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ABSTRACT 

Background:  In cervical cancer screening, despite noticeable reduction of cervical cancer using 

cytology screening the more sensitive human papillomavirus (HPV) test may further reduce the 

burden of cervical cancer. As many other countries, Norway are implementing primary HPV-based 

screening among older women (i.e. aged 34-69 years). As screening with primary HPV-test are being 

gradually implemented, our objective was to inform expected resource use and economic impact 

associated with women screening with primary HPV-test over a 10-year period (2020-2029).  

  

Methods: We developed a population-based multi-cohort screening model that reflects the 2018-

algorithm. The model followed cohorts of women attending primary screening through multiple 

rounds of screening. We used a multi-model approach requiring a three step-wise analysis: 1) Cohort 

Markov Model; 2) Demographic Model; and 3) Multi-Cohort Model to capture ongoing screening 

scaled to the Norwegian population level. This multidisciplinary approach involved analysis of 

epidemiological primary data, literature reviews and expert opinion, and an adaptive county-specific 

demographic process capturing county-specific capacity- and eligibility constraints for women to be 

screened with a baseline (at least one) primary HPV-screen. Primary yearly outcomes were non-

monetary resource use (i.e. number of positive tests, colposcopy procedures, and detected cases of 

CIN2/3), and monetary outcomes (indirect and total costs). We estimated expected number of 

colposcopies per 1 000 women using simulated colposcopy outcomes for the first screening round. We 

also explored a hypothetical scenario of immediate scale-up (100% switch) in 2020 in all of Norway 

on expected colposcopy procedures. 

 

Results: We projected an increase in number of positive tests, colposcopy procedures, and detected 

cases of CIN2/3 for the 34 year-olds, whereas for women aged 35-69 years and for all ages (i.e. 34-69 

years), we projected magnitude of volumes to fluctuate over time. We estimated two “peaks” in 2023 

and 2028, with number of positive tests of 30 734 in 2023 and 33 195 in 2028, colposcopy procedures 

of 9 209 in 2023 and 9 818 in 2028, and detected CIN2/3 cases of 2 764 in 2023 and 1 877 in 2028, in 

2023 and 2028. Associated total costs were $147 million and $112 million in 2023 and 2028, 

respectively. We expected a decrease in CIN2/3 detection in subsequent screening rounds, while for 

the number of positive tests and colposcopy procedures we anticipated increases in subsequent rounds, 

primarily due to population growth. For expected number of colposcopies of the first screening round, 

we found triage testing at 24 months contributed the most across all ages. In the hypothetical 

immediate scale-up, we predicted higher number of colposcopy procedures as well greater fluctuations 

over time compared to a gradual implementation.  

 

Conclusions: National fluctuations in volumes of tests and procedures within HPV-based screening 

program are expected over a 10-year period, prompting an effort in resource planning; however, less 

variability are expected for subsequent screening rounds. In facilitating a safe, timely gradual primary 

HPV-implementation, model-based projections of the new triage algorithm may be helpful for 

preparing the health system.
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LIST OF ABBREVIATIONS 

 

AGUS   Atypical glandular cells of undetermined significance    

ASC-H   Atypical squamous cells, cannot exclude high-grade lesion   

ASC-US   Atypical cells of undetermined significance  

Ca   Cancer (all types of cancer) 

CB   Credible Bounds (Lower and Upper Bounds) 

CRN    Cancer Registry of Norway 

CC    Cervical cancer   

CIN    Cervical intraepithelial neoplasia   

CIN1   Cervical intraepithelial neoplasia grade 1 (mild changes)  

CIN2    Cervical intraepithelial neoplasia grade 2 (indicates moderate changes) 

CIN3    Cervical intraepithelial neoplasia grade 3 (indicates severe changes)  

<CIN2+  CIN grade 1 or normal (no detected dysplasia) 

CIN2+   CIN grade 2, 3 or cancer 

HPV    Human papillomavirus   

HPV16/18  Genotype HPV16 and/or HPV18 

hrHPV    High risk human papillomavirus  

other hrHPV   High-risk human papillomavirus (not HPV16/HPV18) 

HSIL    High-grade squamous intraepithelial neoplasia   

LBC    Liquid-based cytology 

LSIL    Low grade squamous intraepithelial lesion 

NILM   Negative for intraepithelial lesion or malignancy   

NCCSP   The Norwegian cervical cancer screening program   

NOK    Norwegian Kroner  

PSA    Probabilistic sensitivity analysis 
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1 INTRODUCTION  

 

A persistent human papillomavirus (HPV) infection leads to the majority of cervical cancer 

cases world wide. Among the 13 high-risk HPV (hrHPV) genotypes, HPV16 and HPV18 are 

attributed to 70% of cases (Schiffman et. al., 2007). Cervical cancer screening, which began 

in Norway in the 1970`s, aims to prevent cervical cancer development (through detection of 

precancerous lesion) or improve diagnosis by detecting the disease at an early stage. 

Cytology-based, i.e., Pap-smear, screening has been estimated to contribute to reducing 

cervical cancer cases in Norway by 70% (Lønnberg et. al., 2015). However, there are 

opportunities to implement a more sensitive test, which may further reduce the burden of 

cervical cancer (Arbyn et. al., 2012). A recently published meta-analysis of four European 

randomized controlled trials found a reduction of 60-70% in invasive cervical cancers in 

women screened with primary HPV-based test compared to women who had primary 

cytology-based screening (Ronco et. al., 2014).  

 

Norway is one of several countries implementing primary HPV-based screening to replace 

primary cytology-based screening for women older than age 34 years. Following a 3-year 

pilot HPV-based screening implementation project in 2015, the Norwegian Cervical Cancer 

Screening Program (NCCSP), started to, gradually inviting all women in Norway aged 34-69 

years to 5-yearly primary HPV testing, while women aged 25-33 years will continue to screen 

every 3 years using primary cervical cytology (Cancer Registry of Norway, 2020). Due to the 

higher sensitivity and lower specificity of a primary HPV-based test (Arbyn et. al., 2012), the 

switch from 3-yearly cytology-based screening to primary HPV-based screening in older 

women may induce considerable changes in resource utilization over time, but these are 

currently unknown in Norway.   

 

The 2018 primary HPV-based testing algorithm was initiated by the Ministry of Health and 

Care Service informed by evidence from the Norwegian pilot program in 2015 (Cancer 

Registry of Norway, 2018). Evaluations of the pilot implementing program, conducted in four 

Norwegian counties: Rogaland, Hordaland, Sør-Trøndelag, and Nord-Trøndelag indicated 
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higher referral rates to colposcopy. These findings prompted adjustments to the current 

screening algorithm in order to adapt to capacity constraints at gynecologist and pathology-

laboratories. Modifications to the algorithm generally reflected a risk-based triage algorithm 

and involved geno-type specific primary HPV-based testing in order to adjust high 

colposcopy referrals (Birgit Engesæter, personal communication; and Cancer Registry of 

Norway 2019).  

 

In the long run, a well-established HPV-based cervical screening program with longer 

primary screening intervals is expected to have considerable health benefits at lower costs 

compared to cervical cytology screening (Ronco et. al., 2014; Burger et. al., 2012). However, 

an immediate implementation of primary HPV testing may result in an immediate increased 

pressure at gynecology- and pathology-services, while a gradual scale-up may help alleviate 

strains to health services by spreading resource burden over a longer period. Regardless, the 

first transition rounds of screening with primary HPV-based test is expected to yield the 

highest colposcopy rates and yield a higher precancer detection rate compared with cytology-

based screening (Ronco et. al., 2014). For example, evaluations from the Australian 

implementation of primary HPV program found that during the first 6 months after switching 

from cytology- to primary HPV-based screening colposcopy- rates increased; however, these 

referral-rates were expected to decline in subsequent rounds of screening (Machalek et. al., 

2019). Therefore, expected fluctuations in resource use during the first screening rounds 

prompts a need for resource planning and preparing workforce in provided health care 

services. As for Norway, during the planned enrollment of gradual implementation of primary 

HPV testing, model-projections quantifying national and regional resource use are required in 

an effort to prepare the health system to anticipate changes.  

 

In this study, we combined a descriptive primary data analysis using empirical data from the 

Cancer Registry of Norway (CRN) to inform 10-years model-based projections of the impact 

of the gradual national-wide implementation of primary HPV-based screening for women 

aged 34-69 years on resource use and costs in Norway. Specifically, we evaluated resource 

use and costs from the counties included in the pilot implementation program and applied 

these changes to other regions of Norway to inform national expected resource use of women 

screening with primary HPV-testing between 2020 and 2029.  
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2 MATERIALS AND METHODS 

 

2.1 Analytic overview 

We used a multi-model approach involving a combination of three step-wise analysis: 1) 

Cohort Markov Model; 2) Demographic Model; and 3) Multi-Cohort Model (Figure 1). Our 

estimations from the Cohort Markov Model and Demographic Model were used as inputs 

used in the Multi-Cohort Model in order to capture multiple rounds of primary HPV-based 

screening scaled to the population level. This multidisciplinary approach involved analysis of 

epidemiological primary data, literature reviews and expert opinion, and an adaptive county-

specific demographic process in order to project resource utilization and costs associated with 

gradually implementing primary HPV testing for women aged 34-69 years between 2020 and 

2029. We stratified our analysis for three distinct age-groups of women: aged 34 years, aged 

35-69 years, and all ages 34-69 years, as these groups of 34 year-olds and 35-69 year-olds are 

expected to vary in underlying factors such as HPV-positivity (due to sexual behavior), but 

also to capture the guidelines of the perpetual switch of women at age 34 years.  

 

Our base-case analysis was conducted in the context of the planned gradual scale-up of 

primary HPV-screening in Norway, beginning in 2015 and concluding in 2023 with 2025 

being, the year in which all women aged 35-69 years would have the opportunity for at least 

one baseline round of primary HPV-based screening. In scenario analysis, we explored the 

impacts of a hypothetical immediate scale-up (100% switch) to primary HPV-based screening 

by 2020 in all of Norway.  

 

We reported outcomes of non-monetary resource use and CIN2/3 detection, and monetary 

outcomes in each year by age-groups (women aged 34 years, women aged 35-69 years, and all 

ages of 34-69 years) in 2020-2029. Non-monetary resource were defined in terms of included 

number of positive tests, colposcopy procedures and detection of cervical intraepithelial 

neoplasia grades 2 (CIN2) and grades 3 (CIN2/3). We reported the composite outcome of 

CIN2/3 detection according to current threshold of CIN2 treatment in Norway, accounting for 

the treatment cost of assuming all women with detected CIN2 or CIN3 received treatment. We 

further assessed expected number of colposcopies per 1 000 women stratified by immediate 

colposcopy, 12- or 24 month triage test for the first round of screening during the gradual scale-
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up. Monetary outcomes included annually direct and total costs (direct and indirect costs), 

expressed in 2019 USD (US $1 = NOK 8.80), discounted by 4% per year, as recommended in 

Norway (Norwegian Directorate of Health, 2012).  

 

 

 

2.2 Model structure  

Our Cohort Markov Model reflects the cervical screening algorithm implemented by the CRN 

on July 1st 2018 (Cancer Registry of Norway, 2020). The model simulates cohorts of 

unvaccinated women through multiple rounds of screening; thus, the model did not explicitly 

account for vaccinated women (Appendix Section 1). For the prevalent screening round (i.e., 

“Round 1), we assumed disease detection was differential than in subsequent screening 
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rounds (i.e., “Round 2”) as this first round of screening would detect both prevalent and 

incident CIN2/3 and cervical cancer cases, while predominantly incident cases would be 

detected in subsequent rounds (Ronco et. al., 2014). All primary screening rounds were 

structurally equivalent, reflecting the CRN primary screening algorithm. In screening of 

women testing positive for high-risk HPV genotypes, a woman’s sample was tested for 

cytological abnormalities using liquid-based cytology (LBC) to inform triage management. 

Triage management was additionally informed by partial genotyping results (HPV16- or 

HPV18-positive, and “other hrHPV”-positive (not HPV16 or HPV18)) and severity of 

cytology result. Women were managed subsequently according to the risk-factor of abnormal 

cervical results associated with the screening test (Cancer Registry of Norway, 2020). 

   

We allocated screened women to an initial screening pathway based on their primary HPV 

test-result and cytology reflex test (if primary test was hrHPV-positive): (1) immediate 

colposcopy; (2) triage-test at 12 months; (3) delayed triage-test at 24 months; and (4) return to 

routine screening in 5 years. Women testing positive for HPV16 or HPV18 followed by any 

abnormal cytology, or other hrHPV-positive with a high-grade cytology reflex test were 

referred to immediate colposcopy and biopsy. Women that were positive for HPV16 or 

HPV18 followed by a normal cytology reflex test, or hrHPV-positive followed by low-grade 

reflex cytology result were recommended a repeat HPV test 12-months later, while women 

testing positive for other hrHPV and a normal cytology reflex test were recommended a new 

HPV test 24 months later. If women were HPV-negative, they were recommended for a new 

primary HPV screening test in 5 years.  

 

Management of women with a 12- or 24 month triage test reflected the 2018-algorithm as 

women who were positive for any hrHPV at the 12- or 24-month triage visit were referred to 

colposcopy, whereas hrHPV-negative women returned to the 5-yearly routine screening 

interval. We accounted for the underlying natural history of disease by allowing low-grade 

precancerous lesions of cervical intraepithelial neoplasia grade 1 (CIN1) to regress to negative 

for intraepithelial lesion or malignancy (NILM) or progress to cervical intraepithelial 

neoplasia grade 2 or more severe (CIN2+) during the triage period. The model did not allow 

for diagnosis of cancer outside the screening interval (i.e., cancer interval) to occur. We 

accounted for non-compliance at each step of the screening process: primary, triage, 
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colposcopy and treatment. The model followed compliant women, while non-compliant 

women were censored and were assumed to not re-enter into the model. Screening adherence 

at primary screen, follow-up procedures (i.e. immediate colposcopy, triage test at 12- or 24 

months), and treatment were assumed to be similar between the screening rounds. To capture 

parameter uncertainty, we applied beta-distribution to vary probabilistically selected key 

parameters in Round 1 (Table 1). We calculated the base-case health and economic outcomes 

in each cycle-year as the mean value across 1 000 probabilistic simulations and used the 

minimum and maximum values to reflect uncertainty bounds (lower and upper bounds); 

herein referred to as CB (credible bounds). Our Markov Cohort Model was built in the open-

source modeling framework of AMUA version 0.2.9. 

 

Our Demographic Model reflects the expected number of women screening with primary 

HPV-based test in each county from the start of the pilot HPV-based screening 

implementation in 2015 to the end of our analytical period in 2029. We stratified women 

according to their type of primary screening (i.e. primary cytology-based screening or primary 

HPV-based screening) in line with the expected starting year of the primary HPV-

implementation and anticipated scale-up of HPV-capacity. We also stratified by age-groups of 

women aged 34 years and women aged 35-69 years in order to capture the guidelines for the 

perpetual switch of women at age 34 years. Finally, our Multi-Cohort model, which reflects 

multiple rounds of primary HPV-based screening scaled to the Norwegian population level, 

was developed by applying outputs from the Markov Cohort Model linked with age- and 

county-specific details informed by the Demographic Model.  

 

2.3 Model validation  

We validated the performance by examining the plausibility of parameter sensitivity by vary 

probabilistically selected key parameters in line with the ISPOR – SMDM Task Force 

published guidelines for good modelling practice (Eddy et. al., 2012). Face validity i.e., that 

the model components and outcomes seems reasonable given current knowledge, were 

assessed in accordance with Norwegian experts on cervical cancer screening and disease. 

Further, we excessively verified the model through detailed inspection of model inputs and 

calculations, as well as software debugging to ensure interval validation.  
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2.3 Baseline Model Parameterization  

Parameterization of the population-based cohort-screening model involved selecting model 

input parameters of epidemiological, demographical and economic data to inform the initial 

model. Model parameterization of epidemiological data required combining analysis of 

primary data from the CRN and published literature when empirical data were unavailable. 

Projections of demographic data involved combining county-specific population data for the 

age groups and associated primary screening attendance reported by the CRN. 

 

2.3.1 Epidemiological data 

Compliance to a primary screening test varied by Norwegian county and was informed by 

estimates from the CRN (Cancer Registry of Norway, 2020). For women attending screening 

Round 1, we derived annual from primary data along with a recently published study from the 

CRN (Hashim et. al., 2020) and a seminal study by Schiffman and colleagues (Schiffman, 2007) 

(Table 1).  

 

For screening Round 2, no primary data were available; therefore, we estimated the expected 

changes in relative risks (RRs) of selected parameters between screening rounds using a 

multidisciplinary approach combining primary data analysis, demographic data, and 

randomized control (RCT) trial (Appendix Section 2 Table 1). Specifically, we applied RRs 

on parameters of immediate referral for colposcopy and triage screening, and following 

detections of CIN2+ lesion obtained from the Canadian HPV FOCAL randomized control trial 

(Ogilvie et. al., 2018) as these real-world data were based on similar screening age-structure as 

in the NCCSP. We applied the same RRs for both age-groups, assuming there was no age-

specific difference in risks. In addition, we accounted for structural changes (women entering 

and exiting) among the 35-69 year-olds by applying RRs on screening attendance and number 

of positive tests for these older women in Round 2 (Appendix Section 2 Table 1).  
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For our primary data analysis, we included women aged 34 – 69 years in four Norwegian 

counties (Rogaland, Hordaland, Sør-Trøndelag and Nord-Trøndelag) screened with primary 

HPV test from July 1st 2018 to capture outcomes among women screening under the recent 

changes to the primary HPV triage algorithm (Appendix Section 2 Figure 1). Primary data 

analysis were conducted separately for women aged 34-39 years and women aged 34-69 

years, accounting for age-specific variations in HPV-positivity-rate. We excluded women 

with a screening result before July 1st 2018 and women that were cytology-screened after July 

1st 2018. Additionally, exclusions were applied to women with insufficient test, missing HPV-

genotyping, or no confirming cytology reflex test as well as women with only morphology-

confirmation at primary screening (as for one case). Finally, among women with “complete” 

primary HPV screening we excluded women that were HPV-negative in order to inform 

HPV-positive analysis (Appendix Section 2 Figure 1).  
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We followed cohorts of primary HPV-positive women, starting at the date of the primary 

HPV-screen and continued until the highest histologically confirmation was reported. We 

joined cytology results of ASC-US and LSIL into one low-grade category, and ASC-H, HSIL, 

AGUS, ACIS, Ca into one high-grade category. Any results of low- or high-grade cytology 

categories were considered abnormal.  

 

Morphological characteristics were allocated into categories of low-grade precancerous 

lesions of cervical intraepithelial neoplasia less than grade 2 (<CIN2+) and high-grade 

precancerous lesions of CIN2 or more severe (CIN2+). Two mutually exclusive groups were 

defined based on highest morphology reported: 1) “CIN2+”, which included any cancer type, 

CIN3, CIN2, and unspecified dysplasia; and 2) “<CIN2+”, which included irregular 

cylindrical epithelium and any type of normal test characteristics. We assumed distribution of 

both CIN2+ cases and <CIN2+ cases in triage-screeners at 12 and 24 months were 

proportionally equivalent as distribution in immediate colposcopy. Accounting for the natural 

history, we allowed for regression or progression of women detected with CIN1 within 12 

months follow-up time.  

 

For Round 1 follow-up procedures, we specified compliance-windows based on primary data 

analysis combined with the CRN protocols for delayed testing. We determined compliance-

windows in order to identify compliers and non-compliers among screeners with complete 

observation period. We used a maximum-acceptable window of 12 months in complying with 

immediate colposcopy, colposcopy if HPV-positive triage test at 12 months, and re-

colposcopy if CIN grade 1 (CIN1) was detected in the previous year. For compliance to a 12-

months triage test, our window-criteria was set to 15 months. Exclusions were applied to 

women in need of follow-up procedures with insufficient observation time due to late testing 

at the end of the enrollment period. For triage testing at 24 months, no primary data were 

available; therefore, we assumed the 12-month compliance probability of attending triage 

testing and colposcopy to inform screening compliance among HPV-positive triage screeners 

at 24 months. All statistical analysis were performed in R Statistical Software version 3.4.4 

and RStudio version 3.4.4.  
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2.3.2 Demographic data  

To calculate the number of women eligible for a baseline (at least one) primary HPV-based 

screening test in each year, we linked county- and age-specific population demographic data 

from Statistics Norway (Statistics Norway, 2020) with projections of county-level HPV 

laboratory capacity. These expected capacity-levels in each county were informed by the 

CRN (Appendix Section 2 Table 3), and adapted to reflect 3-yearly fluctuations in 

availability for women to be at least once primary HPV-screened. To inform primary 

screening attendance we used the 2018 screening coverage by county reported in the CRN 

latest annual report (Cancer Registry of Norway, 2020). Over the projection-period, we 

accounted for a yearly population growth among the 34 years-old, while assuming a stable 

population among the 35-69 years-old using 2018-population-cohort data (Statistics Norway, 

2020). Details of the number of eligible women for a primary HPV-based screening test in 

each county are included in the Supplementary Appendix Section 4 Figure 2 and 3.  

 

We expected that during the gradual scale-up, before 100% HPV-laboratory capacity is 

reached, a proportion of women in all age-groups (i.e. ages 34 years and 35-69 years) would 

still be screened with primary cytology-test due to capacity constraints, although these women 

were eligible for a primary HPV-screen after finishing 3-yearly cytology-based screening 

intervals. Further, these number of women cytology-screened will decrease as HPV-capacity 

is scaled-up, and eventually, all women aged 35-69 years would be screened with baseline (at 

least one) primary HPV-based test in the associated year they finish 3-yearly cytology-

screening interval. Following the gradual national implementation, we estimated that all 

women would have the opportunity to be screened with a baseline primary HPV-based 

screening by 2025 in all of Norway. As for ongoing women aged 34 years, we assumed all 

would be eligible primary HPV screeners after full capacity is reached.  

 

For example, in Oslo women are expected to start screening with primary HPV-based at 

screening in 2021 over a 2-year capacity scale-up. Although full capacity (100% switch) is 

expected reached by 2023, it will take consecutively 2 years before all of Oslo would have the 

opportunity to have at least one primary HPV-based screen due to those cytology-screened 

women during capacity scale-up.  
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2.3.3 Economic data 

Monetary costs of primary HPV-based screening were estimated using a combination of 

Norwegian fee schedules and a previous Norwegian cost study of the cervical cancer 

screening program (Pedersen et. al., 2015). We updated all economic model inputs to reflect 

2019 estimates following changes in the reimbursement system and related fees (see 

Appendix Section 3 Table 4). All costs were measured in 2019 Norwegian Kroner (NOK) 

and converted to US dollars using the average annual 2019 exchange rate (US $1 = NOK 

8.80) (Federal Reserve, 2019). Direct medical costs for screening, follow-up procedures, and 

treatment of precancerous lesions (CIN2/3) and cancer were based on Norwegian Diagnosis 

Related Groups (DRGs) (Norwegian Directorate of Health, 2019) and the Fee Schedules for 

General Practitioners and Specialists (Norwegian Medical Association, 2019).  

 

Indirect costs were valued to account for production loss in terms of work absenteeism and 

travel time and transportation cost associated screening consultations and treatment. In order 

to estimate travel time including waiting, receiving care and transport we applied the 2019 

average monthly income among Norwegian women obtained from Statistics Norway attached 

40%, accounting for social benefits paid by employers (Statistics Norway, 2020). 

Transportation costs associated with screening procedures and precancer and cancer treatment 

were based obtained from a previous study (Pedersen et. al., 2015). Productivity costs in 

terms of sick leave after precancer and cancer treatment were not included.  

 

2.4 Ethics approval 

Access and use of the primary data were approved by the Data Protection Officer at the 

University of Oslo (project number 588428) in accordance with the General Data Protection 

Regulations (GDPR). The study has used data from the CRN. The interpretation and reporting 

of these data are the sole responsibility of the authors, and no endorsement by the CRN is 

intended nor should be inferred.  
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3 RESULTS 

 

3.1 Non-monetary resource use and CIN2/3 detection  

Following the gradual transition from primary cytology-based screening to primary HPV-

based screening in 2020-2029, we projected a steady increase in the number of HPV-positive 

tests, colposcopy procedures and detected cases of CIN2/3 among the 34 year-olds over time 

as the capacity for primary HPV screening increased and the number of 34 year-olds 

increased (Figure 2; left panels). As Norway is expected to reach full capacity of primary 

HPV-testing in 2025, the number of CIN2/3 detected within HPV-based screening program 

could continue to increase from 559 (CB: 380 - 786) to 771 (CB: 507 – 1 112) (38%) by 

2029.  

In contrast, for women aged 35-69 years, the numbers of positive tests, colposcopy 

procedures and CIN2/3 detection were predicted to fluctuate over time. For example, the 

number of HPV-positive tests with an initial peak in 2023 at 27 051 (CB: 25 492 – 58 518) 

followed by a second peak in 2028 at 26 273 (CB: 24 870 – 27 595) (Figure 2; middle 

panels). When simulating cohorts of women, we found decreases in cohort volumes of HPV-

positivity rate, colposcopy procedures and CIN2/3 detection for Round 1 compared with 

Round 2 of screening (Appendix Section 2 Table 2); however, after adjusting for population-

demographics we would expect absolute increases as the Norwegian female population size 

increases over time. 

 

Across all ages of women screening with primary HPV-based testing, the total number of 

positive tests, colposcopy procedures and detected cases of  CIN2/3, were primarily driven by 

the women aged 35-69 years (Figure 2; right panels). Over the 10-year period, we predicted 

two “peaks” in magnitude of total number of positive tests, colposcopy procedures, and 

detection of CIN2/3 cases among women screened with primary HPV-testing.  
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For example, we estimated total number of positive tests of 30 734 (CB: 29 060 – 32 885) in 

2023 and 33 195 (CB: 31 628 – 25 820)in 2028. Similarly, we projected the number of 

colposcopy procedures among women screened with primary HPV-based screening (Figure 

2f) to be highest in years 2023 and 2028, with 9 209 (CB: 8 129 – 10 313) and 9 818 (CB:     

8 616 – 11 100) number of total colposcopies, respectively. For precancerous lesions in 

women aged 34-69 years (Figure 2i), we projected highest CIN2/3-detection in the same years 

of 2023 and 2028; however, we expected a substantial decrease in CIN2/3 detections in 

subsequent years as a greater number of precancerous lesion were detected in Round 1 of 

screening. In 2023, we estimated a total CIN2/3 detection of 2 764 (CB: 2 265 – 3 347). In 

comparison, we estimated a total CIN2/3 detection of 1 877 (CB: 1 434 -2 430) in 2028, 

yielding reduction of CIN2/3 detection by 47.25% over a five-year period.  
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When we evaluated the expected number of colposcopy procedures per 1 000 women by age-

groups in the 2018-algorithm, we found younger women face a higher colposcopy rate 

compared to women aged 35-69 years (Figure 3). We also found that immediate colposcopies 

contributed to 31% of expected colposcopies in the first 5 years of women aged 34 years, 

triage testing at 12 months contributed to 29% of expected colposcopies, and triage testing at 

24 months contributed by 40% of expected colposcopies. We found similar patterns when we 

evaluated expected number of colposcopies among the 35-69 years-old; however, we 

expected a slightly decrease in contribution of immediate colposcopies compared to the 

younger group of women. For example, in the first five years, we identified contributions of 

immediate colposcopies by 28%, triage test at 12 months by 30%, and triage test at 24 months 

by 42% of expected colposcopies of women aged 35-69 years.  
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3.2 Monetary outcomes 

Our estimations of the monetary costs over time (i.e., direct and indirect costs associated with 

screening, follow-up procedures and treatment of precancerous lesion and cancer) followed 

similar trends as positivity-rate, colposcopy procedures, and CIN2/3 detection (Table 2). For 

example, we projected highest annual direct and total (direct and indirect costs) in the year 

2023 of $92 million (CB: $84 million - $92 million) and $147 million (CB: $147 million - 

$139 million), respectively. Following completion of the implementation process by 2025, we 

projected ongoing direct costs associated primary HPV-based testing to range between $39 

million and $67 million, while total direct and indirect costs could range from $60 million and 

$112 million (years 2026-2029). Over the 10-year period associated with the gradual 

implementation of women screened with primary HPV-based test, we projected cumulative 

direct costs of $537 million (CB: $484 million – $531 million) and cumulative total (direct 

and indirect) costs of $854 million (CB: $824 million – $931 million).  
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3.3 Scenario analysis 

In our scenario analysis, when we hypothetically assumed an immediate nation-wide 

transition to primary HPV based screening with 100% capacity in 2020, we found 

substantially higher peaks in the number of women in need of colposcopy and greater 

fluctuations in resource use over time. For example, we estimated expected total volume of 

colposcopies of  6 208 (CB: 5 587 – 6 867) in 2020, 7 807 (CB: 6 860 – 8 761) in 2021, and 8 

223 (CB: 7 212 – 9 251) in 2022. Moreover, predictions revealed greater fluctuations in 

colposcopy resource use in each year as all women are screened within the same 5-yearly 

screening interval in comparison to a gradual change; however, similar as in the gradual 

implementation of primary HPV-based screening, these fluctuations are expected to decrease 

in magnitude in each screening round.   
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4 DISCUSSION 

 

Our multi-cohort modelling analysis, were able to use primary data from the Cancer Registry 

of Norway to inform inform 10-years projections of the expected resource use and costs 

attributable to women screened with primary HPV-screening following the gradual 

implementation of primary HPV-based screening for women aged 34-69 years in Norway.  

 

Our findings indicated that over a 10 year-period (2020-2029), as all of Norway will gradually 

switch from 3-yearly primary cytology-based screening interval to a 5-yearly primary HPV-

based screening interval, fluctuations are expected in the number of screened women, positive 

tests and follow-up procedures in each year, yielding highest magnitude of volumes in 2023 

and 2028. However, compared with a hypothetical immediate scale-up, fluctuations in 

resource use were more stable. Model-based projections may be helpful to prepare resource 

planning such as healthcare workforce faced with restricted capacity and resource constraints. 

 

We expected a steady increase in number positive tests, colposcopy procedures and CIN2/3 

detection among ongoing screened 34 year-olds, primary driven by continual switch to 

primary HPV-testing and the projected population growth. While for women aged 35-69 

years, we expected a greater variability as well as fluctuations. During the gradual scale-up of 

screening HPV-capacity, volumes were expected to fluctuate as a consequence of mixed 

cohorts of women screened with 3-yearly cytology-based screening intervals became eligible 

for a primary HPV-based testing as well as continued 5-yearly primary HPV-based screening 

intervals. Over time, these fluctuations in resource use are expected to decrease consequently 

of complete gradual implementation to primary HPV-based screening (100% capacity) and 

first round of screening in Norway. Towards the end of our analytic period (2026-2029), we 

begin to reach a potential period of steady state. The first predictions of a steady-state period 

are still expected to fluctuate, primarily driven by the 5-yearly screening intervals, but of less 

variability in magnitude of volume than previous years due to the gradual implementation.  

 

We additionally found that while age-specific expected numbers of colposcopy-rate in the 

first five years were highest in younger women compared to women ages 35-69 years, 
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similarly among both age-groups, delayed triage testing at 24 months contributed the most to 

expected number of colposcopy procedures by ranging between 40-42%. Given that we found 

a higher number of positive tests requiring follow-up procedures for the 34 year-olds, 

compared to the women aged 35-69 years, we expected these younger women would also face 

a higher colposcopy-rate in the first five years imposing challenges on colposcopy capacity 

constraints. However, these findings in the new 2018-algorithm, compared to the pilot 

implementation algorithm, suggests a greater proportion of transient infections are allowed to 

regress spontaneously, modifying the potentially immediate increased pressure at 

gynecologist- and pathology capacity at a small cost of precancer detection loss (Hashim et. 

al., 2020). 

 

To our knowledge, this is the first analysis to investigate the short-term implications and to 

provide year-by-year estimates on expected resource use and costs of women screened with 

primary HPV-based test in the 2018-screening algorithm during the nation-wide scale-up. A 

recent published study that evaluated early findings of the major changes in the Australian 

National Cervical Cancer Screening Program (Machalek et. al., 2019) found considerably 

higher colposcopy referral-rates of primary HPV-based screening compared to primary 

cytology-based screening. However, these primary HPV-driven colposcopy-rates were 

expected to decrease in subsequent screening rounds, as consistent to our analysis.  

 

4.1 Limitations  

Our analysis has several limitations. First, in reflecting the 2018-screening algorithm, primary 

data for estimations of model input parameters were limited, particularly when we stratified 

outcomes by age or the availability of observations beyond two years. For example, we chose 

to use a 5-year age-grouping (i.e. ages 34-39 years) to inform parameters for the youngest 

group of women aged 34 years due to restricted primary data; therefore, our estimations of 

HPV-positivity-rate could potentially be lower compared to the 34 years-olds alone.   

 

We informed selected parameters for 5-yearly screening-intervals of Round 1 and 2, derived 

from previously studies based on the 2015 pilot screening algorithm that involved a shorter 

time between screening tests (Hashim et. al., 2020, Ogilvie et. al., 2018). We applied these 
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estimations for our model input parameters, facing the risk that detection of precancer and 

cancer could be higher due to a longer interval; however, these potential increases could 

partly be balanced as potentially more HPV-positive women would also be allowed to 

spontaneously regress in a longer interval.  

 

In sensitivity analysis, we tried to simulate the uncertainty restricted primary data estimations 

may have on HPV-positivity rate, colposcopy procedures and detected cases of CIN2/3. We 

found that estimations of detected CIN2/3 cases were most uncertain (widest CB) when 

compared to HPV positivity-rate and colposcopy procedures, which could primarily be due to 

the small number of women in the primary data contributing to inform CIN2/3 detection. In 

contrast, due to the greater number of women informing HPV-positivity rate in the primary 

data uncertainty surrounding number of positive tests were reduced (narrow CB). We 

assigned probabilistic distributions to selected parameters for screening Round 1 and used the 

same parameter inputs to inform uncertainty for subsequent screening rounds; however, we 

acknowledged that if we allowed for distribution on the RRs, we could more realistically 

capture uncertainties for Round 2. Furthermore, there is uncertainty in applying randomized 

trial data from settings other than Norway.  

 

We also applied a more strict screening adherence assumptions than is observed in practice 

and assumed primary screening coverage would remain constant during the 10-years 

projections (Pedersen et. al.,2017). Consequently, these assumptions of screening behavior 

may influence estimated fluctuations in resource use and costs. By assuming a strict 

adherence to 3- (pre HPV implementation) or 5-year intervals (post HPV implementation), 

when in practice there is more variability in screening not reflected in our model, could 

potentially lead to a “smoothing” of fluctuations (“peaks”) over time. In a Norwegian 

longitudinal cervical screening study using population-based registry-data, Pedersen and 

colleagues (Pedersen et. al., 2017) found that only 46% of eligible women were consistently 

screened at least once every 3.5 years with a majority of over-screeners. Further, since we did 

not allow for non-compliant women in any step of the screening process: primary, triage, 

colposcopy and treatment to re-enter into our model, we were not able to inform these 

potentially increases associated primary HPV-based screening, as we would might expect 

some women to return for delayed primary HPV-screening or follow-up procedures.  
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Finally, our expected resource use and economic impacts over a 10-year period are estimated 

among women aged 34-69 years with primary HPV-based test, and we do not consider overall 

resource use and economic impact of the proportion of women continuing to screening with 

cytology during the programmatic scale-up. Our analysis are based on anticipated starting 

year and scale-up of implementation of primary HPV-based screening by county, but as 

models never are to replace real-world observations, our model can be revised. Due to the 

restricted age-group included in our analysis, comparisons to data from the CRN were 

difficult. This would require more comprehensive data analysis and extended modelling 

structures, which was not feasible within the given time-frame.  

 

In accordance with previous studies (Ronco et. al., 2014; Ogilvie et. al., 2018), a smaller 

number of detected precancerous lesions among women with cytology-based screening 

compared to HPV-based test during the first round of screening could also be expected for our 

analysis. Consequently, due to potentially later detections, more precancer and severe stages 

of cervical cancer diagnosis could be expected in subsequent rounds of screening; however, 

these are currently unknown in the specific context of Norway. Nevertheless, more research is 

needed in evaluating the impact of switching from cytology-based screening program to 

primary HPV-based screening program on resource economic impact. One future prospect to 

consider is the explicit caption of a separate cytology strategy in order to compare potential 

expected increases associated these two strategies.  

 

 

4.2 Policy implications  

While our projections may indicate a potential period of steady-state in resource use towards 

the period 2026-2029, as vaccinated cohorts enter primary HPV-screening greater fluctuations 

are expected. As vaccinated cohorts will enter primary HPV-based screening (when aged 34 

years), these could contribute to counteract the expected increases in colposcopies and 

precancer treatment associated with primary HPV-screening as a result of population growth. 

We did not explicitly account for variability in resource use for a mixed population of 

unvaccinated and vaccinated screening population facing different risk-management, as this 

first vaccinated cohort in pre-adolescence will initiate primary HPV-screening in 2031. 

Moreover, a recently study evaluating several screening candidates among vaccinated women 
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against HPV-infections estimated that a less intensive cervical cancer (HPV-based) screening 

strategy, compared to those currently proposed for unvaccinated women, were required 

among women vaccinated in pre-adolescence in order for screening to remain cost-effective 

(Pedersen et. al., 2018). In turn, our projections may call for enhanced attention of cervical 

self-sampling, which early findings suggests could be a cost-effective intervention to improve 

participation (Burger et.al., 2017). Moreover, there may also be potential for targeted self-

sampling to help alleviate strains to healthcare service over time, by reducing resource future 

burden on gynecologist-services.  

 

Despite the many advantages of primary HPV-based screening such as high sensitivity, there 

is concern regarding the lower specificity of the HPV-test compared to cytology-based 

screening, which could potentially lead to unnecessary colposcopy referrals (Arbyn et. al., 

2012). Evaluations from our analysis of expected colposcopy procedures per 1 000 women in 

Round 1, demonstrated that the highest contributions would be of those “watchful waiters” 

(i.e. referrals after triage testing at 24 months), supporting the use of primary HPV-based 

testing under the new 2018-algorithm. Furthermore, continued monitoring of screening 

performance are important to reach the full potential of implementing primary HPV-based 

screening.  

 

 

5 CONCLUSION 

 

During the gradual implementation of primary HPV-based screening among women aged 34-

69 years in Norway. We project two “peaks” in 2023 and 2028 in magnitude of total number 

of positive tests, colposcopy procedures, and detection of CIN2/3 cases among women 

screened with primary HPV-testing. National fluctuations in volumes of tests and procedures 

within HPV-based screening program are expected during the first round of screening, 

requiring resource planning and effort in preparing healthcare workforce. At subsequent 

screening rounds, we expect these fluctuations to be of less variability. In preparing resource 

planning and healthcare workforce during a gradual HPV-capacity scale-up, model-based 

projections may help to inform implications for resource use and economic impact of the new 

triage algorithm in gradual implementation pilot of primary HPV screening.  
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7 APPENDIX 

 

7.1 Section 1: Decision-analytic modelling Theory 

In conceptualizing the decision problem as a first step in decision analysis, there exits 

multiple model types with different characteristics and properties, such as decision-tree 

models, state-transition models, and dynamic transmission and/or disease models (Drummond 

et. al., 2015). These models types differ involving trade-offs between simplicity and 

transparency, and in lack of current consensus on the generally preferred model, ultimately, 

the chosen model should reflect the decision problem at-hand.  

 

Briefly, decision tree-models involves mutually exclusive and collectively exhaustive 

pathways following an intervention, meaning that the individual can only follow one pathway 

and once entered a pathway they cannot move to different pathways. Due to the many 

limitations of a decision tree model, a state-transition model may be preferred if the decision 

problem is characterized by recurring events and explicit timing of events would be of 

importance. One type of state-transition models are Markov models, which explicitly follow 

cohorts across health states over time. One major drawback with these models is the lack of 

time dependency; therefore, use of tunnel states or microsimulation models may be necessary. 

In addition dynamic transition models would be preferred if the conceptualization of the 

decision problem requires interactions between individuals to occur, as for reflecting 

communicable diseases, particularly if the intervention, e.g. vaccine, is expected to influence 

the burden of the communication disease/infection between individuals. 
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7.2 Section 2: Baseline Model Parameterization 

 

Appendix Table 1. Input parameters for screening Round 2. Values are reported as 

numbers (percentages) unless otherwise stated 

 

 

 

 

 

 

Appendix Figure 1. Flow diagram of inclusion and exclusion criteria of participants screened 

with primary HPV or cytology in the pilot implementation program in four Norwegian 

counties in the Norwegian Cervical Cancer Screening Program, 2015 to 2019. We constructed 

two sub-samples: 1) the "Primary Data Analysis Ages 34-39”, which included women aged 

34-39 with a registered screening test result between 2018 and 2019, and 2) the "Primary Data 

Analysis Age 34-69”, which included women aged 34-69 with a registered screening test 

results between 2018 and 2019. The exclusion criteria's applied (see Appendix Figure 1) are 

assumed similar among the sub-samples (see next page for Figure 1). 
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Appendix Table 2. Selected model outcomes per 1 000 women, aged 34-69 years. We 

reported HPV positivity-rate as cases of high-riskHPV-positive tests of HPV16, HPV18, and 

otherHPV (not 16/18). All costs were expressed in 2019 USD ($1 = NOK 8.80). Direct costs 

were associated screening, follow-up procedures and precancer and cancer treatment. Total 

costs included direct and indirect costs (time and transportation costs). Acronymns: HPV: 

human papillomavirus. CIN2/3 detection: cervical intraepithelial neoplasia grade 2 or grade 3 

(Table 3 continued on next page).  

 

 

Variable 

Cycle Base-Case Lower Bound Upper Bound

0 73.898 70.231 77.390

1 7.499 5.969 8.882

2 1.434 1.354 1.514

3 0.000 0.000 0.000

4 0.000 0.000 0.000

5 67.583 64.487 70.513

6 7.308 5.955 8.544

7 10.251 9.682 10.819

8 0.939 0.738 1.118

9 0.179 0.166 0.193

HPV positivity-rate
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Variable 

Cycle Base-Case Lower Bound Upper Bound 

0 19.9793 18.1435 21.9289

1 4.9532 4.0571 5.722

2 1.2866 1.113 1.4793

3 0.122 0.0947 0.1526

4 0 0 0

5 16.4448 14.9644 17.9965

6 6.0813 5.1521 6.9493

7 3.3949 3.1747 3.6261

8 0.9113 0.7666 1.0517

9 0.1607 0.1378 0.1863

Colposcopy procedures

Variable 

Cycle Base-Case Lower Bound Upper Bound

0 10.344 8.970 11.838

1 0.865 0.597 1.180

2 0.168 0.086 0.294

3 0.026 0.008 0.052

4 0.000 0.000 0.000

5 2.554 2.219 2.914

6 1.113 0.708 1.675

7 0.498 0.403 0.629

8 0.170 0.101 0.268

9 0.021 0.011 0.037

Detected cases of CIN2/3

Variable 

Cycle Base-Case Lower Bound Upper Bound

0 317 797 289 014 350 663

1 13 605 9 875 18 449

2 7 101 3 857 11 497

3 371 133 687

4 0 0 0

5 201 730 194 630 209 815

6 17 530 11 761 24 857

7 10 780 9 023 12 771

8 2 591 1 612 3 851

9 502 357 710

Direct costs ($)

Variable 

Cycle Base-Case Lower Bound Upper Bound

0 495 554 454 025 538 741

1 17 760 12 617 24 658

2 9 594 5 517 15 722

3 469 180 902

4 0 0 0

5 339 670 329 516 350 513

6 22 936 15 736 32 678

7 15 280 13 088 18 258

8 3 346 2 135 5 074

9 712 533 1 006

Total costs ($)
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Appendix Table 3. Estimated starting date and planned gradual implementation 

following the CRN and expected capacity scale-up in each county in Norway 

 

 

 

7.3 Section 3: Cost assumptions 

 

Appendix Table 4. Selected economic model inputs  
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7.4 Section 4: Additional results 

 

Appendix Figure 2. County-specific gradual implementation of primary screening HPV 

based testing among women aged 34-69 years in Norway by year, 2020-2029. Values are 

reported in absolute numbers and scaled to the Norwegian county-level population. We 

combined two age-groups: 1) "Ages 34", which included new 34 years-old entering the 

screening program invited for a primary screening HPV based test; and 2) "Ages 35-69",  

which included women invited for a primary screening HPV based test in the associated year 

they are eligible to switch from cytology-screening as capacity are scaled-up. Acronymns: 

HPV: human papillomavirus 

 

 

 

 

 

 

 

 



36 
 

 

Appendix Figure 3. Cumulative number of county-specific gradual implementation of 

primary screening HPV based testing among women aged 34-69 years in Norway by year, 

2020-2029. Values are reported in absolute numbers and scaled to the Norwegian county-

level population. We combined two age-groups: 1) "Age 34", which included new 34 years-

old entering the screening program invited for a primary screening HPV based test; and 2) 

"Ages 35-69",  which included women invited for a primary screening HPV based test in the 

associated year they are eligible to switch from cytology-screening as capacity are scaled-up. 

Acronymns: HPV: human papillomavirus 
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