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Objective: To assess the health economic impact of cervical screening with liquid based

cytology (LBC) compared with conventional cytology (CC) in Germany.

Methods: An economic model was constructed depicting the management of a hypothetical

cohort of women aged ≥20 years who undergo cervical screening in Germany. The model

estimated the cost-effectiveness and cost-benefit of LBC compared with CC at 2017/18

prices over a time-horizon of 70 years.

Results: Performing cervical screens with LBC instead of CC is expected to increase the

probability of detecting a true positive over a subject’s lifetime by 73% (0.038 versus 0.022)

and of diagnosing a subject with stage 3 cervical intraepithelial neoplasia (CIN3) (0.019

versus 0.011). Women screened with LBC instead of CC are expected to have a 57%

reduction in the probability of having undetected CIN3 (0.006 versus 0.014) and to experi-

ence a 44% reduction in the probability of transitioning into disease progression (from 0.018

to 0.010). The mean discounted lifetime cost of healthcare resource use associated with

performing cervical screens with LBC and CC was estimated at €4852 and €7523 per subject

respectively. For every Euro invested in cervical screening with LBC instead of CC, the

German healthcare system could potentially save ~€170 over a subject’s lifetime.

Conclusion: Within the study’s limitations, the analysis showed that LBC affords a cost-

effective cervical screening test compared with CC in Germany, since it improves detection

rates and has the potential to lead to a reduction in disease progression for less cost.

Keywords: cancer, cervical screening, conventional cytology, cost-effectiveness, liquid

based cytology, Germany, Papanicolaou

Introduction
Cervical cancer is the fourth most common cancer in women worldwide.1 Hence,

this disease is a major cause of morbidity and mortality. In 2018, there were an

estimated 569,847 new cases and 311,365 deaths worldwide, with more than 85%

of these cases occurring in developing countries.1 In Germany, the incidence of

cervical cancer is one of the highest in Western Europe2 with an estimated annual

incidence of 11 per 100,000 women3 and around 4600 new cases being diagnosed

annually.3 Additionally, there are around 1500 cervical cancer-related deaths

each year.4 It has been estimated that there are 35.9 million women over the age

of 15 who could be at risk of cervical cancer in Germany.3

The onset of cervical cancer often results from a persistent infection with high-

risk Human Papillomavirus (HPV).5 The lifetime probability of women acquiring an
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HPV infection is 0.85, and the virus is transmitted through

sexual contact.6,7 HPV infection can result in changes to

cervical cells which over time may become cancerous.8

Patients are asymptomatic in the early stages of the disease,

hence the necessity for a screening programme.7

Cervical screening is designed to detect precancerous

lesions that have the potential to develop into cancer.7

These precancerous lesions, referred to as cervical intrae-

pithelial neoplasia (CIN) are divided into three grades:

CIN1, CIN2 and CIN3.9 A subject is considered to have

CIN1 when a third of the thickness of the surface layer of

the cervix is affected, but will often return to normal

without the need for treatment.9 A subject is considered

to have CIN2 when two-thirds of the thickness of the

surface layer is affected and to have CIN3 when the full

surface layer of the cervix is affected.9 Women with either

CIN2 or CIN3 are likely to require treatment.9 Disease

progression to cervical cancer is staged from 1 to 4 accord-

ing to the International Federation of Gynecology and

Obstetrics (FIGO) staging system, with increasing stages

reflecting the extent of metastasis.10

There are multiple screening techniques including con-

ventional cytology (CC) and liquid based cytology (LBC).2

CC, also called the Papanicolaou or Pap test has been

around for over 50 years and has been the standard screen-

ing technique in Germany since screening began in the

1970s.2,11,12 The test involves a sample of cells being

taken from the cervix and smeared directly onto a glass

slide.13 Since then, LBC has been introduced in a number of

developed countries, such as New Zealand, the United

Kingdom and the United States of America.14–16 With

LBC, the sample of cervical cells is collected and rinsed

in a vial of preservative solution.11 The vial containing the

suspended cells in solution is transferred to a cytology

processor that is used to place a uniform layer of cells on

a slide.13 It has been reported that LBC yields a better

representation of the cells than CC and fewer inadequate

results.13,17 LBC also has the advantage that the residual

liquid sample can also be used for HPV testing, if required.2

The current German guidelines invite women for an

annual cytology cervical screen, although these guide-

lines are changing.18,19 From 2020, women between 20

and 34 years of age will be offered an annual cytology

cervical screen. Women who are 35 years of age and

above (with no upper age limit) will be offered

a combined cytology and HPV test every three years.19

The objective of this study was to investigate the cost-

effectiveness and cost-benefit of cervical screening with

LBC compared with CC in Germany on the basis that

women are offered an annual cytology test.

Methods
Study Design
This was a modelling study based on a systematic review of

published literature and German statistics, to assess the health

economic impact of cervical screening in Germany with LBC

compared with CC among a hypothetical cohort of women.

Data Sources
A systematic literature review was performed using search

terms that included conventional cytology, liquid based cytol-

ogy, cervical cancer, smear test, Pap test and Papanicolaou test.

The searches were limited to English or German studies pub-

lished in the last 10 years and only human studies were

included. Sites searched included PubMed, National Institute

for Health and Care Excellence (NICE), The German

Federal Ministry of Health (Bundesministerium für

Gesundheit, BMG), The Federal Joint Committee (German:

Gemeinsamer Bundesausschuss; G-BA), Kassenärztliche

Bundesvereingung (KBV), Cochrane database of systematic

reviews, World Health Organization, Institut fur Qualitat und

Wirschaftlichkeit im Gesundheitswesen (IQWIG) and Office

of Technology Assessment of the German Parliament.

A manual search was also undertaken.

The literature search yielded 1838 distinct abstracts of

which 1412 abstracts were removed because of duplication

or lack of relevance. Of the remaining 426 abstracts,

a further 338 were excluded as they lacked the necessary

information required to construct an economic model (i.e.

there was no clear focus on CC and LBC, studies were

insufficiently powered, lacked any useful quantitative esti-

mates, characteristics of the study population were

unclear). This resulted in 98 articles requiring a full text

review, of which 16 contained relevant data which were

used to directly inform this modelling study (Figure S1).

Economic Model
The economic analysis was performed using a combined

decision and Markov model to depict the lifetime costs

and consequences of cervical screening among a cohort of

hypothetical women from 20 years of age in Germany.

In the first instance a hypothetical 20-year-old woman

enters the decision model (Figure 1), which simulated the

possible outcomes following a single smear test. These out-

comes comprised the probability of a subject receiving either
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a normal, abnormal or inadequate test result. An inadequate

result generally arises from an issue with the quality of the

slide, such as obscuration by blood or incorrect spread of cells

and does not reflect the likelihood of abnormal cells being

present.17 The accuracy of the test is ultimately based on the

probability of detecting a true negative or true positive.

Figure 1 Decision model.

Dovepress Armstrong and Guest

ClinicoEconomics and Outcomes Research 2020:12 submit your manuscript | www.dovepress.com

DovePress
155

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


After one smear test, subjects exit the decision model and

based on the branch fromwhich they leave, they enter the same

state in the Markov Model (Figure 2). The Markov model

comprised 16 health states and death; well, diagnosed CIN1,

diagnosedCIN2, diagnosedCIN3, undiagnosedCIN1, undiag-

nosed CIN2, undiagnosed CIN3, diagnosed FIGO 1, diag-

nosed FIGO 2, diagnosed FIGO 3, diagnosed FIGO 4,

undiagnosed FIGO 1, undiagnosed FIGO 2, undiagnosed

FIGO 3, undiagnosed FIGO 4 and disease remission. Within

the Markov model, women transition annually between being

well, the different health states pertaining to pre-cancerous

lesions, the different stages of cervical cancer, remission and

death.

Each year, subjects in thewell and undiagnosedCIN health

states leave theMarkovmodel and re-enter the decision model

for a new screen. However, not all women are screened

every year. Hence, the model assumed that 80% of women

aged 20 to 65 years and 70% of women over 65 years of age in

the well state and the undiagnosed CIN states of the Markov

model re-enter the decision model annually to undergo a new

smear test. The model assumed that 100% of women in the

diagnosed CIN1 or CIN2 health states would re-enter the

decision model for a new smear test every 6 months.

Model Inputs

The probabilities of LBC and CC detecting a normal,

inadequate, abnormal, true negative and true positive

result incorporated into the decision model are shown in

Table 1. The transition probabilities incorporated into the

Markov model are shown in Table 2. The model assumed

that those subjects with a CIN1 diagnosis would be mon-

itored to see whether the lesions ameliorated on their own.

The model also assumed that those subjects who were

diagnosed with CIN2 or CIN3 would undergo further

diagnostic tests (i.e. a colposcopy and biopsy) and be

treated with standard care. Within the model, if

a subject’s pre-cancerous lesions resolved they would

return to the well health state. Accordingly, the model

assumed that all subjects with diagnosed CIN1 or diag-

nosed CIN2 would transition to the well state after a year.

Published data were used to estimate subjects’ transition

from CIN3 to other states. The probability of subjects in

an undiagnosed CIN health state having pre-cancerous

lesions is obviously unknown. Hence, the model assumed

they would undergo an annual smear test as if they were in

the well state.

No published evidence could be found for the distri-

bution of subjects between the well, CIN1, CIN2 and

CIN3 health states. There was some evidence for the

distribution of subjects between the CIN1, CIN2 and

CIN3 health states who were HPV positive or

negative.20 These data were used as a proxy by assuming

that if a subject had a false negative result then the

DeathAll states
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CIN 1

Well

Undiagnosed

CIN 1

Undiagnosed

CIN 2

Undiagnosed

CIN 3

Diagnosed

CIN 3

Remission

Undiagnosed
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Figure 2 Markov model. The Disease Progression box is not a health state per se, and has been inserted to simplify the diagram.
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ensuing probability distribution between the three CIN

health states would be similar to those who were HPV

negative. Similarly, if a subject had a true positive result

then it was assumed the ensuing probability distribution

between three CIN health states would be similar to those

who were HPV positive. The model assumed that the

inadequate smears occurred at random and were not

related to the severity of potential pre-cancerous lesions.

Therefore, the estimates of disease prevalence were used

to assign a probability distribution between the three CIN

health states to subjects who received an inadequate

result.21,22

No published evidence could be found for the transi-

tions between individual undiagnosed FIGO states. Hence,

the Markov model assumed these transitions would be the

same as those for the diagnosed FIGO states

Background Death Rate

Within the model, subjects can die at any time. The mor-

tality rate for different age groups was obtained by divid-

ing the number of deaths of women at each age by the

number of females in the population at each age in

Germany.23,24 This mortality rate was then applied to all

the health states in order to calculate the total number of

women in the model who died annually.

Unit Costs

Unit costs in Euros at 2017/2018 prices (Table 3) were

assigned to the estimates of healthcare resource use in the

model (Table 4). Unit costs obtained from previous years

were uprated to 2017/2018 prices using the German inflation

index. From the second year onwards the costs were dis-

counted at a rate of 3% per annum.25,26 The cost of treatment

for those in the diagnosed CIN2 and CIN3 health states in

the Markov model was only applied to the first year subjects

were in that state, since they were unlikely to receive the

same treatment multiple times. These subjects could subse-

quently receive more extensive cancer management,

depending on the health state to which they transition.

The treatment of FIGO 1 can include conisation with/

without pelvic lymph node dissection, simple hysterect-

omy with/without simple pelvic lymph node dissection,

radical trachelectomy with pelvic lymph node dissection,

Table 1 Decision Model Probabilities

Variable CC

Values

LBC

Values

Probability of an abnormal result 0.02936,38 0.04736,38

Probability of an inadequate result 0.02917,36,38 0.00817,36,38

Probability of a normal result 0.94236,38 0.94536,38

Probability of a true positive 0.98212,36,39 0.97712,36,39

Probability of a false positive 0.01812,36,39 0.02312,36,39

Probability of a true negative 0.92012,36,39 0.96212,36,39

Probability of a false negative 0.08012,36,39 0.03812,36,39

Proportion of subjects with CIN1 (Normal) 0.78920 0.78920

Proportion of subjects with CIN2 (Normal) 0.12220 0.12220

Proportion of subjects with CIN3 (Normal) 0.08920 0.08920

Proportion of subjects who areWell (Inadequate) 0.98021,22 0.98021,22

Proportion of subjects with CIN1 (Inadequate) 0.01421,22 0.01421,22

Proportion of subjects with CIN2 (Inadequate) 0.00121,22 0.00121,22

Proportion of subjects with CIN3 (Inadequate) 0.00521,22 0.00521,22

Proportion of subjects with CIN1 (Abnormal) 0.02220 0.02220

Proportion of subjects with CIN2 (Abnormal) 0.47320 0.47320

Proportion of subjects with CIN3 (Abnormal) 0.50520 0.50520

Table 2 Markov Model Transition Probabilities

Variable CC

Values

LBC

Values

Well to CIN1 (undiagnosed) 0.061* 0.029*

Well to CIN2 (undiagnosed) 0.009* 0.004*

Well to CIN3 (undiagnosed) 0.007* 0.003*

CIN1 to Well (undiagnosed) 0.893* 0.918*

CIN1 to CIN2 (undiagnosed) 0.009* 0.004*

CIN2 to Well (undiagnosed) 0.893* 0.918*

CIN2 to CIN3 (undiagnosed) 0.007* 0.003*

Well to CIN1 (diagnosed) 0.001* 0.001*

Well to CIN2 (diagnosed) 0.014* 0.022*

Well to CIN3 (diagnosed) 0.015* 0.023*

CIN1 to Well (diagnosed) 1.000** 1.000**

CIN1 to CIN2 (diagnosed) 0.000** 0.000**

CIN2 to Well (diagnosed) 1.000** 1.000**

CIN2 to CIN3 (diagnosed) 0.000** 0.000**

CIN3 to Well (undiagnosed) 0.0695 0.0695

CIN3 to Well (diagnosed) 0.85640 0.85640

CIN3 to disease progression (aged 15–24 years) 0.0015 0.0015

CIN3 to disease progression (aged 25–34 years) 0.0015 0.0015

CIN3 to disease progression (aged 35–38 years) 0.0305 0.0305

CIN3 to disease progression (aged 39–49 years) 0.0655 0.0655

CIN3 to disease progression (aged 50–64 years) 0.0825 0.0825

CIN3 to disease progression (aged ≥65 years) 0.0835 0.0835

Undiagnosed CIN 3 to FIGO 1 0.30040 0.30040

Diagnosed FIGO 1 to Diagnosed FIGO 2 0.2935 0.2935

Diagnosed FIGO 2 to Diagnosed FIGO 3 0.2795 0.2795

Diagnosed FIGO 3 to Diagnosed FIGO 4 0.3465 0.3465

Undiagnosed FIGO 1 to Diagnosed FIGO 1 0.1505 0.1505

Undiagnosed FIGO 2 to Diagnosed FIGO 2 0.2255 0.2255

Undiagnosed FIGO 3 to Diagnosed FIGO 3 0.6005 0.6005

Undiagnosed FIGO 4 to Diagnosed FIGO 4 0.9005 0.9005

Diagnosed FIGO 1 to Remission 0.95041 0.95041

Diagnosed FIGO 2 to Remission 0.50041 0.50041

Diagnosed FIGO 3 to Remission 0.40041 0.40041

Diagnosed FIGO 4 to Remission 0.05041 0.05041

Notes: *derived from the decision tree. **assumed values.
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radical hysterectomy with pelvic and paraaortic lymph

node dissection with and without adjuvant chemora-

diotherapy or chemoradiotherapy. The treatment of

FIGO 2 and FIGO 3 can include radical hysterectomy

with pelvic and paraaortic lymph node dissection with

and without adjuvant chemoradiotherapy or chemora-

diotherapy. The treatment of FIGO 4 can include radical

hysterectomy with pelvic and paraaortic lymph node dis-

section with and without adjuvant chemoradiotherapy,

exenteration with and without adjuvant chemoradiother-

apy, chemoradiotherapy, palliative chemotherapy, hor-

mone replacement therapy and manual lymphatic

drainage and venous compression.27

Model Outputs
The outputs of the model comprised the expected lifetime

costs of healthcare resource use and the following mea-

sures of effectiveness, which were not discounted:

● Probability of detecting a true positive (i.e. abnormal

cytology) over a subject’s lifetime.
● Probability of detecting CIN3 over a subject’s lifetime.
● Probability of a subject having undiagnosed CIN3

over their lifetime.
● Total probability of a subject having CIN3 over their

lifetime.
● Probability of a subject moving into disease

progression.

Cost-Effectiveness Analysis
The incremental cost-effectiveness of LBC compared with

CC was calculated as the difference in the discounted

management cost between the two screening strategies

divided by the difference in the effectiveness between the

two groups (i.e. the probability of detecting a true positive

and the probability of detecting CIN3). Hence, the incre-

mental cost-effectiveness of LBC compared with CC was

defined as (1) the incremental discounted cost for each

additional true abnormality found over a subject’s lifetime

and (2) the incremental discounted cost for each additional

subject diagnosed with CIN3. If one of the screening

strategies improved outcome for less cost, it was the

dominant (cost-effective) strategy.

Cost-Benefit Analysis
The incremental cost-benefit of LBC compared with CC was

calculated as the difference in the discountedmanagement cost

between the two screening strategies divided by the difference

in the cost of screening between the two groups to provide an

indication of the return on investment with LBC.

Sensitivity Analysis
Probability sensitivity analysis was undertaken to evaluate

uncertainty within the model by applying a distribution to all

the model inputs. A beta distribution was assigned to the

probabilities and a gamma distribution to resource use and

costs, by assuming a 5% standard error around the mean

values. This enabled the generation of 10,000 iterations of

the model by randomly selecting a value from all the differ-

ent inputs simultaneously. The outputs from these iterations

was a distribution of costs and outcomes over a subject’s

lifetime. These analyses enabled an estimation of the prob-

ability of LBC being cost-effective compared with CC at

different willingness to pay thresholds.

Deterministic sensitivity analysis (in the form of

a tornado diagram) was also performed to assess the

impact of independently varying the values of individual

Table 3 Unit Costs

Resource Unit Cost

CC (per test) €0.65

LBC (per test) €3.65

Transportation to laboratory (per sample) €2.6042

Clinician visit €9.8042

Colposcopy €25.0143

Biopsy €100.0442

Treatment of subject in CIN2 (per year) €356.1443

Treatment of subject in CIN3 (per year) €1587.7943

Treatment of FIGO 1 (per year) €8456.6227

Treatment of FIGO 2 (per year) €12,763.0327

Treatment of FIGO 3 (per year) €13,792.1027

Treatment of FIGO 4 (per year) €11,826.4627

Palliative Care €8375.1527

Table 4 Resource Use Incorporated into the Models

Resource Value

Annual screening rate among those aged 20–64 years 80%

Annual screening rate among those aged ≥65 years 70%

Number of re-screens per subject per year in diagnosed CIN1 2

Number of re-screens per subject per year in diagnosed CIN2 2

Number of annual clinician visits per subject in each diagnosed

CIN state

2

Number of colposcopies per subject in each diagnosed CIN state 1

Number of biopsies per subject in each diagnosed CIN state 1

Probability of subjects in each diagnosed CIN state undergoing

treatment

1

Discount rate 3%25
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parameters within the model. The parameter estimates

were individually varied over plausible ranges by altering

them to ±25% around the base case value. However, the

probability values were bounded by 0 and 1.

Results
Expected Outcomes
Performing cervical screens with LBC instead of CC is

expected to increase the probability of detecting a true abnorm-

ality over a subject’s lifetime by 73% (0.038 compared with

0.022). Similarly, the probability of detecting a subject having

CIN3 is expected to increase from 0.011 to 0.019 using LBC

instead of CC. The model also estimated that a subject would

have a 0.014 probability of having undetected CIN3 if they

were screened with CC compared with a 0.006 probability if

screened with LBC (Table 5). Consequently, the total prob-

ability of a subject having CIN3 over their lifetime was 0.025.

Due to LBC’s greater potential to detect abnormalities,

the model estimated the probability of moving into disease

progression was decreased by 44% (from 0.018 to 0.010)

among subjects who were screened with LBC instead of

CC (Table 5).

Expected Healthcare Costs
Cervical screening with LBC instead of CC is expected

to detectmore abnormalities and thereby reduce the probability

of subjects transitioning into disease progression.

Consequently, the expected lifetime management costs of

healthcare resource use were reduced by 35% among subjects

screened with LBC instead of CC (Table 6). Table 6 illustrates

that over 65%of the lifetimemanagement costs are attributable

to managing subjects in a cancerous state. The screening tests

accounted for <5% of the total management cost.

Cost-Effectiveness Analysis
Performing cervical screens with LBC instead of CC is

expected to result in reduced management costs over

a subject’s lifetime (Table 7). However, screening with

LBC instead of CC is expected to increase the probability

of detecting (1) a true abnormality (i.e. abnormal cytology)

and (2) a subject having CIN3. Hence, screening with

LBC instead of CC affords the German healthcare system

a dominant (cost-effective) cervical screening test, since it

improves outcomes for less cost (Table 7).

Cost-Benefit Analysis
Performing cervical screens with LBC instead of CC is

expected to result in a reduced discounted management

cost over a subject’s lifetime of €2671 (Table 8). However,

the lifetime discounted cost of screening is expected to

increase by €16 (Table 8). Hence, the analysis suggests

that for every Euro invested in cervical screening with

LBC, the German healthcare system would save ~€170

over a subject’s lifetime, irrespective of whether dis-

counted or undiscounted costs were used for the analysis

(Table 8). Figure 3 shows that the return on investment

starts after ~10 years of screening and then peaks after 30

years (50 years of age) after which it appears to plateau.

Probabilistic Sensitivity Analysis
Probabilistic sensitivity analysis highlighted the distribu-

tion in the incremental costs and outcomes over a subject’s

lifetime, from which all the samples were located in the

bottom right (dominant) quadrant (Figure 4). Ouputs from

this analysis were used to estimate that there was a >0.99

probability of LBC being cost-effective over a subject’s

lifetime when compared with CC.

Deterministic Sensitivity Analysis
Deterministic sensitivity analysis (Figure 5) showed that the

cost-benefit of LBC compared with CC is sensitive to a range

of model inputs. In particular, the model was sensitive to (1)

the probability of the screening test detecting a normal result,

(2) the transition between different FIGO states and (3) the

probability of the screening tests detecting an abnormality.

However, in all scenarios, screening with LBC compared

with CC resulted in a positive net return on investment over

a subject’s lifetime. In particular, changing the distribution of

subjects between the well and diagnosed CIN health states

and between the undiagnosed CIN states had minimal effect

on the cost-benefit of LBC compared with CC.

Discussion
Most industrial countries with a cervical screening programme

have observed a significant reduction in the incidence and

Table 5 Expected Outcomes

CC LBC

Probability of detecting a true positive (i.e. abnormal

cytology) over a subject’s lifetime

0.022 0.038

Probability of detecting CIN3 over a subject’s lifetime 0.011 0.019

Probability of a subject having undiagnosed CIN3 over

their lifetime

0.014 0.006

Total probability of a subject having CIN3 over their lifetime 0.025 0.025

Probability of a subject moving into disease progression 0.018 0.010
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mortality from cervical cancer,28 and LBC is a constituent part

of many National Screening Programmes.14–16 Currently all

women over 20 years of age in Germany are offered an annual

cytology test,18 although this will change in 2020 as previously

described.19

This study assessed the health economic impact of

undertaking cervical screening with LBC compared with

CC from a German healthcare perspective. The authors

were unable to find any published German-based studies

comparing the cost-effectiveness of these two cytology

tests. Therefore, a combination of non-German published

data and German statistics were used to populate this

study’s model.

The model comprised two components: a decision tree

and a Markov chain. The decision tree was considered the

most accurate way to depict the short-term outcomes of

a smear test and the Markov chain the most representative

way to simulate the development of pre-cancerous lesions

Table 6 Expected Lifetime Costs of Healthcare Resource Use per Subject (Percentage of Total Cost in Parentheses)

CC (Discounted) LBC (Discounted) CC (Undiscounted) LBC (Undiscounted)

Screening tests € 85.32 (1%) € 170.64 (4%) € 178.53 (1%) € 364.37 (3%)

Diagnostic tests € 76.70 (1%) € 128.46 (3%) € 158.81 (1%) € 271.53 (2%)

Clinician office visits € 257.27 (3%) € 267.56 (6%) € 538.32 (3%) € 571.32 (4%)

Management in pre-cancerous states € 619.72 (8%) € 1042.30 (21%) € 1322.22 (6%) € 2267.48 (17%)

Management in cancerous states € 4332.82 (58%) € 2175.65 (45%) € 12,302.95 (58%) € 6263.04 (48%)

Palliative care € 2151.06 (29%) € 1067.83 (22%) € 6536.77 (31%) € 3283.78 (25%)

Total € 7522.89 (100%) € 4852.44 (100%) € 21,037.60 (100%) € 13,021.52 (100%)

Table 7 Cost-Effectiveness Analysis

Test Mean Lifetime

Cost of

Management

Per Subject

Probability of

Detecting:

Difference in

Management

Cost

Difference in

Probability of

Detecting:

Incremental Cost for

Each Additional:

A true

Positive

A Subject

in CIN3

A True

Positive

A Subject

in CIN3

True

Positive

Detected

Subject

Diagnosed

with CIN3

Discounted costs

CC €7,523 0.022 0.011

LBC €4,852 0.038 0.019 -€2,671 0.016 0.008 Dominant

(-€166,938)

Dominant

(-€333,875)

Undiscounted costs

CC €21,038 0.022 0.011

LBC €13,022 0.038 0.019 -€8016 0.016 0.008 Dominant

(-€501,000)

Dominant

(-€1,002,000)

Table 8 Cost-Benefit Analysis

Mean Lifetime Cost of

Management Per Subject

Difference in

Management

Cost

Mean Lifetime Cost of

Screening Per Subject

Difference in

Screening

Cost

Return on

Investment

Discounted costs

CC €7,523 €2,671 €343 €167

LBC €4,852 €359 €16

Undiscounted costs

CC €21,038 €8,016 €717 €171

LBC €13,022 €764 €47
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and disease progression over a subject’s lifetime.

A subject’s lifetime was the selected time-horizon of the

model in order to reflect the natural history of cervical

cancer, which can possibly take up to 20 years to develop.8

The FIGO stages were incorporated into the Markov

model to capture the probability of subjects developing

cervical cancer and transitioning between the different

stages of metastasis. The probabilities of subjects entering

remission or dying were also incorporated in separate

states. Accordingly, the analysis has included multiple

treatments for cervical cancer, which include surgery,

radiotherapy and chemotherapy.29,30 There is a paucity of

published evidence surrounding patients transitioning

between the different diagnosed and undiagnosed FIGO

stages of cervical cancer. Hence, inclusion of these health

states may have increased inherent uncertainty within the

model.

Most economic studies on cervical screening published

in the last decade appear to have focussed on HPV testing,

which was outside the scope of this study. Therefore, the

literature search was extended to encompass the last fifteen

years to find cost-effectiveness analyses comparing LBC

with CC. The resulting publications were discordant as

they reported contradictory results. The findings from our

study are consistent with those reported in an Australian31

and UK study.32 However, they contradict the findings

from studies conducted in The Netherlands33 and France.34

NICE approved LBC for use within the UK’s

National Health Service (NHS).14 One year later,

Karnon et al performed a systematic review and

economic analysis which provided more certainty

around LBC’s cost-effectiveness compared with CC in

the United Kingdom.32 Neville and Quinn used an

American model, created by the Medicare Services

Advisory Committee, in an Australian setting and

found that screening with LBC was cost-effective

(dominant) compared with CC.31 However, this model

appears to have excluded subjects transitioning to CIN1

and therefore the benefits of LBC may have been

underestimated.31

The Netherlands-based study reported that switching

cervical screening from CC to LBC was only cost-

effective under certain circumstances.33 These were the

total cost of LBC should not be €3.20 more than that of

CC, the sensitivity of LBC should be at least 7% better than

that of CC, there should be a larger decrease in quality of

life while the women are in the follow-up period and there

should be fewer inadequate results with LBC than with

CC.33 The authors reported that in the Netherlands there

was already a low rate of inadequate smears with CC, and

therefore there was little benefit in using LBC.33 However,

the authors also stated that a possible reason for the low rate

of inadequate results in The Netherlands was attributable to

a difference in criteria with other countries in evaluating

whether a CC test result was unsatisfactory.33 This present

study found that the probability of an inadequate result was

halved when using LBC compared with CC. However, the

model was not sensitive to the probability of an inadequate

result and therefore this parameter was unlikely to have had

a large effect on this study’s results.
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Figure 3 Estimated discounted cumulative cost-benefit of LBC versus CC.
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The findings from the French study34 were consistent

with those of the Netherlands-based study.33 The authors

of the French study found no clinical benefit for cervical

screening with LBC compared with CC and that LBC was

more expensive. The cost-effectiveness analysis, which

was based on a trial in France, found that the proportion

of inadequate results was higher with LBC than with

CC.34 This finding is different from those of other studies

and may be due to the clinical trial protocol, as the same

cervical swab appears to have been used for both the CC

and LBC tests.34 CC was performed as normal, however

after the slide had been produced the same spatula appears

to have then been used to create the LBC sample.34

Consequently, the size of the sample left on the spatula

would have been smaller and this may have accounted for

a higher number of inadequate results with LBC.

One benefit of LBC is that it involves preserving cells

in solution rather than making-up a slide that is fixed at

a healthcare practitioner’s surgery. Hence, the suspended

cells required for LBC can be potentially used for further

testing. This includes using the same sample for both

cytology and HPV when co-testing in Germany starts in

2020.19 This is important since if there is an issue with the

way a slide has been produced then another slide can be
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Figure 4 (A) Distribution of incremental costs and incremental probabilities of detecting a true positive (i.e. abnormal cytology). (B) Distribution of incremental costs and

incremental probabilities of detecting a subject being in CIN3 over their lifetime.
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created from the same sample without asking the subject

to undergo another smear, as is the case with CC.

Additionally, if LBC yields a positive result, the sample

could be immediately tested for HPV, whereas subjects

would be required to undergo another test if CC was

being used. These opportunity costs in terms of healthcare

practitioner time and additional tests have not been con-

sidered in our analysis. Neither has the costs and conse-

quences of HPV testing, since this was beyond the scope

of the model. Consequently, the cost-effectiveness and

cost-benefit of LBC may have been underestimated in

our analysis.

Study Limitations
The study was subject to several limitations. One such

limitation was that data were obtained from indirect and

multiple sources, including clinical trials and assumptions.

The various studies may have had different protocols, such

as differing definitions of inadequate or abnormal results.

There were limited sources which documented the prob-

abilities of normal and abnormal results. Increasing the

amount of published evidence would inevitably reduce

uncertainty and improve the accuracy of the probability

values in our model.

The model simulated the pathways for an “average

individual”, consequently the probabilities, clinical out-

comes and resource use values used in the model may not

reflect the dispersion of women in the general public. This

analysis excluded health-related quality of life. Also

excluded were societal costs and direct costs to subjects.

Women may have to take time off work, such as annual

leave, to attend a cervical screening examination; there are

also costs incurred by subjects for travelling to and from

a clinician’s office. These costs will be the same irrespective

of which test a woman undergoes. However, the total cost

incurred may be greater among women who undergo CC

because of the propensity for repeat smears for reasons

previously outlined. Moreover, the model assumed that

80% of eligible women would be screened every year

until 65 years of age and 70% of women would be screened

annually, thereafter. In practice, the annual percentages of

women who undergo cervical screening may be lower.
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Figure 5 Tornado diagram of the deterministic sensitivity analysis (range in model inputs is ±25%; probability values were bounded by 0 and 1).
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The possible psychological impact of the test results on

subjects has not been included in this analysis. There is

evidence that an inadequate result can cause a negative

impact on women’s well-being in the short-term.35 Women

are reported to experience a level of anxiety with an inade-

quate result similar to that if they received a diagnosis of

having CIN1.35 Receiving an inadequate result may also

increase a women’s concern about the next smear test.35

Consequently, as the probability of an inadequate result is

lower with LBC than with CC, the number of women experi-

encing such anxiety may be reduced.12,17,36–38

The literature search was unable to identify any evi-

dence pertaining to the distribution of subjects between

CIN1, CIN2 and CIN3. It was assumed that the distribu-

tion would vary and be dependent on the cytology test

result, however no evidence could be found to support

this. The distribution of subjects between CIN1, CIN2

and CIN3 after a normal or inadequate test result did not

appear to impact on the results from our model. However,

the distribution after an abnormal result could potentially

affect the incremental cost-effectiveness ratio. Proxy esti-

mates were used to provide these distributions, however

the estimates cannot be as accurate as using reliable data.

Additionally, minimal published evidence was found on

the transition from diagnosed and undiagnosed CIN3 to

disease progression, transition between undiagnosed to

diagnosed FIGO states and transition between different

diagnosed FIGO states. Furthermore, no evidence was

found on the transition between different undiagnosed

FIGO states, so the model assumed it was the same as

for diagnosed FIGO States. Hence, further research is

required to inform the estimates used to populate this

study’s model and to reduce its inherent uncertainty.

Incorporating HPV testing was beyond the remit of this

study. Nevertheless, the prevailing view in the published

literature is that primary HPV testing is more cost-

effective than either LBC or CC. Consequently, while we

found LBC to be more cost-effective than CC, HPV test-

ing could be even more cost-effective. Hence, the broader

impact of this study is limited by this exclusion.

This study modelled the German guidelines that were in

practice at the time of constructing the economic model (i.e.

women were invited for an annual cytology cervical

screen).18,19 From 2020, women between 20 and 34 years of

age will be offered an annual cytology cervical screen, but

women who are 35 years of age and above (with no upper age

limit) will be offered a combined cytology and HPV test every

three years.19 Modelling the 2020 guidelines was beyond the

remit of this study. However, extending the screening interval

to three years is unlikely to substantially alter cervical cancer

incidence or mortality rates, but will inevitably lead to

a reduction in the number of cytology tests and colposcopy

procedures. Consequently, extending the screening interval

could potentially provide safety benefits by reducing the

potentially harmful risks of tests and procedures for abnorm-

alities that may otherwise regress. Nevertheless, it would be

speculative to comment on whether LBCwould be more cost-

effective than CC when including a HPV test and extending

the screening interval to three years, since it is not possible to

quantify the magnitude of the ensuing potential risks and

benefits with this study’s model.

In conclusion, within the study’s limitations, the

analysis showed that LBC affords a cost-

effective cervical screening test compared with CC in

Germany. It has the potential to increase the number of

true abnormalities by 73% and to decrease the probabil-

ity of a subject transitioning into disease progression by

>40% for less cost. Therefore, policy makers should

view LBC as the cytology test of choice.
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