% 19.3% 3.8% 

LSIL HPV16/18 CIN2+ 25.6% 60.2% 64.6% 1.70 0.62 41.7% 36.9% 17.5% 

& hrHPV+   CIN3+ 10.6% 72.6% 60.7% 1.85 0.45 42.8% 18.0% 5.1% 

 457 
ASC-US: atypical squamous cells of undermined significance; CIN: cervical intra-epithelial neoplasia; 458 
HPV: human papillomavirus; hr: high-risk; LSIL: low-grade squamous intraepithelial lesion; PLR: positive 459 
likelihood ratio; NLR: negative likelihood ratio; PPV: positive predictive value; cNPV: complement of the 460 
negative predictive value (cNPV=1-NPV). 461 
*Pretest risk: average of the prevalence or short term cumulative incidence of CIN2+ or CIN3+ pooled 462 
from the studies included in the meta-analysis. For 2-step triage, the pre-test risk corresponds with the post-463 
test risk after hrHPV testing. 464 
 465 

Reproducible Research Statement 466 
Study Protocol:  see Data Supplement 467 

Statistical Code:  see Methods and Study Protocol in Data Supplement 468 

Data Set: available from the first author upon request. 469 
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