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Article 
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Simple Summary 

About one in three women in Germany who could be screened for cervical cancer are not being 
regularly tested. HPV self-sampling allows women to collect a sample at home and send it to a lab. 
This could increase participation in screening. Our simulation results show that offering HPV self-
sampling to women who do not attend regular screening, by mailing them a test kit every five years 
starting at age 35, is an effective and cost-effective approach to reach women. The results may help 
shape policy and guidelines for HPV self-sampling in Germany. 

Abstract 

Background/Objectives: In Germany, one third of screening-eligible women remain un- or under-
screened. We evaluated the long-term benefits, risks, and cost-effectiveness of human 
papillomavirus self-sampling (HPV-SS) strategies for non-attendees. Methods: Using a validated 
Markov-state-transition model, we evaluated HPV-SS for non-attendees every five years at ages 25-
65, 30-65 or 35-65, with ordering an HPV-SS test (opt-in), or the test sent with the invitation letter 
(send-to-all). German clinical, epidemiological, and economic data along with international test-
accuracy and HPV-SS-attendance data were used. Outcomes included life-years gained (LYG), the 
incremental harm-benefit ratio (IHBR), and cost-effectiveness ratio (ICER), compared to the next 
non-dominated strategy. We adopted the German statutory health insurance perspective with 3% 
annual discount rate for health effects and costs. Comprehensive sensitivity analyses were 
performed. Results: Incremental undiscounted effectiveness per 1,000 women compared to 
standard screening without HPV-SS ranged from 0.90 LYG for 5-yearly HPV-SS (opt-in) at age 35-
65 to 1.67 LYG for HPV-SS (send-to-all) at age 25-65. Discounted ICERs compared to next effective 
non-dominated strategies were 22,700 EUR/LYG for 5-yearly HPV-SS (opt-in) at age 35-65, and for 
HPV-SS (send-to-all) 25,900 EUR/LYG at age 35-65, 726,000 EUR/LYG at age 30-65, and 1.78 million 
EUR/LYG at age 25-65. IHBRs for these strategies were 31, 32, 769, and 1,774 additional positive 
screening tests per LYG, respectively. Results were robust over a wide range of variations in 
parameters. Conclusions: Offering HPV-SS (send-to-all) to non-attendees every five years at age 35-
65may have a good benefit-harm balance and be cost-effective. Our results may inform decision 
makers and clinical guideline developers in Germany. 
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1. Introduction 

Despite the availability of an organized cervical cancer screening program, approximately 4,300 
women are newly diagnosed with cervical cancer each year in Germany [1]. The age-standardized 
annual incidence rate is about 8.6 per 100,000 individuals. In 2019, 1,597 women died from cervical 
cancer, corresponding to an age-standardized mortality rate of 2.5 per 100,000 individuals [1]. 

Cervical cancer is largely preventable through regular screening. Since the 1970s, the 
implementation of screening programs in high-income countries has led to a substantial decline in 
both incidence and mortality [2]. In Germany, an opportunistic screening program has been in place 
since 1971, with a steady annual participation rate of about 50% [3]. As of 2020, the program was 
reorganized as part of the national cancer screening initiative. In the new organized cervical cancer 
screening program, women aged 20–34 are eligible for annual cytology (Pap smear), while women 
aged 35 and older receive human papillomavirus (HPV)-Pap co-testing every three years [4]. This is 
complemented by HPV vaccination, which has been recommended for girls since 2007 and for both 
boys and girls starting at age 9 since 2018 [3,5]. 

Nevertheless, a significant portion of the target population eligible for screening does not 
participate regularly [6]. HPV self-sampling (HPV-SS) has emerged as a promising strategy to 
increase screening participation. Studies suggest that mailing self-sampling kits can boost 
participation by up to 15% and provide diagnostic accuracy comparable to clinician-collected 
samples [7,8]. 

Therefore, we systematically evaluated the long-term effectiveness and cost-effectiveness of 
various HPV-SS strategies targeting non-attenders within Germany’s organized cervical cancer 
screening program. 

2. Materials and Methods 

2.1. Study Type and Framework 

We used a previously published Markov state-transition model validated for the German 
context [3,9,10] to perform a decision-analytic incremental benefit-harm and cost-effectiveness 
analysis [11] of offering HPV-SS to women not attending the organized cervical cancer screening 
program in Germany. The analyses were based on deterministic cohort simulations performed from 
the perspective of the German statutory health insurance system in the health-economic evaluation 
and from the perspective of the individual woman in the benefit-harm analysis. Evaluated outcomes 
included prevented cervical cancer cases, prevented deaths, life-years gained [LYG], total number of 
positive screening findings, colposcopies and conizations, total lifetime costs (in Euros), the 
incremental harm-benefit ratios (IHBR) and the incremental cost-effectiveness ratios (ICER; in 
Euros/LYG), compared to the next non-dominated strategy. In the cost-effectiveness analyses, all 
costs and effects were discounted by three percent per year [12]. 

2.2. Screening Strategies 

The evidence-based decision model was used to compare different screening strategies offering 
HPV-SS for non-attendees in the established organized cervical cancer screening program. These 
strategies (Table 1) differ in terms of their mode (opt-in or send-to-all) and the age at which screening 
using self-sampling begins (from 35, 30 or 25 years up to the age of 65 in each case). In the opt-in 
strategies, women are given the opportunity to order an HPV-SS test kit at home at the time they 
receive the information and invitation letter for organized screening sent out regularly every 5 years. 
In contrast, in the send-to-all strategies, the HPV-SS test kit is directly sent together with the 
information and invitation letter for organized screening. 
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The reference strategy is the current organized screening program in Germany with an annual 
Pap test for women aged 20 to 34 and triennial HPV- Pap co-testing for women aged 35 and older 
with no upper age limit for screening to end. In the reference strategy no additional HPV-SS strategy 
for non-attendees is offered. 

Table 1. Screening strategies considered in the analyses. 

No. Strategy (primary screening test, age, interval) 
1. No screening 

2. Reference: Annual Pap cytology at age 20-34 years; Triennial HPV-Pap co-testing age 35 
and older, no HPV-SS in non-attendees  

3. HPV-SS (opt-in) in non-attendees, at age 35, 40, 45, 50, 55, 60 and 65 years 
4. HPV-SS (opt-in) in non-attendees, at age 30, 35, 40, 45, 50, 55, 60 and 65 years 
5. HPV-SS (opt-in) in non-attendees, at age 25, 30, 35, 40, 45, 50, 55, 60 and 65 years 
6. HPV-SS (sent-to-all) in non-attendees, at age 35, 40, 45, 50, 55, 60 and 65 years 
7. HPV-SS (sent-to-all) in non-attendees, at age 30, 35, 40, 45, 50, 55, 60 and 65 years 
8. HPV-SS (sent-to-all) in non-attendees, at age 25, 30, 35, 40, 45, 50, 55, 60 and 65 years 

HPV: human papillomavirus, HPV-SS: HPV self-sampling. 

2.3. Model Design, Structure, and Data 

A previously published Markov state-transition model [3,9,10] simulating cervical cancer onset 
and progression, detection, and management for women not vaccinated against HPV16/18 in the 
Germany context was updated. The model structure and parameters were updated and adapted to 
the context of the current new standard of organized screening with annual cytology age 20 to 34 and 
triennial HPV-Pap co-testing from age 35 onwards, the current clinical practice algorithms for follow-
up of positive test results, and the implementation of different self-sampling strategies for women 
not attending the organized screening program [2] (see Supplementary Material Figure S1). The 
design of the model follows the international ISPOR-SMDM Modeling Good Research Practices Task 
Force standards of decision-analytic modelling, and international key principles for health 
technology assessment (HTA) [13–20] as well as national and international health-economic 
evaluation and reporting guidelines [12,21]. Reporting of the model and reporting of analyses results 
were conducted in accordance with the Consolidated Health Economic Evaluation Reporting 
Standards 2022 (CHEERS 2022) statement [22]. The model was developed to be applied in the context 
of HTA and comparative effectiveness research. The model structure, parameters, calibration, and 
validation process are described in detail elsewhere [3,9,10]. 

In brief, a hypothetical cohort of women not vaccinated against oncogenic HPV types from the 
general population moves through different health states (Markov states) over time in annual cycles. 
Health states include a “No lesion/no HPV infection” state, a “No Lesion/HPV infection” state and 
different stages of undetected and screen-detected preinvasive cervical lesions (cervical intra-
neoplasia [CIN]), different stages of undetected or screen- and symptom-detected invasive cancer 
stages I-IV following the classification of the Fédération Internationale de Gynécologie et 
d’Obstétrique (FIGO) system, as well as death from cancer or from other causes. A graphical 
illustration of the model including health states as well as important model input parameters have 
been published previously [23]. Annual transition probabilities of disease onset and progression were 
calibrated to German epidemiological data of an unscreened population [9]. 

Information on the clinical algorithms after a positive test result and further follow-up 
procedures was derived from current German guidelines on the diagnosis and treatment of 
preinvasive and invasive cervical carcinomas and the recommendation for the organized cancer 
screening programs in Germany [2–4] (Supplementary Material Figure S1). 

German age- and gender-specific all-cause mortality rates were derived from German life tables 
for the female population [24]. In the model, age-specific mortality due to causes other than cervical 
cancer was used by subtracting age-specific cervical cancer mortality from all-cause mortality. Stage-
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specific cervical cancer relative survival rates were retrieved from German cancer registries and used 
to model disease-specific mortality [1,5]. 

Screening test accuracy data were derived from published international meta-analyses (Table 2) 
[7,25–29]. Relative test accuracy data for HPV testing in a self-swab sample compared to a swab taken 
by medical staff were based on a published meta-analysis (Table 3) [7]. 

Table 2. Sensitivity and specificity of different screening tests (sample taken by medical staff). 

Screening test Threshold Sensitivity (%) 95% CI (%) Specificity (%) 95% CI (%) Source 

Pap Cytology 
(ASCUS+)/CIN1+ 47.1 44.8-49.4 94.1 93.4-94.8 Nanda et al. 2000, 

Mayrand et al. 2007 
[25,26] 

(ASCUS+)/CIN2+ 55.4 33.6-77.2     
(ASCUS+)/CIN3+ 55.4 33.6-77.2     

HPV 

(1 pg/ml)/CIN1 + 80.6 76.3-84.3 91.4 89.8-92.9 Arbyn et al. 2012, 
Cuzick et al. 2006. 
Koliopoulos et al. 

2017 [27–29] 

(1 pg/ml)/CIN2 + 96.3 94.5-98.1     

(1 pg/ml)/CIN3 + 98.0 97.0-99.0     

HPV + Pap 

(1 pg/ml)/ASCUS+)/CIN1+ 81.5 76.8-84.8 88.8 85.5-92.1 Arbyn et al. 2012, 
Cuzick et al. 2006. 
Koliopoulos et al. 

2017 [27–29] 

(1 pg/ml)/ASCUS+)/CIN2+ 99.8 99.0-100     

(1 pg/ml)/ASCUS+)/CIN3+ 99.8 99.0-100     

ASCUS: Atypical Squamous Cells of Undetermined Significance, CI: confidence interval, CIN: 
Cervical Intraepithelial Neoplasia, HPV: Human Papillomavirus, Pap: cytology according to 
Papanicolaou. 

Table 3. Relative Sensitivity and specificity of HPV testing in self-samples compared to sample taken by medical 
staff. 

Screening test Threshold Relative Sensitivity (95% CI) Relative Specificity (95% CI) Source 

HPV-SA 
(ASCUS+)/CIN1 + 0.85 (0.80 – 0.89) 0.96 (0.93 – 0.98) 

Arbyn et al. 2018 [7] 

(ASCUS+)/CIN2 + 0.85 (0.80 – 0.89)   
(ASCUS+)/CIN3 + 0.86 (0.76 – 0.98)   

HPV-PCR 
(1 pg/ml)/CIN1 + 0.99 (0.97 – 1.00) 0.98 (0.97 – 0.99) 
(1 pg/ml)/CIN2 + 0.99 (0.97 – 1.00)   
(1 pg/ml)/CIN3 + 0.99 (0.96 – 1.00)   

CI: Confidence interval, HPV: Human papillomavirus, SA: Signal amplification, PCR: Polymerase 
chain reaction. 

For colposcopy, 96% sensitivity and 48% specificity were assumed based on published literature 
[30]. A biopsy is only performed in the model if the colposcopy is positive. For simplicity, it was 
assumed that a colposcopy-assisted biopsy always correctly identifies the underlying disease. 
Compliance with follow-up measures in cases of abnormal screening results, diagnoses, and 
treatments was modelled to be complete in the base-case analysis. 

For the participation rate, in the established organized screening program, national, age-specific, 
aggregated data on the uptake of screening for cervical cancer were used (Table 4) [6]. Data on 
participation in HPV-SS were retrieved from a randomized controlled trial (RCT) in Norway [31]. In 
this trial, the participation in HPV-SS among non-attendees of the Norwegian national screening 
program was 12.2% (95% CI: 10.3; 14.2) using the opt-in mode and 22.9% (95% CI: 20.7; 25.2) using 
the send-to-all mode [31]. 

Direct medical outpatient and inpatient costs were derived from the perspective of the German 
statutory health insurance system (Table 5). Outpatient costs associated with screening including 
physician-based examination, cervical swab, management of abnormal screening results, diagnostic 
procedures such as colposcopy with biopsy, laboratory procedures, conization, and follow-up after 
treatment were based on the German reimbursement system for ambulatory fees using the 
Standardised Valuation Scale (Einheitlicher Bewertungsmaßstab [EBM]) and specified point values 
for the index year 2023 [32]. 
  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 December 2025 doi:10.20944/preprints202512.2062.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.2062.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 16 

 

Table 4. Age-specific participation rate in established cervical cancer screening in Germany. 

Age (years) Screening participation (%) Source 
20 - 29 0.79-0.81 

Kerek-Bodden et al. 2008 [6] 

30 - 39 0.80-0.78 
40 - 49 0.74-0.72 
50 - 59 0.69-0.66 
60 - 69 0.62-0.55 
70 - 79 0.43-0.32 

80 + 0.17 

The costs for the HPV-SS test kit include the costs for an Evalyn Brush test kit, a sample container 
for collection and the postage costs for dispatch, return and results dispatch and were taken from the 
Hanover Self-Sampling Study (HaSCo) [33]. 

Costs for inpatient treatment and care including treatment of detected invasive carcinoma by 
stage, pre-treatment tumour staging and other diagnostic procedures, laboratory and post-treatment 
follow-up were calculated based on the diagnosis-related groups (DRG). These cost data were 
obtained from published literature based on German data [34]. All costs were collected for or 
converted to the year 2023 using the Gross Domestic Product (GDP) Index [35]. 

Table 5 shows the aggregated costs (per unit) for screening, diagnostics, treatment and follow-
up procedures. 

Table 5. Aggregated costs of screening, staging, diagnostics, treatment and follow-up procedures (index year 
2023). 

Procedure Cost (2023 Euros) 
Clinician-based screening  

Pap Screening at ages 20 – 34 including examination and cytology (EBM 01761, 
EBM 01762) 34.02 

HPV-Pap co-testing at age 35 or older including examination, cytology, HPV test 
(EBM 01761, EBM 01762, EBM 1764) 53.33 

HPV self-sampling (HPV-SS) testinga 29.74 
Follow-up diagnostic proceduresb  

Pap Screening at ages 20 – 34 years: HPV-triage after abnormal finding including 
follow-up diagnostics, HPV, laboratory (EBM 1764, EBM 01767) 30.00 

HPV-Pap co-testing at age 35 or older including follow-up diagnostics, cytology, 
HPV, laboratory (EBM 1764, EBM 1766, EBM 01767) 

63.10 

HPV-SS positive: follow-up by a physician including follow-up diagnostics, 
cytology, laboratory (EBM 1764, EBM 1766) 43.79 

Colposcopy after abnormal findings including follow-up colposcopy, biopsy, 
histology (EBM 01765, EBM 01768) 112.16 

Treatment  
Conization (EBM 31301, 31821, 31695, 31502) and Follow-up at month 12 and 24 
(EBM 01764, 01766, 01767, 33044) with assumption of 8% reconization rate (EBM 

31303, 31823, 31697, 31505) 
468.53 

Therapy FIGO Ic 9,687.31 
Therapy FIGO IIc 14,620.44 
Therapy FIGO IIIc 15,799.27 
Therapy FIGO IVc 13,547.57 

Follow-up proceduresd after cancer therapy, year 1, 2 and 3 after therapye 646.80 
Follow-up proceduresd after cancer therapy, year 4 and 5 after therapyf 323.40 

Follow-up proceduresd after cancer therapy, year 6 after therapy 161.70 
Palliative careg 9,574.08 
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EBM: Einheitlicher Bewertungsmaßstab (Standardised Valuation Scale), FIGO: cervical cancer stage 
classification Fédération Internationale de Gynécologie et d’Obstétrique, HPV: Human 
Papillomavirus, Pap: Pap cytology test. a Costs for HPV self-sampling kit plus mailing costs including 
kit (re)mailing, laboratory (EBM 1764) and mailing results report. b based on recommendation for the 
organized cancer screening programs in Germany (Richtlinie für organisierte 
Krebsfrüherkennungsprogramme [oKFE-RL], Part III. C. §§ 6-8) [2]. c Inpatient costs from Armstrong 
et al. 2020 [34], inflated with Consumer Price Index (year 2023) [35]. d Reimbursement costs for 
cytology, HPV, laboratory, sonography (EBM 01764, 01765, 01766, 01767, 33044). e at month 3, 6, 9, 
and 12. f at month 6 and 12. g at month 12. 

2.4. Model Analyses 

Our analyses were based on deterministic cohort simulations. For each of the alternative 
screening strategies, we calculated the total remaining life expectancy in life years (LY), total lifetime 
costs (in Euros) and the discounted ICER in Euros per life-years gained (Euros/LYG) over a woman’s 
lifetime. The ICER is calculated as the ratio of the discounted incremental total costs to the discounted 
incremental total health effects between two alternatives. Strategies yielding lower health benefits at 
higher costs are dominated and were excluded before ICER calculation. Furthermore, extended 
dominance is applied to exclude strategies whose costs and benefits are dominated by a linear 
combination of two other alternatives. A dominant strategy, in contrast, yields greater health benefits 
at lower cost than all comparators [36,37]. The incremental stepwise cost-effectiveness approach is 
illustrated using efficiency frontiers, plotting discounted total costs against discounted life-years 
gained versus no screening. Strategies on the efficiency frontier yield higher benefits per unit cost 
than those below the frontier. 

In Germany, no external, cross-indication willingness-to-pay (WTP) threshold has been 
established as a criterion for cost-effectiveness [12]. Gandjour et al. estimated a WTP- threshold of 
about 90,000 Euros per life-year gained for innovative, life-prolonging health technologies in 
Germany [38]. In our analysis, we adopt this threshold as the upper limit for determining cost-
effectiveness [38]. 

We conducted one-way and multi-way sensitivity analyses to assess the robustness of our results 
and to identify influential parameters. Specifically, we varied the participation rate in HPV-SS based 
screening, test accuracy (relative sensitivity and specificity of HPV-SS) including different test 
approaches such as signal amplification (SA) or poly- chain reaction (PCR), compliance following a 
positive HPV-SS result based on the 95% confidence intervals. As HPV-SS is currently not reimbursed 
by health insurance in Germany, we varied the HPV-SS costs over a wide range (10 to 100 Euros) 
using a multiplicative factor. 

In multi-way sensitivity analyses, participation rates for both HPV-SS modes (opt-in and opt-
out) were simultaneously varied in the same direction. 

The decision-analytic model was programmed, calibrated, and analysed using TreeAge Pro 
Healthcare software (version 2021, R2.0; TreeAge Software, LLC) [39]. Microsoft Excel (Microsoft 
Corporation, Microsoft 365 MSO, 2021) was used for parameter calculation and data transformation. 

3. Results 

3.1. Base-Case Analyses 

3.1.1. Cancer Risk Reduction 

Compared to established current standard screening, additionally offering HPV-SS to non-
attendees every five years yields a relative risk reduction for developing cervical cancer of 4.1% (HPV-
SS, opt-in, age 25-65) to 7.6% (HPV-SS, send-to-all, age 25-65), respectively. The corresponding 
relative risk reduction for cancer deaths is 4.9% (HPV-SS, opt-in, age 25-65) to 9.1% (HPV-SS, send-
to-all, age 25-65), respectively (results not shown). 
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3.1.2. Benefit-Harm Balance 

In the benefit-harm analysis, the total incremental undiscounted benefits (in terms of life-years 
gained) were traded-off against the total incremental undiscounted harms (in terms of potential 
psychological and/or physical harms associated with positive screening findings or colposcopies) of 
the investigated screening strategies. Figure 1 shows the trade-offs between benefits in terms of life-
years gained and potential psychological and physical harms associated with positive findings. 

Compared to established current standard screening, additionally offering HPV-SS (opt-in) to 
non-attendees every five years from age 35 to age 65, results in an incremental harm-benefit ratio of 
31 additional positive screening tests per LYG. Offering to non-attendees HPV-SS in a send-to-all 
setting every five years between age 35 and 65 yields a higher benefit in terms of life-years gained 
and results in an IHBR of additional 32 positive screening results per additional LYG. If HPV-SS is 
offered earlier at age 30 or 25 years in the send-to-all setting, the incremental gains in life-years are 
small, resulting in increased IHBRs of 770 or 1,770 additional positive screening results per additional 
LYG (Figure 1). 

Figure 2 shows the trade-offs between benefits in terms of life-years gained and potential 
psychological and physical harms associated with colposcopy-guided biopsies. 

Compared to established current standard screening, additionally offering HPV-SS (opt-in) to 
non-attendees every five years between age 35 and 65, results in an IHBR of 13 additional 
colposcopies per LYG. Offering HPV-SS in a send-to-all setting to non-attendees every five years 
between age 35 and 65 yields a higher benefit in terms of life-years gained and results in an IHBR of 
13 additional colposcopies results per additional LYG. If HPV-SS is offered earlier at age 30 or 25 
years in the send-to-all setting, the incremental gains in life-years are small, resulting in increased 
IHBRs of 392 or 992 additional colposcopies per additional LYG (Figure 2). 

 

Figure 1. Results of the base-case analysis: incremental harm-benefit ratios (IHBR) of the different strategies 
expressed as additional positive screening results per life years gained. 
IHBR: incremental harm-benefit ratio, HPV: Human papillomavirus, y: years, LYG: life years gained, Pap: 
Papanicolaou cytologic examination, Ref: Reference strategy. 
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Figure 2. Results of the base-case analysis: incremental harm-benefit ratios (IHBR) of the different strategies 
expressed as additional positive screening results per life years gained. 
IHBR: incremental harm-benefit ratio, HPV: Human papillomavirus, y: years, LYG: life years gained, Pap: 
Papanicolaou cytologic examination, Ref: Reference strategy. 

3.1.3. Cost-Effectiveness 

In the cost-effectiveness analysis, the total incremental discounted costs were related to the total 
incremental discounted benefits of the investigated screening strategies (Table 6). Compared to 
current standard screening for cervical cancer, additionally offering HPV-SS (opt-in) to non-attendees 
every five years from the age of 35 to age 65 yields an ICER of 23,000 Euro/LYG. If HPV-SS every five 
years between age 35 and 65 is offered to non-attendees in a send-to-all compared to an opt-in setting, 
the ICER was 26,000 Euros/LYG. If HPV-SS in the send-to-all setting is offered earlier at age 30 or 25 
years, the ICERs increase to 726,000 Euros/LYG (compared to HPV-SS age 35-65) and 1,780,000 
Euros/LYG (compared to HPV-SS age 30-65) and cannot be considered cost-effective adopting a WTP-
threshold of 90,000 Euros/LYG (Figure 3). 

Table 6. Base-case analysis results: Discounted total lifetime costs (in Euros), life expectancy (in years), and the 
incremental cost-effectiveness ratio (ICER; in Euros per life-year gained [LYG]) for different screening strategies. 

Strategy 
(screening interval, age at start-end) 

Discounted 
costs 

Discounted 
incremental costs 

Discounted life 
expectancy 

Discounted incremental 
life expectancy  

Discounted 
ICER 

(2023 Euros) (2023 Euros) (LY) (LYG) 
(Euros/ 
LYG) 

Ref: screening, no HPV-SS 631.28  29.072744  --- 
HPV-SS (opt-in), 5yr, age 35-65 634.90 3.62 29.072904 0.000160 22,681 
HPV-SS (opt-in), 5yr, age 30-65 635.79 0.89 29.072906 0.000001 ext. dom. 
HPV-SS (opt-in), 5yr, age 25-65 636.79 1.00 29.072906 0.000001 ext. dom. 

HPV-SS (send-to-all), 5yr, age 35-65 638.43 3.53 29.073041 0.000136 25,918 
HPV-SS (send-to-all), 5yr, age 30-65 640.14 1.71 29.073043 0.000002 725,973 
HPV-SS (send-to-all), 5yr, age 25-65 642.07 1.93 29.073044 0.000001 1,778,352 

ext. dom.: dominated by extended dominance, HPV-SS: human papillomavirus self-sampling, ICER: 
incremental cost-effectiveness ratio, LY: life years, LYG: life-years gained, Ref.: reference strategy 
(annual Pap at ages 20-34, triennial HPV+Pap as of age 35; no HPV-SS for non-attendees), yr: years. 
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Figure 3. Base-case analyses results: Cost-effectiveness frontiers and incremental cost-effectiveness ratios 
(ICERs) expressed as Euros per life-year gained [LYG] of evaluated screening strategies. 
HPV-SS: human papillomavirus self-sampling, ICER: incremental cost-effectiveness ratio, LYG: life years 
gained, Ref.: reference strategy, y: years. 

3.2. Sensitivity Analyses 

To assess the robustness of the base case results, deterministic one-way and multi-way 
sensitivity analyses were conducted. Key model parameters were varied to identify influential 
factors, including HPV test accuracy (PCR vs. SA), participation rate in HPV-SS, HPV-SS test 
performance and cost, and compliance following a positive HPV test. The following subsections 
present the main findings from these analyses with a focus on their effects on the ICERs. 

The results were robust over a wide variation of relevant parameter values for HPV test 
accuracy, relative test performance of HPV-SS, using the HPV tests with signal amplification, and 
HPV-SS participation rate (results not shown). 

Sensitivity analyses examining the effect of varying the cost of the HPV-SS kit - including 
shipping and return - show that if the cost exceeds 90 Euros, the ICER for the send-to-all strategy (for 
non-participants aged 35 and older, every 5 years) exceeds 90,000 Euros per life year gained. This 
means the strategy would no longer be considered cost-effective under a WTP-threshold of 90,000 
Euros per life year gained. In contrast, the opt-in strategy remains cost-effective across the evaluated 
range for the costs of the HPV-SS kit (10-100 Euros) (results not shown). 

Sensitivity analysis on the effect of compliance after a positive HPV test within the HPV-SS 
strategies reveals that if compliance falls below 20%, the ICERs of all HPV-SS strategies exceed 90,000 
Euros per life year gained when compared to the next most effective non-dominated screening 
strategy. Under a WTP-threshold of 90,000 Euros per LYG, none of the HPV-SS strategies would be 
considered cost-effective in this scenario. Table 7 provides the results for compliance levels ranging 
from 10% to 100%. 
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Table 7. Sensitivity analysis results: Impact of variation of compliance after positive HPV test on the incremental 
cost-effectiveness ratio (in Euros per life-year gained [LYG]) for different HPV-Self Samling (HPV-SS) screening 
strategies. 

 ICER (EUR/LYG) 
 Compliance after a positive HPV test 

Strategy 100% 
(base case) 

70% 
 

50% 
 

30% 
 

10% 
 

Ref: screening, no HPV-SS --- --- --- --- --- 
HPV-SS (opt-in), 5yr, age 35-65 22,681 27,931 35,552 54,153 149,596 
HPV-SS (opt-in), 5yr, age 30-65 ext. dom. ext. dom. ext. dom. ext. dom. ext. dom. 
HPV-SS (opt-in), 5yr, age 25-65 ext. dom. ext. dom. ext. dom. ext. dom. ext. dom. 

HPV-SS (send-to-all), 5yr, age 35-65 25,918 32,087 41,018 62,773 174,232 
HPV-SS (send-to-all), 5yr, age 30-65 725,973 855,556 1,048,840 1,526,224 3,989,929 
HPV-SS (send-to-all), 5yr, age 25-65 1,778,352 2,080,591 2,532,575 3,650,790 9,428,232 

HPV: Human papillomavirus, HPV-SS: HPV self-sampling, ICER: incremental cost-effectiveness 
ratio, yr: years, Pap: cytology, Ref: reference strategy, ext. dom.: dominated by extended dominance, 
pos.: positive. 

4. Discussion 

The aim of this study was to use an evidence-based decision-analytic modelling approach for 
the German context to assess the long-term benefits, potential risks, the benefit-harm balance and the 
cost-effectiveness of HPV-SS testing in women in Germany who do not participate in conventional 
screening in addition to the established organized cervical cancer screening program. For this 
purpose, a decision-analytic Markov model based on the best available evidence from various sources 
was developed to represent the consequences of different cervical cancer screening strategies 
investigated with respect to various benefit and harm endpoints. Extensive sensitivity analyses were 
performed to assess the uncertainty of the results. 

Based on the results from the base-case-analyses, an additional screening strategy with HPV-SS 
every five years for women who do not participate in the established screening program reduces the 
lifetime risk of developing cervical cancer and dying from detected cervical cancer across all 
examined strategies, with varying starting ages and modalities (opt-in or send-to-all). The earlier 
HPV-SS is offered (at ages 25 vs. 30 vs. 35), the greater the benefit in terms of preventing cervical 
cancer-related deaths. Associated with the participation rate, the effect is higher in the send-to-all 
mode, where self-tests are sent directly to women’s homes, compared to the opt-in model, where 
women need to order the test kit. 

Screening can also have harmful aspects, such as potential psychological harm from positive 
(including false-positive) screening results and overdiagnosis, which can lead to overtreatment and 
significantly impair quality of life during treatment. This potential harm increases with the intensity 
of the screening, reflected in the rising expected values of harm endpoints, such as the number of 
positive screening results, colposcopies, or cone biopsies. For this reason, various benefit-harm 
endpoints were compared explicitly, with IHBRs calculated and presented. The benefit, measured as 
life years gained, was compared to the harm, measured by the number of positive screening results, 
colposcopies, or cone biopsies. 

The results of all analyses show that an additional offer of HPV-SS screening every five years for 
women not participating in the established screening program can be more effective and cost-
effective than the established organized screening (based on a clinician-performed smear) without 
HPV-SS in the German context. The send-to-all strategy for non-participants, starting at age 35, was 
optimal in terms of the benefit-harm ratio and cost-effectiveness. Initiating the send-to-all strategy 
earlier at age 30 or 25 resulted in only a marginal increase in life expectancy, but the IHBRs and 
incremental ICERs were significantly higher. 
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Our findings are consistent with international model-based studies examining similar strategies 
[40–42]. However, direct comparisons are challenging, as some studies only compared strategies with 
no screening in non-participants and did not conduct incremental analyses of different strategies, 
particularly those with varying starting ages [43,44]. Additionally, in most international studies, the 
established reference strategy was HPV testing alone every five years with an upper age limit of 60 
or 65 years. In Germany, the current reference strategy is co-testing with Pap and HPV every three 
years starting at age 35, with no upper age limit. 

A key strength of this decision-analytic study is that it quantifies and transparently presents the 
long-term trade-offs between health benefits and potential harms associated with various screening 
strategies. These strategies differ not only in the starting age but also in the mode (opt-in or send-to-
all along with the established five-year invitation procedure) for implementation of HPV-SS within 
the established screening program in Germany. Furthermore, the approach of explicit trade-offs with 
the quantification of IHBRs showed largely consistent results with results of the cost-effectiveness 
analysis, enabling the identification of optimal screening strategies based on both ratios. Thus, this 
decision-analytic modelling study provides a transparent and robust foundation for healthcare 
decision-makers and complements the results of clinical studies, such as the HaSCo study, which 
often cannot track the long-term effects of screening and may involve heterogeneous study designs 
and conditions that differ from real-world screening settings. 

As any decision-analytic model, this model is based on current evidence regarding various 
epidemiological and clinical parameters, as well as assumptions that may influence the results which 
should therefore be considered as limitations. First, due to the lack of detailed individual data, it was 
assumed that the age-specific participation rate in the established screening program during each 
screening round would correspond to the average age-specific participation rates, regardless of a 
woman’s previous screening history. Individual-level data on more complex participation rates were 
unavailable. Second, no empirical data on quality of life could be incorporated into the model. 
Therefore, the long-term effectiveness was calculated based on life expectancy (measured in years) 
rather than quality-adjusted life expectancy (measured in quality-adjusted life years, QALYs). Since 
screening results in a relatively small average gain in life expectancy, changes in quality of life due 
to psychological distress associated with the communication of screening results or adverse events 
during cancer prevention treatments could significantly influence the estimated IHBRs and/or ICERs. 
Third, the data on the sensitivity and specificity of the primary screening tests, as well as the relative 
test performance of HPV-SS compared to HPV tests from physician-collected samples, are based on 
results from international meta-analyses with data from randomized clinical trials. However, these 
test performance values may be significantly lower in practice. Fourth, although selected alternative 
screening strategies for non-participants with different starting ages in both the opt-in and send-to-
all modes were analysed, not all possible alternatives were fully explored. Alternative screening 
strategies could alter the IHBR and ICER and should be considered in future studies [45]. For 
instance, no strategies were examined that ended at ages other than 65 years or employed a shorter 
screening interval (e.g., every three years). Furthermore, no screening strategy was tested where all 
women, including those already participating in the established screening program, were offered the 
option for HPV-SS. Future modelling studies should explore these alternative screening strategies. 

Another limitation of our study is that the results only apply to unvaccinated women. In the 
future, the cervical cancer screening program will likely be adjusted as vaccinated cohorts reach the 
screening age. A separate analysis for this future scenario is necessary, but it falls outside the scope 
of the current project. However, it can be assumed that offering HPV-SS for non-participants who are 
vaccinated against HPV will be less effective and therefore associated with higher ICERs, as fewer 
health benefits can be achieved in this population due to the lower background risk. 

The relative sensitivity and specificity of HPV testing in self-sampling compared to physician-
collected samples depend on the choice of testing methods, here PCR and SA. However, even with 
the use of a validated PCR test, it is possible that the sensitivity and specificity of HPV-SS may be 
lower than that of physician-collected samples in practice. Sensitivity analysis results regarding the 
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impact of variations in the relative sensitivity and specificity of HPV-SS compared to HPV tests from 
physician-collected samples on the ICER show that an HPV-SS offer can still be cost-effective, even 
with lower relative sensitivity and specificity. 

Finally, there is currently no empirical evidence on the distribution of acceptability thresholds 
of screening-eligible women in Germany for the acceptable harm per additional unit of benefit, that 
is, how many cases of overtreatment women consider acceptable to prevent one additional death 
from cervical cancer. This acceptability threshold can vary considerably among individuals 
depending on women’s age, their individual preferences, and their individual perceptions of the 
severity of treatment consequences and their impact on individual quality of life. Future research 
should elicit the distribution of harm-benefit acceptability thresholds for women in Germany eligible 
for cervical cancer screening. 

5. Conclusions 

Based on our simulation results offering non-attendees of the German national cervical cancer 
screening program the possibility to perform a self-sample for HPV testing by sending the test kit 
every five years starting as of age 35 may provide an acceptable benefit-harm balance and be cost-
effective for the German context. Results may inform decision makers and clinical guideline 
developers regarding the specific strategy of HPV-SS implementation in Germany. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org. Figure S1: Screening and follow-up algorithms of (a) HPV-Pap contesting as of 
age 35, and (b) HPV self-sampling. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

CI Confidence interval 
CIN cervical intra-neoplasia  
FIGO Fédération Internationale de Gynécologie et d’Obstétrique 
DRG Diagnosis related groups 
GDP Gross domestic product 
HPV Human papillomavirus 
HPV-SS HPV self-sampling 
HTA Health technology assessment 
ICER Incremental cost-effectiveness ratio 
IHBR Incremental harm-benefit ratio 
LY Life years 
LYG Life-years gained 
PCR Polymerase chain reaction. 
RCT Randomized controlled trial 
SA Signal amplification 
WHO World health organization 
WTP Willingness-to-pay 
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