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range from 2600 Euro/LYG (cytology, 5-year-interval) to 155,500 Euro/LYG (annual HPV-test-
ing starting at age 30 years, cytology age 20-29 years). Annual cytology alone, the current
recommended screening strategy in Germany, is dominated by HPV-strategies. Increasing
the age at screening initiation from 20 to 25 years does not result in a relevant loss in effec-
tiveness but results in lower costs.

Conclusions: Based on our analyses, HPV-based cervical cancer screening is more effective
than cytology alone and could be cost-effective if performed at intervals of two years or
longer. In the German context, an optimal screening strategy may be biennial HPV screen-
ing starting at age 30 years preceded by biennial cytology for women aged 25-29 years.
Longer screening intervals may be considered in low-risk women with good screening

adherence and in populations with low HPV-incidence.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

In Germany, an opportunistic cervical cancer-screening pro-
gramme with annual Pap cytology for women aged 20 years
and older is currently recommended.>? However, despite the
annual screening policy in Germany, with 5470 new cervical
cancer cases and 1492 deaths a year, both reported for the year
2006, Germany is ranking in the upper third as compared to
other European countries.™* The development of cervical can-
cer is associated with persistent infection with high-risk types
of human papillomavirus (HPV).* In a meta-analysis, HPV test-
ing achieved higher sensitivity than Pap cytology (relative sen-
sitivity increase: 33%; 95%-CI: 20-47%) in detecting high-grade
cervical intraepithelial neoplasia (CIN) and invasive cervical
cancer but lower specificity when compared to cytology (rela-
tive reduction in specificity: 6%; 95%-CL: 4-7%).>

Thus, the introduction of HPV testing in primary cervical
cancer screening has the potential to improve both the
long-term effectiveness and the efficiency of screening pro-
grammes when risk tailored screening with longer intervals
is considered. In this health technology assessment (HTA) re-
port commissioned by the German Agency for HTA/German
Institute for Documentation and Information (DAHTA@DIM-
DI), an Institute of the German Federal Ministry of Health,

we used decision-analytic modelling to systematically evalu-
ate patient-relevant long-term clinical effectiveness and cost-
effectiveness of HPV testing alone or in combination with
cytology in primary screening for cervical cancer. Based on
the results, recommendations were derived for optimising
the cervical cancer screening programme in Germany.

2. Methods

2.1.  Model design and assumptions

Based on the previously published and validated German Cer-
vical Cancer Screening Model® (GCCSM), we developed a deci-
sion-analytic Markov model’™ for the natural history of HPV
infection and cervical cancer (Fig. 1). The model compares
18 screening strategies that differ by screening interval, test
combinations and follow-up algorithms. In accordance with
the current German guidelines, cervical cancer screening
should start at age 20 years, with no upper age limit for the
end of screening. However, we varied the age at the start
and end of screening in scenario analyses.

We considered the following screening strategies (1.) no
screening; (2.-5.) Pap cytology alone in women aged 20 years
and older in intervals of one, two, three or five years; (6.-9.)

Fig. 1 - Natural history of the German Cervical Cancer Screening Model. This is a schematic diagram of the natural history
model. CIN: cervical intraepithelial neoplasia, CIS: carcinoma in situ, Diag.: diagnosed cervical cancer, FIGO: cervical cancer
stage classification Fédération Internationale de Gynécologie et d’Obstétrique, HPV: human papillomavirus, NL: no lesion,

Undiag.: undiagnosed cervical cancer.
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Table 1 — Natural history model parameters.

Transition Age (years) Annual probability References
From To
Start prevalence HPV - 15 0.1 15
Start prevalence CIN1 - 15 0.01 15
No Lesion, HPV-negative No Lesion, HPV-positive 15-19 0.1000-0.1700 12-14,19?
20-23 0.1000-0.2025
24-29 0.0550
3049 0.0120-0.0140
50 and older 0.0045-0.0050
No Lesion, HPV-positive CIN1 (90%) 0.1075 12,14-15,17,19?
No Lesion, HPV-positive CIN2 (10%) 0.1075 12,14-15,17,19
CIN1 CIN2 15-34 0.0176 213,15,18-21
35 and older 0.0718
CIN2 CIN3 16-34 0.0389
35-44 0.0797 11
45 and older 0.1062
CIN3 or CIS Cancer FIGO I 15-24 0.0011
25-34 0.0013 16
35-38 0.0300 a
39-49 0.0650
50-64 0.0820
65 and older 0.0831
Cancer FIGO I Cancer FIGO II 0.2933
Cancer FIGO II Cancer FIGO III 0.2793 10
Cancer FIGO III Cancer FIGO IV 0.3461 2
10
No Lesion, HPV-positive No Lesion, HPV-negative 15-24 0.8026 a
25-29 0.4621 10
30 and older 0.1083 2
CIN1 No Lesion, HPV-negative (90%) 15-34 0.1750 13,15,18-21
35 and older 0.0851
CIN1 No Lesion, HPV-positive (10%) 15-34 0.1750
35 and older 0.0851
CIN2 No Lesion, HPV-negative (50%) 0.0693 13,15,18-21
CIN2 CIN1 (50%) 0.0693
CIN3 No Lesion, HPV-negative (50%) 0.0693 13,15,18-21
CIN3 CIN2 (50%) 0.0693
Non-symptomatic Symptomatic 13,15,18-21
Cancer FIGO I Cancer FIGO I 0.150 13,15,18-21
Cancer FIGO II Cancer FIGO II 0.225 13,15,18-21
Cancer FIGO III Cancer FIGO III 0.600 13,15,18-21
Cancer FIGO IV Cancer FIGO IV 0.900

CIN: cervical intraepithelial neoplasia, CIS: carcinoma in situ, FIGO: invasive cancer stage classification Fédération Internationale de

Gynécologie et d’Obstétrique, HPV: human papillomavirus.
2 Callibrated model parameter.

HPV testing in women aged 30 years and older in intervals of
one, two, three or five years, with annual Pap testing from age
20 to 29 years; (10.-12.) HPV testing in women aged 30 years
and older in intervals of two, three or five years with biennial
Pap testing from age 20 to 29 years; (13.-15.) combined HPV-
and Pap testing in women aged 30 years and older in intervals
of two, three or five years with biennial Pap testing from age
20 to 29years; and (16.-18.) HPV testing in women aged
30 years and older, in intervals of two, three or five years for
HPV-negative women and Pap-Triage for HPV-positive women
with biennial Pap testing from age 20 to 29 years. HPV-positive
women with negative Pap test result underwent a control test
after 12 months.

In this model, a hypothetical cohort of women aged 15
years and older moved in annual cycles through different
health states, including HPV-infection and various pre-cancer

and cancer states throughout their lifetime. Transitions from
one state to another were defined by annual transition prob-
abilities derived from the literature'®??, and calibrated to ori-
ginal data from German cancer registries.® Women were able
to remain in the same health state, progress or regress to an-
other health state, die of cervical cancer as a function of FIGO-
specific survival rates, or die from other causes as a function
of age and gender.

In our model, invasive cervical cancer could develop
through a progression from persistent HPV-infection and the
onset of different stages of cervical intraepithelial neoplasia
(CIN1 to CIN3/CIS) including rapid progression to CIN2. We
did not consider heterogeneity of the population with respect
to infection with different HPV-types. Precancerous lesions
could regress to a situation without lesions. However, the
regression of invasive cervical cancer to precancerous lesions
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Table 2 — Model parameters for screening.

Screening test Threshold Sensitivity (%) 95% CI Specificity (%) 95% CI References
HCII HPV (1 pg/ml)/CIN1+ 80.6 76.3-4.3 91.7 90.3-3.1 66
(1 pg/ml)/CIN2+ 98.1 96.8-99.4 5
(1 pg/ml)/CIN3+ 98.1 96.8-99.4 5
Pap cytology (LSIL+)/CIN1+ 47.1 44.8-49.4 95.0 945-964 33,34
(LSIL+)/CIN2+ 71.8 67.0-76.2 33,34
(LSIL+)/CIN3+ 71.8 67.0-76.2 33,34
HCII HPV + Pap (1 pg/ml/LSIL+)/CIN1+ 81.5 76.8-84.8 87.3 84.2-90.4 32
(1 pg/ml/LSIL+)/CIN2+  99.2 97.4-100.0 32
(1 pg/ml/LSIL+)/CIN3+  99.2 97.4-100.0 32

Age (years) Average screening adherence (%)

20-29 54.6-55.9
30-39 53.9-52.1
40-49 50.3-49.5
50-59 48.8-46.9
60-69 43.8-37.6
70-79 27.5-19.3
80+ 9.0

ASC-US: Atypical squamous cells of undetermined significance, CIN: cervical intraepithelial neoplasia, HCII: Hybrid Capture II, HPV: Human
papillomavirus, CI: confidence interval, LSIL: low-grade squamous intraepithelial lesion, Pap: Papanicolaou test.

was not allowed. We assumed that precancerous lesions could
be detected by screening only, whereas invasive cancer cases
could be detected by the onset of symptoms or screening. Pre-
cancerous lesions and invasive cancer were assumed to be
treated according to the German treatment guidelines.>?*72¢
Women treated for precancerous lesions were assumed not
to have a continuing HPV infection or lesion, and would return
to the healthy state, but were still at risk for future disease.
Women treated for invasive cervical cancer were assumed to
have higher mortality rates than women without cervical can-
cer within the first five years. After five years, mortality was
the same as for women without cervical cancer. We consid-
ered benign hysterectomy, since removal of the organ at risk
affects the calculation of cervical cancer incidence.

2.2. Model parameters

2.2.1. Natural history data
Natural history parameters for progression and regression of
the disease were derived from the literature (Table 1).'°22
Age-specific benign hysterectomy rates were 0.884% for age
35-39 years, 1.125% for 40-44 years, 1.074% for 45-49 years
and 0.597% for age 50 years and older.?? Stage-specific annual
cervical cancer mortality rates were based on original data
from the Munich Cancer Registry (MCR) for the years 1988-
2006. Based on these data, five-year survival rates for FIGO
I-IV were 94.2%, 73.5%, 42.0%, and 27.7%, respectively. Women
could die from causes other than cervical cancer according to
German age-specific all-cause mortality rates for females
using German life tables from 2004-2006 from the German
Federal Statistical Office.?”?®

As described previously, the model was calibrated in a sys-
tematic and hierarchical fashion to fit specific epidemiologic
data observed in an unscreened population in Germany.®
We did not correct for hysterectomy in the calibration, since
population-based registries do not make a similar correction.

Epidemiologic data from the German Common Cancer Regis-
try (CCR) from the years 1964-1966 were used to calibrate the
model to fit cervical cancer incidence and FIGO-stage distri-
bution. Age-specific HPV-incidence was calibrated such that
the model predicted age-specific HPV prevalence as observed
in German population.?

2.2.2. Clinical data

Clinical practice data were derived from current guide-
lines®®*° for cervical cancer screening, diagnosis, and treat-
ment and were extended using expert estimates (data can
be obtained from authors upon request).

In the absence of individual data, screening adherence was
modelled independently from screening history. An average,
age-specific screening adherence (overall mean of 55%) was
calculated using published German data on screening atten-
dance (Table 2).3*

Test sensitivity and specificity for the base-case were de-
rived from international meta-analyses (Table 2).>>~3* In sce-
nario analyses, we used published German screening trial
data, where the relative sensitivity increase from HPV testing
as compared to cytology was higher due to lower sensitivity
rates for cytology.®®

For colposcopy/biopsy, we used 96% sensitivity and 48%
specificity.®® For simplicity, the model assumes that a positive
biopsy will always diagnose the true underlying health state.

We assumed that women with invasive cancer were de-
tected through gynaecological examination. The probabilities
of being detected with invasive cancer stage FIGO I-IV were
30%, 60%, 80%, and 87.5%, respectively, and were derived by
expert estimates.

2.2.3. Cost data

Direct annual costs were calculated based on actual reim-
bursement costs, including frequencies of diagnostic and lab-
oratory testing, medication and treatment procedures related
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Table 3 — Aggregated costs of screening, diagnostic work-up, therapy, follow-up, and palliative

procedures.

Procedure

Costs (Euro)

Screening (Pap) until 59 years?®
Screening (Pap) 60+ years?®
Screening (HPV) until 59 years?®
Screening (HPV) 60+ years?®
Control (Pap) until 59 years
Control (Pap) 60+ years

Control (HPV) until 59 years
Control (HPV) 60+ years
Colposcopy/Biopsy

HPV test”

Conisation until 39 years
Conisation 40 to 59 years
Conisation 60+ years

Follow-up after conisation until 59 years
Follow-up after conisation 60+ years®
Therapy FIGO IA1 until 39 years
Therapy FIGO IA1 40 to 59 years
Therapy FIGO IA1 60+ years
Therapy FIGO IA2 until 39 years
Therapy FIGO IA2 40 to 59 years
Therapy FIGO IA2 60+ years
Therapy FIGO IB1 until 18 years
Therapy FIGO IB1 19 to 39 years
Therapy FIGO IB1 40 to 59 years
Therapy FIGO IB1 60+ years
Therapy FIGO IB2 until 18 years
Therapy FIGO IB2 19+ years
Therapy FIGO IIA until 18 years
Therapy FIGO IIA 19+ years
Therapy FIGO IIB until 18 years
Therapy FIGO IIB 19+ years
Therapy FIGO III until 18 years
Therapy FIGO III 19+ years
Therapy FIGO IV until 18 years
Therapy FIGO IV 19+ years

a

Follow-up after cancer therapy until 59 years, year 1 and 2 after therapy®
Follow-up after cancer therapy 60+ years, year 1 and 2 after therapy®
Follow-up after cancer therapy until 59 years, year 3, 4 and 5 after therapy®
Follow-up after cancer therapy 60+ years, year 3, 4 and 5 after therapy?®
Follow-up after cancer therapy until 59 years, year 6 after therapy?®
Follow-up after cancer therapy 60+ years, year 6 after therapy?®

Palliative costs until 18 years
Palliative costs 19+ years

36.90
37.80
51.63
52.53
22.27
23.17
42.93
43.83
19.04
22.04
416.58
423.60
426.33
143.31
103.38
2943.91
2947.54
2948.95
4073.31
4075.65
4076.57
4136.26
3689.67
3681.00
3682.96
5144.96
4593.83
5482.85
4879.01
4952.95
3872.30
5871.42
4383.71
6623.20
5024.12
573.25
576.85
286.63
288.43
143.31
144.21
5415.32
6125.54

FIGO: cervical cancer stage classification Fédération Internationale de Gynécologie et d’Obstétrique, HPV: Human
papillomavirus, Pap: Pap cytology test. Screening costs: including reimbursement for gynaecological work-up and

laboratory costs for cytology.
# Aggregated costs per year.

b For HPV testing additional laboratory costs are reimbursed. Control costs: reimbursement for follow-up testing and

work-up is considered.

to the specific cervical cancer stages. Health resource utilisa-
tion frequencies were derived from diagnostic and treatment
guidelines and a German expert panel. Reimbursement costs
were derived from healthcare databases and applicable phar-
maceutical prices. We adjusted reimbursement prices for
ambulatory care costs using a weighted average for East and
West Germany and social and private health insurance from
published data.’”

Inpatient costs for cervical cancer treatment procedures
were based on Diagnosis Related Groups (DRG). All economic
data were assessed in 2007 Euros or inflated to this index year
using the consumer price index (CPI).*®

Table 3 depicts the aggregated cost packages for cervical
cancer screening, diagnostic work-up and therapy, medica-
tions, follow-up and palliative procedures.

We adopted the perspective of the health care system and
used a 3% annual discount rate for costs and effects.>*%°

2.2.4. Model analyses

In our decision analysis, we predicted the following out-
comes: the reduction in cervical cancer risk and mortality, life
expectancy, lifetime costs and discounted incremental cost-
effectiveness ratios (ICER) expressed as Euros per life-year
gained (LYG).
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In Germany, there is no explicit cost-effectiveness thresh-
old for the adoption of a medical technology.*® In the litera-
ture, the most commonly cited values for the cost-
effectiveness threshold range between 50,000 and 100,000
USD or Euro per quality-adjusted life year (QALY). The Na-
tional Institute for Health and Clinical Excellence (NICE) in
the United Kingdom recommends thresholds of 20,000-
30,000 GBP/QALY (30,000-44,000 Euro/QALY).**™*3

In our base-case analysis, we selected model parameter
values conservatively, that is, against the new technology of
HPV testing. As such, we are likely to have underestimated
the incremental effectiveness and cost-effectiveness of HPV
screening strategies as compared to Pap screening alone.

We performed one-way and multi-way sensitivity analyses
as well as scenario analyses to evaluate the robustness of the
results and identify future research priorities. In the sensitiv-
ity analyses, we used lower and upper 95%-confidence inter-
val limits or ranges derived from the published literature.
Costs were doubled and halved. The discount rate was varied
from 0% to 10% and screening adherence was varied from 0%
to 100%. HPV-incidence was reduced by a maximum of 90%.
Age at initiation of screening was varied between 20 and
25 years. In the scenario analyses, we used published German
screening trial data for the sensitivity and specificity of HPV
testing and Pap cytology.®® In this latter study, the relative
sensitivity increase for HPV testing as compared to cytology
was much higher than in international meta-analyses due
to the very poor performance of cytology.

2.2.5. Model validation

The model was internally validated using epidemiologic data
from German cancer registries. Additionally, we performed an
external model validation that compared the predicted model
outcomes to (1) observed epidemiologic data from German
cancer registries that were not used in the model develop-
ment and (2) independently-published German data. All

model predictions for an unscreened population were in line
with German data observed prior to the introduction of cervi-
cal cancer screening (data available on request from authors).

3. Results

In the base-case analysis, different screening strategies led to
an average gain of 56-91 undiscounted life days, and resulted
in a 53-97% reduction in the risk of cervical cancer and a
61-99% reduction for cervical cancer mortality, as compared
to no screening. HPV-based screening was more effective than
cytology alone as it was associated with a 71-97% reduction
(depending on screening intervals) in the risk of cervical can-
cer as compared to no screening. In contrast, strategies with
Pap screening resulted in a 53-93% reduction in the risk of
cervical cancer as compared to no screening (Fig. 2.). Com-
pared to annual Pap screening, which is currently the recom-
mended standard in Germany, biennial HPV testing was
similarly effective (91-92% versus 93% risk reduction in cervi-
cal cancer).

In the base-case analysis, the discounted ICER of the vari-
ous non-dominated screening strategies fell between 2600
Euro/LYG (cytology alone every five years) and 155,500 Euro/
LYG (annual cytology from age 20 to 29years and annual
HPV at age 30 years and older) (Fig. 2.). Annual Pap cytology,
the current recommended screening strategy in Germany
was dominated by extended dominance, that is, it was dom-
inated by a blend of HPV screening strategies (i.e. a combina-
tion of strategy 6 and strategy 16, see Fig. 2.). In particular,
strategy 10, biennial HPV screening in women aged 30 years
and older (with biennial Pap screening in women aged 20 to
29 years) was basically equally effective as the annual Pap
screening (87.4 versus 88.7 undiscounted life days gained
compared to no screening) and resulted in a discounted ICER
of 28,400 Euro/LYG, which is cost-effective when compared to
other well-accepted medical technologies. Adding Pap-Triage

| 155,500 Euro/LYG + 1. No Screening

0O 2. Pap, 1yr, age 20yrs
0 3. Pap, 2yrs, age 20yrs

@ 4. Pap, 3yrs, age 20yrs

0 5. Pap, 5yrs, age 20yrs
O6. HPV, 1yr, age 30yrs; prior Pap, 1yr
O 7. HPV, 2yrs, age 30yrs; prior Pap, 1yr

W 8. HPV, 3yrs, age 30yrs; prior Pap, 1yr
I 9. HPV, 5yrs, age 30yrs; prior Pap, 1yr

©10. HPV, 2yrs, age 30yrs; prior Pap, 2yrs
& 11. HPV, 3yrs, age 30yrs; prior Pap, 2yrs

© 12. HPV, 5yrs, age 30yrs; prior Pap, 2yrs

A 13. HPV+Pap, 2yrs, age 30yrs; prior Pap, 2yrs
A 14. HPV+Pap, 3yrs, age 30yrs; prior Pap, 2yrs
A 15. HPV+Pap, 5yrs, age 30yrs; prior Pap, 2yrs

| 28,400 Euro/LYG | | 93,700 Euro/LYG |
100 \ *
9,000 Euro/LYG
g 80 o)
]
g 7,100 Euro/LYG oA ]
[+
o
T 60
S
@ 2,600 Euro/LYG
o
c
2 40
[¢)
3
T
Q
o
X
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o
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Discounted Costs (Euro)

T 16. HPV+Pap-Triage, 2yrs, age 30yrs; prior Pap, 2yrs
X 17. HPV+Pap-Triage, 3yrs, age 30yrs; prior Pap, 2yrs

18. HPV+Pap-Triage, 5yrs, age 30yrs; prior Pap, 2yrs

Fig. 2 - Cost-effectiveness Frontier: Risk reduction in cervical cancer (in%) versus discounted life time costs (in Euro). The ICER

(in Euro/LYG) of non-dominated strategies are shown in boxes.



Table 4 — Undiscounted and discounted absolute and incremental life expectancy and costs (in Euro), and incremental cost-effectiveness ratios ICER (in Euro/LYG).

Strategy Undiscounted Undiscounted Discounted Discounted Discounted Discounted  Discounted

Costs Life expectancy Costs Incr. costs Life expectany  Incr. life ICER®

expectancy

(Euro) (years) (Euro) (Euro) (years) (years) (Euro/LYG)
1. No screening 339 67.31 87 28.83
5. Pap, 5 years, Age: 20 years 396 67.46 159 73 28.86 0.0285 2600
4. Pap, 3 years, Age: 20 years 488 67.50 215 55 28.87 0.0078 7100
12. HPV, 5 years, Age: 30 years; prior ® Pap, 2 years 487 67.51 232 18 28.87 0.0007 Ext. dominated
15. HPV + Pap, 5 years, Age: 30 years; prior ® Pap, 2 years 525 67.51 248 16 28.87 0.0003 Ext. dominated
11. HPV, 3 years, Age: 30 years; prior ® Pap, 2 years 578 67.53 266 18 28.87 0.0048 9000
3. Pap, 2 years, Age: 20 years 625 67.53 287 21 28.87 -0.0010 Dominated
18. HPV + Pap-Triage, 5 years, Age: 30 years; prior ® Pap, 2 years 621 67.51 288 22 28.87 -0.0046 Dominated
14. HPV + Pap, 3 years, Age: 30 years; prior * Pap, 2 years 639 67.53 289 23 28.87 0.0002 Ext. dominated
17. HPV + Pap-Triage, 3 years, Age: 30 years; prior ® Pap, 2 years 663 67.54 299 10 28.87 0.0001 Ext. dominated
9. HPV, 5 years, Age: 30 years; prior ® Pap, 1 year 609 67.51 325 26 28.87 -0.0048 Dominated
10. HPV, 2 years, Age: 30 years; prior ® Pap, 2 years 759 67.55 345 46 28.88 0.0025 28,400
8. HPV, 3 years, Age: 30 years; prior * Pap, 1 year 701 67.54 359 14 28.87 -0.0023 Dominated
16. HPV + Pap-Triage, 2 years, Age: 30 years; prior ® Pap, 2 years 800 67.55 362 17 28.88 0.0002 93,700
13. HPV + Pap, 2 years, Age: 30 years; prior ® Pap, 2 years 856 67.55 383 21 28.88 0.0000 Dominated
7. HPV, 2 years, Age: 30 years; prior ® Pap, 1 year 883 67.55 438 77 28.88 0.0000 Ext. dominated
2. Pap, 1 year, Age: 20 years 1084 67.55 514 76 28.88 0.0005 Ext. dominated
6. HPV, 1 year, Age: 30 years; prior ? Pap, 1 year 1394 67.56 637 123 28.88 0.0012 155,500

HPV: Human papillomavirus, ICER: incremental cost-effectiveness ratio, Incr.: incremental, LYG: life year gained, Pap: Papanicolaou test.
& Age 20 to 29 years.
b Rounded values.
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| 24,200 Euro/LYG | | 124,900 Euro/LYG

| 132,600 Euro/LYG +1. No Screening

0 2. Pap, 1yr, age 20yrs
0 3. Pap, 2yrs, age 20yrs
@ 4. Pap, 3yrs, age 20yrs
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Fig. 3 - Scenario analysis with test characteristics from a German Screening trial (Petry et al.):>> Risk reduction in cervical

cancer (in%) versus discounted life time costs (in Euro).

of HPV-positives to this biennial HPV-based screening strategy
(strategy 16) results in only 0.3 additional life days gained
(88.7 life days gained compared to no screening) and an ICER
of 93,700 Euro/LYG, requiring a higher willingness-to-pay.
Moving from biennial to annual HPV screening (i.e. strategy
6: annual HPV testing in women aged 30 years and older
and annual Pap screening in women aged 20 to 29 years) sub-
stantially increased the screening effort, slightly increases the
effectiveness (91.0 life days gained compared to no screening),
but results in a discounted ICER of 155,500 Euro/LYG.

Table 4 depicts the undiscounted and discounted life
expectancy and lifetime costs as well as the discounted incre-
mental cost-effectiveness ratios. In this base-case analysis,
values for model parameters (e.g. test accuracy data, screen-
ing adherence) were selected conservatively against the new
screening technology. Therefore, long-term effectiveness of
(annual) Pap screening was overestimated in the base-case,
and incremental effectiveness of HPV as compared to Pap
screening was underestimated.

In a scenario analysis with test sensitivity and specificity
values taken from a published German screening study and
a Pap sensitivity much lower than in international studies
and meta-analyses (46% for the detection of CIN3+ as com-
pared to 72% in the base-case), HPV screening every one,
two or three years was more effective than annual cytology
(risk reduction for cervical cancer: 97%, 91%, and 84%, respec-
tively, versus 78% for annual Pap). HPV screening every five -
years was more effective than biennial Pap screening. From
the cost-effectiveness perspective, all cytology alone screen-
ing strategies were dominated by HPV-based screening strat-
egies (Fig. 3.). HPV screening in women aged 30 years or older
in screening intervals of two and three years and biennial Pap
screening in women aged 20 to 29 years were considered to be
cost-effective, as they had discounted ICER of 24,200 Euro/LYG
and 6100 Euro/LYG, respectively.

In sensitivity analyses, variation in HPV test costs, screen-
ing adherence, screening start age, reduction in HPV-
incidence and the annual discount rate influenced the results
(see Table 5). After doubling HPV test costs, biennial screening
with a combination of HPV- and Pap-testing in women aged
30 years and older (and biennial Pap screening in women
age 20 to 29 years) was the most efficient strategy with a dis-
counted ICER of 46,800 Euro/LYG. In this analysis annual Pap
cytology was not dominated, and had a discounted ICER of
90,200 Euro/LYG. With increased screening adherence
(>75%), a longer screening interval would be more efficient,
because the benefit of a small screening interval decreases
with increasing screening adherence (see Fig. 4). However,
with a low screening adherence (<45%), a shorter screening
interval would be more effective and cost-effective. HPV
screening in women aged 30 years or older preceded by bien-
nial Pap screening in women aged 20 to 29 years remained the
preferred strategy in these sensitivity analyses.

With decreasing HPV-incidence, the discounted ICER of all
strategies increased (see Fig. 5). If HPV-incidence decreased by
more than 70%, triennial HPV screening in women aged
30 years and older (and biennial Pap screening in women aged
20 to 29 years) would become the preferred strategy. The dis-
counted ICER of all strategies increased with an increasing
annual discount rate. With an annual discount rate of 7% or
greater, triennial HPV screening in women aged 30 years
and older (and biennial Pap screening in women aged 20 to
29 years) should be the preferred strategy. Increasing the
starting age of screening from 20 to 25 years caused no rele-
vant loss in effectiveness but resulted in lower costs. Thus,
an optimal strategy in Germany may be biennial HPV testing
in women aged 30 years and older (and biennial Pap screening
in women aged 25 to 29 years) with a discounted ICER of
23,400 Euro/LYG. Adding Pap-Triage for HPV-positive women
to this biennial HPV screening strategy results in a discounted
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Fig. 4 - Sensitivity analyses on screening adherence: Risk reduction in cervical cancer (4a) and incremental cost-effectiveness

ratios of non-dominated strategies (4b).

ICER of 87,200 Euro/LYG. Annual HPV screening in women
aged 30 years and older (and biennial Pap screening in women
aged 25 to 29 years) results in a discounted ICER of 123,500
Euro/LYG.

4, Discussion

Based on our analyses, primary HPV screening for cervical
cancer is more effective and efficient than cytology when
considering long-term outcomes such as life expectancy, risk
of cervical cancer, and mortality due to cervical cancer. If HPV
testing for primary cervical cancer screening were introduced
in Germany, an extension of the screening interval to at least
two years could be considered. Based on results from the

base-case and sensitivity analyses of this study, biennial
HPV screening in women aged 30 years and older with bien-
nial Pap screening in women aged 25 to 29 years may be the
optimal screening strategy, with a discounted ICER of 23,400
Euro/LYG. In the case of greater screening adherence or
poorer Pap sensitivity, which is a likely circumstance in HPV
vaccinated populations or in regions with low Pap screening
performance, even HPV screening just once every three years
could be safe and cost-effective.

Our findings are consistent with the results of other pub-
lished modelling studies,’®**°® suggesting that HPV screen-
ing alone or in combination with cytology is effective and
cost-effective when screening intervals are designated at
every two or three years. However, most international studies
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Fig. 5 - Sensitivity analysis on HPV-incidence: incremental cost-effectiveness ratios of non-dominated strategies.

did not include annual cytology in their evaluation.’”-®

Therefore, the results of most international models were of
limited use in the German decision context. Only one model-
ling study>® evaluated annual cytology and a strategy involv-
ing HPV testing and Pap-Triage for HPV-positive women.
However, this study evaluated a combination of HPV and
cytology screening and HPV screening with Pap-Triage for
HPV-positive women, but not HPV testing alone. Triennial
HPV testing in women aged 30years and older with Pap-
Triage for HPV-positive women preceded by cytology from
age 21 to 29 years and from age 25 to 29 years was considered
cost-effective as these strategies had discounted ICER of
78,000 and 53,000 USD/QALY gained, respectively.

A specific strength of our study is that we systematically
combined the best available evidence from short-term clinical
trials and meta-analyses with long-term observational studies
and validated our decision model against real world German
cancer registry data. We included resource utilisation, costs,
and screening adherence data for the German health care
context. This is a typical example of a situation in which
clinical trials alone cannot offer a meaningful answer and
must be complemented by decision-analytic modelling.®®

Our study has several limitations. First, there were no
empirical quality-of-life data, which could have been addi-
tionally implemented into the model. As such, long-term
effectiveness was based on life expectancy instead of
quality-adjusted life expectancy. 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 of
pre-cancer treatment may significantly affect the estimated
cost-effectiveness ratios.?>®? Second, due to lack of detailed
data, age-specific adherence rates were assumed to be an
average adherence in every screening round independent of
prior screening history. No data on more complex adherence
patterns were available. In sensitivity analyses, the screening

adherence influenced the ICER of the different screening
strategies. Third, our decision model did not consider hetero-
geneity of the population with respect to different HPV types
and did not include separate states for women treated for pre-
cancerous lesions. However, the bias within the model is con-
servative or against HPV screening.’*®> Fourth, modelling
results evaluating the impact of an HPV vaccination on the
screening programme are limited. As such, a model contain-
ing HPV type-specific health states is necessary and, in order
to consider immunity and transmission dynamics, popula-
tion based dynamic models are also needed.®® Our sensitivity
analysis on HPV-incidence suggests that HPV screening might
be still cost-effective even in vaccinated populations with low
HPV prevalence if performed at intervals of three years or
greater. However, in vaccinated populations with a lower
prevalence of precancerous lesions, the screening test accu-
racy may be lower as compared to non-vaccinated popula-
tions. This was not considered in our analysis. Fifth, clinical
practice patterns were derived from guidelines and clinical
expert estimations in order to incorporate more realistic
health care data. Sixth, only direct medical costs from the
perspective of the health care system were considered. Inpa-
tient costs were underestimated, biasing the results against
HPV screening. However, in sensitivity analyses, cost of can-
cer treatment had no influence on decision results.

In conclusion, based on our analyses, HPV-based primary
screening for cervical cancer is more effective than cytology
and can be considered cost-effective if performed at intervals
of two years or greater. With the introduction of HPV-based
primary screening in Germany, the screening interval could
be extended to two years for women with average risk.
Because our results were based upon a conservative modelling
approach, the incremental effectiveness and cost-
effectiveness of HPV screening may be even more favourable
in reality and the screening interval may be extended to three
years for women who are not at high risk. However, prior to
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encouraging such an extension of the screening interval, the
effect of these longer intervals on screening adherence and
attendance at gynaecological checkups should be carefully
considered. The implementation of an organised screening
programme for quality-controlled introduction of HPV-
screening and -vaccination with continued systematic
outcomes evaluation is recommended.

Future research is needed to acquire evidence-based infor-
mation on adherence patterns and the impact of screening
results on quality-of-life. This research should include deci-
sion-analytic evaluation of the different, integrated screening
strategies in mixed vaccinated and non-vaccinated popula-
tions and of different practice patterns with respect to diag-
nostic work-up and treatment after initial screening results.
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