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Abstract 26 

Background: Lack of consensus in management guidelines for women with minor cervical 27 

lesions, coupled with novel screening approaches, such as human papillomavirus (HPV) 28 

genotyping, necessitate revisiting prevention policies. We evaluated the cost-effectiveness 29 

and resource trade-offs of alternative triage strategies to inform cervical cancer prevention in 30 

Norway. 31 

Methods: We used a decision-analytic model to compare the lifetime health and economic 32 

consequences associated with ten novel candidate approaches to triage women with minor 33 

cervical lesions. Candidate strategies varied by: 1) the triage test(s): HPV testing in 34 

combination with cytology, HPV testing alone with or without genotyping for HPV-16 and-35 

18, and immediate colposcopy, and 2) the length of time between index and triage testing (i.e., 36 

6, 12 or 18 months). Model outcomes included quality-adjusted life-years (QALYs), lifetime 37 

societal costs, and resource use (e.g., colposcopy referrals).  38 

Results: The current Norwegian guidelines were less effective and more costly than 39 

candidate strategies. Given a commonly-cited willingness-to-pay threshold in Norway of 40 

$100,000 per QALY gained, the preferred strategy involved HPV genotyping with immediate 41 

colposcopy referral for HPV-16 or -18 positive and repeat HPV testing at 12 months for non-42 

HPV-16 or -18 positive ($78,010 per QALY gained). Differences in health benefits among 43 

candidate strategies were small, while resource use varied substantially. More effective 44 

strategies required a moderate increase in colposcopy referrals (e.g., a 9% increase for the 45 

preferred strategy) compared with current levels.  46 

Conclusion: New applications of HPV testing may improve management for women with 47 

minor cervical lesions, yet are accompanied by a trade-off of increased follow-up procedures.  48 
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INTRODUCTION 49 

A better understanding of cervical carcinogenesis has led to the development of several 50 

prevention approaches that target high-risk human papillomavirus (HPV), the causative agent 51 

of cervical cancer and one of the most common sexually transmitted infections [1]. The 52 

majority of infections clear within 1-2 years; however, the risk of developing cervical 53 

precancer and cancer increases with HPV persistence [2, 3]. The relationship between HPV 54 

and cervical cancer led to the development of HPV vaccines, which target the two most 55 

oncogenic HPV genotypes (i.e., HPV -16 and -18) that contribute to ~70% of all cervical 56 

cancers [4]. Vaccination of adolescent girls against HPV infections has been adopted by 57 

nearly all developed countries; yet cervical cancer screening remains an essential preventive 58 

measure for those individuals not offered the HPV vaccine or who are past the age of 59 

vaccination.  60 

HPV DNA testing for high-risk infections is more sensitive in detecting cervical 61 

precancer and cancer than cytology and represents an opportunity to improve screening 62 

effectiveness [5]. HPV testing has been recommended to triage women with cytology results 63 

indicating minor cervical lesions (i.e., atypical squamous cells of undetermined significance 64 

(ASC-US) and/or low-grade squamous intraepithelial lesion (LSIL)) since the beginning of 65 

the 2000s; recent applications involve replacing cytology as the primary screening test [6, 7]. 66 

In Norway, a randomized implementation study was initiated in 2015 to evaluate switching 67 

women from primary cytology-based screening to HPV-based screening at age 34 years [8]; 68 

however, national scale-up is not scheduled for several years. In the interim, revisiting the 69 

application of HPV testing within the current cytology-based screening may help improve 70 

screening effectiveness and efficiency.  71 

 72 
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Women with cytology results of ASC-US and LSIL have a higher risk of progressing 73 

to a more severe lesion within the next screening round than those with normal cytology [9, 74 

10], but the elevated risk may not warrant direct referral to diagnostic colposcopy with biopsy. 75 

Management guidelines for these women differ among developed countries, and determining 76 

the optimal follow-up approach as well as the threshold to prompt colposcopy referral 77 

remains a challenge. For example, decision-makers in Norway updated the screening 78 

guidelines for women with either ASC-US or LSIL in July 2014 to include re-testing a 79 

woman’s initial cytology sample for the presence of high-risk HPV (i.e., reflex HPV testing). 80 

Women testing positive for high-risk HPV are recommended to return 6 to 12 months later 81 

for repeat testing to identify persistent high-risk HPV infections or cytologic abnormalities. 82 

In other European countries and the United States, reflex HPV testing is reserved for women 83 

with ASC-US [11, 12], while women with LSIL are referred directly to colposcopy due to the 84 

high prevalence of HPV in these women [13]. A recently published cohort study from the 85 

U.S. demonstrates the importance of risk-stratifying women with ASC-US according to HPV 86 

genotype, prompting the authors to call for cost-effectiveness analyses that assess the value of 87 

HPV genotype testing to triage women with minor cervical cytological lesions [14]. 88 

Revisiting cytology-based algorithms will be important not only for women of all ages prior 89 

to the national scale-up of primary HPV testing, but also for younger women unlikely to be 90 

recommended primary HPV testing due to the high prevalence of transient HPV infections 91 

[13].  92 

Decision-analytic modelling has been previously applied to assess the cost-93 

effectiveness of cervical cancer screening in Norway [15-17] and elsewhere [18], as well as 94 

management of ASC-US in the U.S. [19]. To our knowledge, there are no recent studies that 95 

evaluate alternative triage applications of HPV testing, such as HPV genotyping and delayed 96 

repeat testing, on the long-term health and economic consequences. Our objective was to 97 
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identify the optimal triage management approach for women with cytology results of ASC-98 

US and LSIL within the context of the Norwegian Cervical Cancer Screening Program.  99 

 100 

MATERIALS AND METHODS  101 

Analytic approach 102 

We adapted a previously developed microsimulation model [20, 21] to reflect the natural 103 

history of HPV and cervical cancer in Norway. We projected the long-term health and 104 

economic consequences associated with ten alternative management strategies for women 105 

aged 25 to 69 years with either ASC-US or LSIL on their index cytology and who were 106 

positive for high-risk HPV on their reflex test (Figure 1). The alternative triage strategies 107 

varied with respect to 1) the triage test(s): HPV with cytology in combination (i.e., co-testing), 108 

and HPV testing alone with or without genotyping for HPV-16 and -18, and 2) the length of 109 

time in between index and triage testing (i.e., at 6, 12 or 18 months following the index test 110 

result). We also considered one strategy that allowed direct referral to colposcopy with 111 

biopsy for all women who had ASC-US or LSIL and were positive for high-risk HPV on their 112 

index screen (Figure 1). Our primary health outcomes included life expectancy, quality-113 

adjusted life years (QALYs), and the lifetime risk of developing cervical cancer. Economic 114 

outcomes included the total lifetime cost per screened woman, expressed in 2014 USD 115 

($USD = NOK6.30) [22], as well as resource use in terms of number of cytology and HPV 116 

tests, colposcopy referrals, and precancer treatments. We adopted a societal perspective, 117 

accounting for patient time and transportation costs (Table 1), and discounted monetary costs 118 

and health benefits by 4% per year, consistent with Norwegian guidelines for economic 119 

evaluation [23].  120 
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We identified cost-efficient strategies by calculating the incremental cost-121 

effectiveness ratio (ICER), defined as the additional cost per QALY gained, of a strategy 122 

compared to the next most costly strategy. Strategies that were more effective and less costly, 123 

or had a lower cost per QALY gained than other less costly strategies were considered cost-124 

efficient. In Norway, there is no consensus for a single threshold value below which an 125 

intervention is considered cost-effective; therefore, we used a commonly-cited threshold 126 

value of 500,000 Norwegian Kroner (~$80,000 in 2005-values [24]) per QALY gained, and 127 

adjusted to 2014-values using changes in real income wage in Norway during 2005-2014 [25]. 128 

Consequently, we considered the strategy that provided the most health benefits with an 129 

ICER below $100,000 to be cost-effective.  130 

 131 

Simulation model  132 

The individual-based model simulates a hypothetical cohort of women through the natural 133 

history of HPV-induced squamous cell cervical carcinoma.[20, 21] Individuals girls enter the 134 

model at age 9 with no HPV infections or cervical abnormalities and face monthly transitions 135 

between health states until death. Health states reflect HPV infection status (stratified by 136 

HPV -16, -18, -31, -33, -45, -52 and -58, pooled other high-risk HPV types, and pooled low-137 

risk HPV types), grade of precancer (stratified by cervical intraepithelial neoplasia grade 2 138 

(CIN2) and grade 3 (CIN3)) and invasive cancer (stratified by local, regional and distant 139 

stages). Monthly transitions can depend on HPV genotype, duration of infection or lesion, 140 

history of prior HPV infection, and age. For each individual woman, the model tracks clinical 141 

events such as screening and treatment histories, as well as the resource use and expenditures. 142 

We assumed that the underlying natural history of cervical cancer is similar across countries, 143 

but geographical variations in risk factors (e.g., sexual behavior) influence country-specific 144 
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epidemiology; therefore, we allowed baseline transition parameters to vary across a plausible 145 

range of values. We used a likelihood-based calibration approach to identify 50 unique 146 

parameter sets that simultaneously achieve good fit to Norwegian epidemiologic data 147 

including type-specific HPV prevalence and HPV type distribution in cervical intraepithelial 148 

neoplasia grade 3 (CIN3) and cervical cancer (see Technical Appendix available at the 149 

author’s website [26]). We calculated the base-case health and economic outcomes as the 150 

average value across all 50 parameter sets, and used the minimum and maximum values to 151 

reflect uncertainty bounds. 152 

 153 

Costs 154 

We included the direct medical and non-medical costs associated with screening, diagnosis, 155 

and treatment of precancer and cancer, which were updated from previous analyses [15, 17]. 156 

Briefly, relevant cost components were valued using Norwegian fee schedules and micro-157 

costing of Norwegian pathology laboratories (Table 1 and Technical Appendix available at 158 

the author’s website [26]), based on Norwegian guidelines for economic evaluation [23]. In 159 

sensitivity analysis, we explored uncertainty around cost estimates assuming 50% and 200% 160 

of base-case values (Table 1). In addition, we explored the impact of restricting the scope of 161 

the analysis to include only direct medical costs or broadening the scope of the analysis to 162 

include productivity losses associated with sick leave after precancer and cancer treatments. 163 

 164 

Screening strategies and scenarios 165 

The Norwegian Cervical Cancer Screening program invites women aged 25 to 69 years to 166 

cytology-based screening every three years. The screening program is managed by the 167 
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Cancer Registry of Norway, which mails information letters about the screening program to 168 

all women aged 25 years (the age at which they are eligible to initiate screening), as well as 169 

reminder letters to women who have not attended routine screening or guidelines-based 170 

follow-up procedures. Women with a normal cytology result (i.e., no intraepithelial lesion or 171 

malignancy (NILM)) return to a routine screening schedule, while women with a high-grade 172 

result (i.e., atypical squamous cells, cannot rule out high-grade squamous intraepithelial 173 

lesions (ASC-H), or high-grade intraepithelial lesion (HSIL)) are referred directly to 174 

diagnostic colposcopy with biopsy. For women with cytology results indicating minor 175 

cervical lesions (i.e., ASC-US or LSIL) the current Norwegian guidelines recommend reflex 176 

HPV testing, allowing HPV negative women to return for routine screening in three years 177 

(Figure 1). Women testing positive for high-risk HPV are recommended to return 6 to 12 178 

months later for repeat cytology and HPV co-testing, and are referred to colposcopy if results 179 

indicate the presence of a persistent high-risk HPV infection and/or cytologic abnormalities 180 

of LSIL or worse. For this analysis, we assumed the current Norwegian algorithm involved 181 

delayed co-testing at 12 months, but included 6 and 18 month delayed co-testing to reflect the 182 

variation in screening guidelines.  183 

We compared the current triage algorithm in Norway with seven alternative strategies 184 

to triage women with ASC-US or LSIL on their index cytology and who were positive for 185 

high-risk HPV on their reflex test (Figure 1). Candidate strategies involved three 186 

management approaches: (1) HPV testing with genotyping for HPV-16 and -18, (2) HPV 187 

testing without genotyping for HPV-16 and -18, and (3) immediate colposcopy referral. The 188 

HPV genotyping strategy involves referring women who test positive for the two most 189 

oncogenic HPV genotypes (i.e., HPV-16 and -18) on their index reflex test directly to 190 

diagnostic colposcopy. Women positive for the other pooled high-risk HPV types are 191 

required to return for repeat HPV testing. Similar to the co-testing strategy, we varied the 192 
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length of time in between index and repeat test(s) by 6, 12 or 18 months following their index 193 

results. Surveillance following a negative biopsy was constant across all strategies and 194 

reflected current practice in Norway (i.e., delayed co-testing at 12 months).  195 

The alternative screening strategies were outlined in collaboration with key decision-196 

makers in Norway for a previous analysis [16]. To reflect the policy decision currently on the 197 

table in Norway, we did not consider differential management for women diagnosed with 198 

ASC-US and LSIL (e.g., immediate colposcopy for all women with LSIL and reflex HPV 199 

testing for women with ASC-US) in our primary analysis; however, we included this strategy 200 

in a secondary analysis. We also expanded the secondary analysis to identify whether the 201 

optimal triage strategy may differ for younger women (i.e., < age 34), accounting for the 202 

likely switch to primary HPV testing starting at either age 31 or 34 (every 5 years) [8]. For all 203 

analyses, we assumed perfect adherence to screening guidelines, but varied this assumption in 204 

sensitivity analysis using data on observed screening and follow-up compliance from the 205 

Cancer Registry of Norway (see Technical Appendix available at the author’s website [26]) 206 

[27, 28]. For example, we assumed that 72.3% of women with cytology results indicating 207 

ASC-US or LSIL attended recommended triage testing [27]. Screening test characteristics for 208 

cytology, HPV testing, and diagnostic colposcopy with biopsy were based on primary data 209 

and published literature (Table 1) [29-33], and are conditioned on a woman’s underlying 210 

health state. 211 

 212 

RESULTS 213 

Primary analysis: Management of women within current cytology-based program 214 
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For women with a cytology result of ASC-US or LSIL and who are positive for high-risk 215 

HPV on reflex testing, the current Norwegian guidelines involving co-testing at 12 months 216 

was projected to reduce the lifetime risk of cervical cancer by 85.9% compared with no 217 

screening (Table 2). For the alternative triage strategies, the reductions in lifetime risk of 218 

cervical cancer ranged from 85.4% to 87.0%. Despite the modest differences in effectiveness, 219 

resource use varied considerably among the candidate strategies (Figure 2). For example, 220 

compared with current guidelines-based management, the most effective strategy (i.e., 221 

immediate colposcopy for all women with ASC-US or LSIL on index cytology and high-risk 222 

HPV) was expected to increase colposcopy referrals and precancer treatments by 21.4% and 223 

14.9%, respectively. In comparison, the strategy involving genotyping with colposcopy for 224 

women positive for HPV -16 or -18 (with repeat HPV testing in 12 months for non HPV -16 225 

or -18 positive women) increased colposcopy referrals and precancer treatment rates by 8.7% 226 

and 6.8 %, respectively. The duration of time in between index and triage testing was an 227 

important resource-driver. For example, within the same management approach, delaying 228 

repeat testing from 6 to 18 months decreased colposcopies by as much as 17% and precancer 229 

treatments by as much as 12% with only nominal impacts on health benefits.  230 

When we translated health benefits and resource use into a single composite measure 231 

of cost per QALY gained to identify cost-efficient strategies, we found that all but four triage 232 

management strategies were inefficient, including all strategies that involved co-testing 233 

(Table 2, Figure 3). The remaining efficient strategies involved repeat HPV testing at 18 234 

months without genotyping, HPV genotyping with immediate colposcopy for HPV -16 or -18 235 

positive (and repeat testing at 12 or 18 months for women positive for non-HPV-16 or -18 236 

high-risk HPV types), and immediate colposcopy for all women with ASC-US or LSIL on 237 

index cytology and high-risk HPV. The latter three strategies were projected to improve both 238 

the effectiveness and the efficiency of the Norwegian Cervical Cancer Screening Program. In 239 
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Norway, for a willingness-to-pay threshold of $100,000 per QALY gained, the preferred (i.e., 240 

most cost-effective) strategy involved genotyping with a 12-month delayed repeat HPV test 241 

for non-HPV-16 or -18 high-risk genotypes (i.e., $78,010 per QALY gained). Immediate 242 

colposcopy for any high-risk HPV positive result had a cost per QALY that only slight 243 

exceeded the willingness-to-pay threshold (i.e., $104,400 per QALY gained).  244 

 245 

Secondary analysis: Additional screening strategies 246 

When we included a strategy that allowed differential management of women with ASC-US 247 

or LSIL (i.e., reflex HPV testing for women with ASC-US and immediate colposcopy for 248 

women with LSIL), we found that this strategy was efficient but not cost-effective as the cost 249 

per QALY gained was exceedingly high (see Supplementary Appendix Table S4). For 250 

example, when holding all other assumptions constant, this strategy yielded an ICER of >$9 251 

million per QALY gained compared to the next most costly strategy. The HPV genotyping 252 

strategy remained the preferred strategy for both primary HPV-based screening start ages (i.e., 253 

age 31 and 34) (Supplementary Appendix Table S5 and S6).  254 

 255 

Sensitivity analysis 256 

Results were most sensitive to assumptions around screening and follow-up compliance, 257 

HPV test characteristics, and when we expanded the analysis to include productivity losses 258 

associated with sick leave after precancer and cancer treatments. For example, when we 259 

assumed compliance reflected empirical data from the Cancer Registry of Norway, only three 260 

strategies remained cost-efficient, including repeat HPV testing at 18 months without 261 

genotyping, genotyping (with HPV testing at 18 months for women positive for non-HPV-16 262 
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or -18 high-risk HPV types), and immediate colposcopy for all women positive for high-risk 263 

HPV (Appendix Table S3). Given current willingness-to-pay recommendations in Norway, 264 

the preferred strategy involved immediate colposcopy for all women positive for high-risk 265 

HPV. This strategy was also preferred when we reduced the sensitivity of the HPV test, in 266 

which case the strategies involving repeat HPV testing at 18 months and HPV genotyping 267 

(with HPV testing at 12 months for non-HPV-16 or -18 positive) were no longer cost-268 

efficient, and were replaced by co-testing at 18 months on the efficiency frontier. Results 269 

were moderately influenced by a 50% reduction in the cost associated with analyzing a 270 

cytology or biopsy, a colposcopy office visit, and precancer treatment, when we doubled the 271 

cost of local cancer treatment, or when we only included direct medical costs (Appendix 272 

Table 4), in which case immediate colposcopy for all high-risk HPV positive was the 273 

preferred strategy. Of note, the current Norwegian guidelines remained unattractive under all 274 

sensitivity analysis assumptions. Across the 50 simulated parameter sets, and given a 275 

willingness-to-pay threshold of $100,000 per QALY gained, the HPV genotyping strategy 276 

(requiring non-HPV-16/-18 to return 12 or 18 months later) was the preferred strategy in 52% 277 

of the simulations, while immediate colposcopy for all HPV-positive women was the 278 

preferred strategy in 48% of the simulations.   279 

 280 

DISCUSSION  281 

Our better understanding of the carcinogenic potential of persistent HPV infection and the 282 

advent of new HPV diagnostics necessitates revisiting management of women with minor 283 

cervical lesions. Our study indicates that improvements in effectiveness and efficiency can be 284 

made to the current Norwegian guidelines for management of women with ASC-US or LSIL. 285 

Given current benchmarks for what constitutes ‘good value for money’ in Norway, the 286 
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preferred strategy involves HPV genotyping to expedite management for women positive for 287 

HPV-16 or -18 infections (requiring non-HPV-16/-18 to return 12 months later), while 288 

immediate colposcopy for all high-risk HPV positive would be preferred for a small increase 289 

in the willingness-to-pay threshold. Due to the proximity of these two strategies to a 290 

willingness-to-pay threshold of $100,000 per QALY gained, there is decision uncertainty 291 

around which of these two strategies is preferred. However, immediate colposcopy for all 292 

high-risk HPV positive accompanies a considerable increase in the number of colposcopy 293 

referrals and precancer treatments compared to current levels, both of which may be subject 294 

to short-term capacity constraints in Norway. In contrast, the HPV genotyping strategies 295 

require only a moderate increase in resource use, with nominal compromises in health gains.  296 

To our knowledge, this is the first analysis to investigate the impact of using novel 297 

applications (e.g., HPV genotyping) to triage women with ASC-US or LSIL on long-term 298 

health benefits and resource use (both monetary and non-monetary). Previous studies 299 

evaluated the cost-effective management of women with minor cervical lesions in Norway, 300 

but only considered surrogate health (i.e., detected precancers) and short-term economic 301 

outcomes associated with alternative triage strategies [16, 17]. Despite different time 302 

horizons and outcomes, the current Norwegian guidelines were identified as more costly and 303 

less effective in all analyses. Our results were similar to another study performed within the 304 

Italian context that compared the short-term cost-effectiveness of three alternative triage 305 

strategies for women with ASC-US or LSIL, including immediate colposcopy and reflex 306 

HPV DNA testing [34]. Although the authors did not consider differential management of 307 

ASC-US and LSIL or HPV genotyping, their results suggest that reflex HPV DNA testing 308 

would reduce colposcopy referrals by more than 50% without considerably reducing the 309 

number of CIN2+ detected compared to referring all women with minor cervical lesions to 310 

immediate colposcopy. Consistent with a U.S.-based study published in 2002 that compared 311 



14 
 

alternative triage algorithms for women with ASC-US using a lifetime perspective [19], we 312 

found that the health benefits (e.g., reductions in cervical cancer risk) associated with varying 313 

the management of women with ASC-US or LSIL results are small. In contrast, both studies 314 

found that resource requirements vary substantially.  315 

Our study has several implications for resource utilization. First, the model used in 316 

this analysis is one of the only natural history models that explicitly accounts for the role of 317 

HPV persistence in progression to precancer and cancer. Interestingly, by allowing time for 318 

HPV infections to clear, the strategies involving 12- and 18-month delays were more efficient 319 

than strategies involving a 6-month delay. The current Norwegian guidelines recommend 320 

repeat testing as early as 6 months; our results suggest that delaying repeat testing to ≥12 321 

months impacts the specificity of a triage algorithm and can help reduce the costs and 322 

resource use of screening triage with little compromise in health gains. Second, in several 323 

European countries and the U.S., reflex HPV testing is restricted to women with ASC-US 324 

while women with LSIL are advised immediate colposcopy. We found that referring women 325 

diagnosed with LSIL directly to colposcopy would require an additional cost per QALY 326 

gained that far exceeded current willingness-to-pay threshold recommendations in Norway. 327 

In Norway, and other countries with similar epidemiologic characteristics and relative costs, 328 

the cost savings associated with reducing colposcopy referrals for HPV-negative LSILs may 329 

outweigh the incremental benefit achieved by referring these women to colposcopy.  330 

Our analysis also highlights the value of using HPV genotype testing, a novel 331 

screening technology not yet commonly used in triage algorithms. In the U.S., HPV -16 or -332 

18 genotyping is currently only recommended to triage women who are HPV-positive and 333 

cytology-negative [12], yet a recent study suggests that HPV genotype testing may also 334 

benefit management guidelines for women with minor cervical cytological lesions [14]. We 335 

found that extending genotyping to triage ASC-US and LSIL is projected to increase the 336 
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efficiency of screening algorithms, and continues to be the preferred strategy for young adult 337 

women (i.e., <34 years) unlikely to be recommended primary HPV-based screening.  338 

Our analysis has several limitations. First, data availability for other candidate 339 

biomarkers such as HPV mRNA testing is limited; consequently, we restricted the scope of 340 

this analysis to variations of HPV DNA testing. Analyses can be reevaluated as data 341 

accumulate. Second, we did not consider the optimal triage strategy for women who are 342 

vaccinated against HPV. Decision-makers in Norway have yet to reach consensus on the 343 

primary screening algorithm for women vaccinated against HPV during adolescence, 344 

therefore future analyses will need to evaluate the optimal primary and triage screening 345 

algorithm as vaccinated women enter screening target age. The capacity limits for Norwegian 346 

laboratories and hospitals are unknown; therefore, in the short-term, we cannot state whether 347 

or not a strategy identified as cost-effective is also feasible. Quantifying non-monetary 348 

resource requirements may help inform implementation decisions. Similarly, strategies that 349 

increase the number of colposcopy referrals and precancer treatments place a higher burden 350 

on women attending screening. Although women’s preferences for the trade-offs between 351 

reducing the risk of developing cervical cancer and additional diagnostic tests is unknown, 352 

quantifying expected changes in screening procedures may aid decision-makers in designing 353 

screening policies that provide an acceptable balance between benefits (e.g., reduced cancer 354 

risk) and harms (e.g., unnecessary colposcopy referrals) [16]. No single willingness-to-pay 355 

threshold value in Norway exists; therefore, other strategies on the efficiency frontier may be 356 

preferred.  Lastly, although our model is based on the best available evidence and analyses 357 

were performed using multiple parameter sets, uncertainty in the natural history and structure 358 

of the model remains. Model validation, utilizing external Norwegian data not used in the 359 

calibration process, has been performed in accordance with good modeling practice (see 360 

Technical Appendix available at the author’s website [26]) [35]. 361 
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Prior to implementing a new screening policy, and following European guidelines for 362 

quality assurance in cervical cancer screening [13], decision-makers should recommend 363 

screening algorithms that maximize the benefits and minimize the harms of screening, while 364 

simultaneously ensuring the feasibility and cost-effectiveness of the recommendations. We 365 

have identified four strategies that provide efficient use of resources, and three strategies with 366 

a potential to improve both the effectiveness and efficiency of the Norwegian Cervical 367 

Cancer Screening Program. However, more effective strategies also require more colposcopy 368 

referrals and precancer treatments than current levels. The optimal prevention policy will 369 

ultimately depend on a compendium of factors that decision-makers must consider, including 370 

investments of monetary and non-monetary resources and the availability of these resources.  371 
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Titles and legends to figures 501 

 502 

Figure 1. Alternative strategies to triage women with ASC-US or LSIL, and high-risk 503 

HPV-positive on index screen. 504 

ASC-US+: atypical squamous cells of undetermined significance or worse, ASC-H: atypical 505 

squamous cells, cannot rule out high-grade squamous intraepithelial lesions, HPV: human 506 

papillomavirus, HSIL: high-grade intraepithelial lesion. 507 

Flow diagram representing alternative screening strategies. This analysis focused on the 508 

follow-up of women with ASC-US/LSIL on their primary cytology screen, with a positive 509 

HPV result using reflex HPV DNA testing. We compared four main alternative strategies for 510 

screening triage; co-testing (i.e., HPV DNA testing and cytology in combination), HPV 511 

testing (i.e., HPV DNA testing to detect high-risk HPV), HPV -16/-18 genotyping (i.e., only 512 

referring HPV-16/-18 positives to colposcopy and requiring a persistent HPV positive result 513 

at 6, 12, or 18 months for women positive for other high-risk HPV types), or direct 514 

colposcopy for all HPV positive women. We varied the wait-time between index result and 515 

triage procedure by 6, 12 and 18 months for strategies other than direct colposcopy. Women 516 

negative for high-risk HPV could return to a routine screening schedule.  517 

 518 

Figure 2. Resource trade-offs associated with candidate triage algorithms compared 519 

with current guidelines. 520 

ASC-US = Atypical squamous cells of undetermined significance; HPV, human 521 

papillomavirus; LSIL = Low-grade intraepithelial lesion; ohrHPV, positive for non HPV-16/-522 

18 high-risk genotypes.  523 
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Colored bars denote percentage change in total costs per woman, total number of cytologies, 524 

total number of HPV tests, total number of colposcopies, and total number of treatments, of 525 

each alternative strategy compared with current guidelines in Norway (i.e., co-testing at 12 526 

months). The strategies are sorted by increasing change in costs.  527 

 528 

Figure 3. Efficiency frontier showing the trade-off of projected health benefits and costs 529 

of alternative triage algorithms for women with ASC-US or LSIL and high-risk HPV-530 

positive results. 531 

ASC-US: atypical squamous cells of undetermined significance, HPV: high-risk human 532 

papillomavirus, ICER: incremental cost-effectiveness ratio, QALYs: quality-adjusted life-533 

years.  534 

Discounted QALYs and lifetime costs ($) per screened woman (discount rate: 4% per year). 535 

Strategies connected by the solid line represent the efficiency frontier (i.e., strategies 536 

providing health benefits in terms of QALYs at lower costs, or lower ICER, than alternative 537 

strategies). All costs are expressed in 2014 US dollars (US$ = NOK6.30).  538 
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