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ABSTRACT

Objectives: To define the optimal and cost-effective breast cancer screening strategy for Georgia.

Methods: We used the Microsimulation Screening Analysis-Breast (MISCAN-Breast) model that has been adapted to the
Georgian situation to evaluate 736 mammography screening strategies varied by interval (biennial and triennial), starting
ages (40-60 years), stopping ages (64-84 years), and screening modality (with and without clinical breast examination
[CBE]). Quality-adjusted life-years (QALYs) and additional cost (healthcare perspective) compared with no screening per
1000 women were calculated with 3% discount. Major uncertainties (eg, costs) are addressed as sensitivity analyses.

Results: Strategies using a combination of mammography and CBE yielded in substantially higher costs with minimal dif-
ferences in outcomes compared with mammography-only strategies. The current screening strategy, biennial mammography
screening from the age of 40 until 70 years with CBE, is close to the frontier line but requires high additional cost given the
QALY gains (€16 218/QALY), well above the willingness-to-pay threshold of €12 720. The optimal strategy in Georgia would
be triennial mammography-only screening from age 45 to 66 years with an incremental cost-effectiveness ratio of €12 507.

Conclusions: Biennial screening strategies are resource-intensive strategies and may not be feasible for Georgia. By switching
to triennial mammography-only strategy from the age of 45 until 66 years, it is possible to offer screening to more eligible
women while still gaining substantial screening benefits. This is to address capacity issues which is a common barrier for

many Eastern European countries.
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Introduction

Breast cancer is one of the most important causes of cancer
mortality in Georgia. In 2020, 910 women died of breast cancer
(43.6 deaths per 100 000)." To address this public health concern,
a national breast cancer screening program has been implemented
since 2008. Currently, screening is offered to women aged be-
tween 40 and 70 years old every 2 years using a combination of
mammography and clinical breast examination (CBE).”> Recruit-
ment is organized through self-enrollment and referrals from
physicians. Because of implementation barriers, including capac-
ity, resource availability, and lack of public awareness of the pro-
gram, the screening participation is only 10%.

Efforts to optimize the screening program are ongoing. The EU-
TOPIA-EAST (Towards Improved Screening for Breast, Cervical and
Colorectal Cancer in Eastern Europe: Equitable, Actionable, Sus-
tainable, and Trustworthy) project aims to improve the imple-
mentation of breast, cervical, and colorectal cancer screening
programs in Eastern European countries. Georgia is the country in

which its breast cancer screening program is being optimized
within the project.

Before defining actions to improve the implementation, it is
crucial to understand what the optimal breast cancer screening
strategy is in Georgia. Previous screening trials and cost-
effectiveness evaluations have been performed in settings which
are different in terms of demographic characteristics, life expec-
tancy, breast cancer epidemiology, survival, screening tests char-
acteristics, costs, and resource availability.*® Therefore, it is
possible that the optimal breast cancer screening strategy is
different for Georgia than for most Western European countries.

Performing a cost-effectiveness evaluation for an Eastern Eu-
ropean country such as Georgia will increase evidence on cost-
effectiveness of different breast cancer screening strategies that
take into account more contextualized costs and resource avail-
ability. Such analyses are needed for future guidelines and rec-
ommendations, especially in regard of implementation of breast
cancer screening in Eastern Europe.” Although deciding an
optimal strategy will require considerations of other factors not

2212-1099 - see front matter © 2023 International Society for Health Economics and Outcomes Research. Published by Elsevier Inc. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


www.sciencedirect.com
http://www.elsevier.com/locate/vhri
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vhri.2023.09.002&domain=pdf
http://creativecommons.org/licenses/by/4.0/

ECONOMIC EVALUATION 67

included in such analysis and countries are not obliged to exactly
follow modeling results, performing such analysis will provide
evidence for informed decision making in screening imple-
mentation. Hence, this study aims to investigate the optimal
breast cancer screening strategy for Georgia by performing a cost-
effectiveness evaluation through simulations of an extensive
number of different screening strategies.

Methods

Model, Parameters, and Assumptions

To evaluate the impact of different screening strategies, we
used the Microsimulation Screening Analysis-Breast (MISCAN-
Breast) model. This extensively validated model is a semi-Markov
and stochastic microsimulation model that simulates women'’s
individual life histories and natural history of breast cancer. The
MISCAN model is programmed in Delphi. Further model infor-
mation and comparisons of model predictions with real life data
are available in previous published studies.®*

Because this is a microsimulation model, simulations were
performed individually instead of as proportions of cohorts. This
allows the individual probabilities of progressing to the next event
to be dependent on the previous event(s). For a subset of simu-
lated women, breast cancer is initiated with ductal carcinoma in
sity, followed by T1A, T1B, T1C, and T2+, respectively. Tumors can
be clinically detected through symptoms, screen detected, or
progress to the next stage. The structure of the model is presented
in the Supplementary Material (see Appendix Fig. 1 of Appendix A
in Supplemental Materials found at https://doi.org/10.1016/j.vhri.2
023.09.002).

For this analysis, we adapted the model to the Georgian situ-
ation. As a starting point we used the Slovenian MISCAN-Breast
Model that was developed in the previous EU-TOPIA project as
an exemplary model for the Eastern European region.'® We first
inputted Georgian female population size by age in 2018. Because
of similar life expectancy with Georgia (78.4 years for females),"
we inputted the life table of Bulgaria into the model. The
Bulgarian life table was used because the Georgian life table is not
listed in Human Mortality Database.'?

We continued with calibrating 15 parameters, which include 5
parameters on age-specific onset hazard, 3 parameters on clinical
detection probabilities, 5 parameters on stage-specific screening
sensitivities, and 2 parameters on cancer survival. Except for
cancer survival, all parameters were calibrated using the Nelder-
Mead method using age-specific breast cancer incidence in
Georgia between 2015 and 2019 as the calibration target. Cancer
survival was calibrated manually to fit the age-specific breast
cancer mortality in Georgia between 2015 and 2019."° The fit of
the model predictions with the observed data from Georgia is
presented in the supplementary material (see Appendix Figs. 2-4
of Appendix B in Supplemental Materials found at https://doi.
0rg/10.1016/j.vhri.2023.09.002).

The already calibrated model was used to simulate 10 million
women aged 40 years old who were born in the same year. They
were followed up until deaths or until reaching the age of 100
years old.

An extensive set of screening strategies with varying starting
ages (40-60 years), stopping ages (64-84 years), intervals (biennial
and triennial), and screening modality (with and without CBE)
were also simulated. The lowest simulated starting age is 40 years
despite not being recommended by the European Commission
Initiatives on Breast Cancer (ECIBC). This is because current
screening in Georgia starts at the age of 40 years. For stopping
ages, ECIBC's recommended stopping age of 74 years was chosen

with 10 years lower and higher variations. Biennial and triennial
intervals were chosen based on the recommendation of ECIBC."
Finally, the CBE and no CBE strategies were chosen to decide
whether or not to keep CBE in the screening program. In total,
there were 736 different simulated strategies. Participation was
set to be 100% to show the full potential screening effects and to
make sure the outcomes comparability between simulated
strategies.

One of the most essential assumptions on cost-effectiveness
analysis of screening is the test sensitivities of different diag-
nostic modalities. In this analysis, mammography with and
without CBE are 2 different evaluated diagnostic modalities. We
applied test sensitivities estimates yielded from the calibration for
strategies using the currently implemented diagnostic modality,
mammography in combination with CBE. This is because the
calibration against breast cancer incidence as the calibration
target can provide estimates of test sensitivities of the currently
used diagnostic modality. For mammography-only strategies, we
reduced the calibrated sensitivities by 4.4% based on a study by
OQestreicher et al'® to take into account the reduction of sensitiv-
ities attributed to the removal of CBE as a primary screening
modality.

Cost-Effectiveness Analysis

For all strategies, the number of invitations, tests, ductal car-
cinoma in situ cases, invasive breast cancer cases, breast cancer
deaths, false positives, and life-years were calculated. Over-
diagnoses, which are defined as diagnoses of cancer that would
never be diagnosed in the absence of screening, were also
estimated.

We used the healthcare payer perspective and included only
direct screening and medical costs. To obtain costs and utility
values attributed to screening, treatment, and palliative care in
Georgia, we started with a literature search. From this literature
search, we assigned a utility value of 0.858 for simulated in-
dividuals with no breast cancer based on a previous published
study on the general population EQ-5D-5L female reference
values.'® Screening participation was given 0.006 utility reduction
for the duration of 1 week.!” We also applied utility reduction of
0.105 with 5 week duration for positive screening test.!” For
treatment, we assigned a set of utility losses values that was
previously used in a similar analysis in The Netherlands (see
Table 1816-21)8

Because of the unavailability of costs information that reflect
the Georgian situation, in 2021, co-authors who are based in
Georgia actively asked clinics and oncology centers to obtain
screening, treatment, and palliative care costs. In case the ob-
tained costs were given in price range, the average between the
highest and the lowest price range is used in this analysis.
Aggregated and stage-specific treatment costs were calculated
based on a previous Dutch study using the Georgian unit costs.'®
Costs were converted from Georgian Lari (GEL) to Euro (€) with
2021 currency exchange of 3.5 GEL per 1€. Furthermore, because
there was a substantial inflation of 9.6% in Georgia by the end of
2021, we corrected the costs for inflation in 2021.22

An annual 3% discount was applied to both cost and quality-
adjusted life-years (QALYs) based on a literature recommenda-
tion.”* Total cost and QALYs of each strategy were respectively
subtracted with total cost and QALYs in the no screening scenario
to obtain the additional cost and QALYs gained compared with no
screening.

After additional cost and gained QALYs for each simulated
strategy were calculated, we performed an economic evaluation of
healthcare interventions using the efficiency frontier method.>*
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Table 1. Utility losses, durations, and costs attributed to screening, diagnostics, and treatment of breast cancer in Georgia. Costs were

corrected for inflation.

Items Utility losses* Durations Costs (€) Costs source

Screening and Diagnostics Clinics and oncology centers in Georgia'®?'

Clinical breast examination n/a n/a 30.5 (24-37)

Mammography 0.006"" 1 week'” 41.0 (27-55)

Biopsy 0.105" 5 weeks' 59.0 (52-66)

Ultrasound 0.105" 5 weeks' 22.5 (20-25)

Per unit treatment* Clinics and oncology centers in Georgia'®?'

Surgery n/a n/a 861

Radiotherapy n/a n/a 2708

Chemotherapy n/a n/a 1957 Dutch prices adjusted by differences in surgery
cost between Georgia and The Netherlands

Hormone therapy n/a n/a 1410

Aggregated treatment Calculated based on previous Dutch costs analysis
using Georgian per unit treatment prices'®

Treatment DCIS 0.1% 2 years® 2434

Treatment stage T1aN- 2797

Treatment stage T1bN- 0.18 2 years® 3250

Treatment stage T1cN- 4213

Treatment stage T1bN+ 0.25° 2 years® 4736

Treatment stage T1cN+ 4693

Treatment stage T2+N- 4034

Treatment stage T2+N+ 3970

Palliative care 0.4 From diagnosis 1816 Clinics and oncology centers in Georgia'®'

to death®

DCIS indicates ductal carcinoma in situ; n/a, not applicable.

*Each simulated individual with no breast cancer was given the utility value of 0.858.'°

TPositive screening tests were given utility losses of 0.105 for 5 weeks.'”

*Utility losses and durations for treatment are given in the aggregated treatment section.

We plotted the additional cost in x-axis and QALY gains in y-axis
for each simulated strategy. Then, a line was drawn linking the
plotted strategies in which QALY gains were not dominated by
other strategies at different levels of cost. This line is called effi-
ciency frontier line. Strategies that fell on this line are considered
efficient given the amount of cost. Then, the efficient strategies
were ranked by additional cost compared with no screening per
1000 women from lowest to highest.

Incremental cost-effectiveness ratios were calculated for stra-
tegies on the efficiency frontier by dividing the costs difference by
the QALYs difference between a strategy and its preceding strategy
in the ranking.?® The optimal strategy was defined using 3 times
gross domestic product per capita of Georgia (€12 720) as the
willingness-to-pay (WTP) threshold.?*°

Sensitivity Analyses

In sensitivity analyses we reduced and increased the test
sensitivity, all costs, all utility losses, and referral rate by 10%. We
also applied the Slovenian (better) survival values and a 5% annual
discount rate. Finally, we set the mammography price to be lower
(€27) and higher (€55) based on the cheapest or the most
expensive mammography price obtained from different clinics or
oncology centers. In total we tested 12 alternative assumptions as
sensitivity analyses.

Results

Out of all 736 simulated strategies, there are 16 strategies on
the efficiency frontier (Table 2). Those strategies are predicted to
gain the most QALYs given the level of additional cost required.
The currently implemented strategy is not among strategies on
the efficiency frontier.

The benefits of screening are higher among more intensive
strategies, which have wider ranges of eligible screening ages and
shorter interval. However, these strategies are also estimated to be
more expensive and have higher number of overdiagnosis and
false positives. The most intensive and expensive strategy in the
efficiency frontier, biennial mammography and CBE screening
from the age of 40 years until 82 years, is estimated to prevent 9.8
breast cancer deaths and gain 49 QALYs at the expense of 4
overdiagnosed cases and 135 false positives per 1000 women.
Meanwhile, the least intensive strategy on the efficiency frontier,
triennial mammography screening from the age of 55 years until
64 years, is expected to avert 3.5 breast cancer deaths and gain 16
QALYs per 1000 women. However, this strategy is also estimated
to have the smallest number of overdiagnoses and false positives,
1.2 and 37 cases per 1000 women, respectively.

Using a €12 720 WTP threshold, the optimal strategy for
Georgia would be to screen using only mammography from the
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Table 2. Simulated screening strategies: number of breast cancer deaths averted, overdiagnoses, false positives, QALYs gained,
additional cost (€) per 1000 women aged 40 years followed until death compared with no screening, and ICER in (€).

Breast cancer deaths
averted*

Strategies

Current strategy

Mammography and CBE Biennial 8.6
40-70 years

Strategies on the efficiency

frontier

Mammography triennial 55-64 3.5
years

Mammography triennial 52-64 4.2
years

Mammography triennial 49-64 4.7
years

Mammography triennial 48-66 53
years

Mammography triennial 45-66 5.7
years*

Mammography biennial 47-65 6.5
years

Mammography biennial 45-67 7.3
years

Mammography biennial 41-69 8.1
years

Mammography biennial 41-71 8.5
years

Mammography biennial 40-70 8.4
years

Mammography biennial 40-72 8.8
years

Mammography biennial 40-74 9.1
years

Mammography biennial 40-76 9.3
years

Mammography biennial 40-78 9.4
years

Mammography biennial 40-80 9.5
years

Mammography and CBE biennial 9.8
40-82 years

Overdiagnoses* False QALYs Additional ICER (€)
positives*  gained’ Costs (€)'

23 111 47.60 771 982 Dominated
1.2 37 16.13 112 760 6991
1.4 42 20.84 149 587 7817
1.5 56 24.95 190 626 9994
1.7 62 27.64 219 340 10 658
1.8 71 31.40 266 402 12 507
2.0 78 35.74 324 099 13 293
24 93 40.40 391 870 14 559
2.7 106 44.39 461 069 17 333
2.9 112 45.23 478 132 20 469
2.9 108 46.07 496 405 21 628
3.1 114 46.80 512 599 22 275
33 119 47.30 527 071 28 796
3.5 124 47.58 539 860 45 247
3.7 128 47.76 550 950 63 458
3.8 131 47.83 560 321 131 047
4.0 135 49.42 881 486 201 849

Note: ICER of each frontier strategy was calculated based on the adjacent strategy with less gained QALYs.
CBE indicates clinical breast examination; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; WTP, willingness-to-pay.

*Per 1000 women, undiscounted.
TPer 1000 women with 3.0% discount.
*Optimal strategy within WTP threshold.

age of 45 years until 66 years every 3 years. This strategy is ex-
pected to prevent 5.7 breast cancer deaths and gain 31.4 QALYs at
the expense of 1.8 overdiagnoses and 71 false positives per 1000
women. Although the estimated benefits gained from the optimal
strategy is lower than the current strategy (assuming 100%
attendance), the optimal strategy will require fewer screening
rounds and will have less harms. Besides the additional cost of the
optimal strategy is substantially lower (€266 402) than the cur-
rent strategy (€771 982).

Another important finding from this analysis is that removing
CBE while keeping the screening age and interval as currently
implemented will result in minor reductions in health gains but a
substantial reduction in cost.

Among strategies on the efficiency frontier, almost all are stra-
tegies using only mammography as the primary screening modality.
Both biennial and triennial strategies are at the efficiency frontier.
Triennial strategies are estimated to have less breast cancer deaths
averted and QALY gains compared with biennial strategies. How-
ever, triennial strategies also require less additional costs and result
in less false positives and overdiagnosed cases.

When additional cost per 1000 women of each strategy is
plotted against the QALYs gained (Fig. 1), strategies using CBE are
estimated to gain slightly higher QALYs but require substantially
higher additional cost. This explains why there is only one CBE
strategy on the efficiency frontier. The current strategy in Georgia
is close to the efficiency frontier line. However, the additional cost
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Figure 1. Cost-effectiveness curve of all simulated screening strategies: The discounted additional costs compared with no screening
per 1000 women of all simulated screening strategies were plotted against the discounted QALYs gained per 1000 women.

60

@ N @
8 S 3

QALYs gained per 1,000 women during lifetime period

O Biennial Mammography
— Triennial Mammography
< Biennial Mammography + CBE
+ Triennial Mammography + CBE

i
o + @ Current Strategy
-a-Frontier Strategies
4
0 100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000 900,000

Additional cost compared to no screening per 1,000 women during lifetime period (€)

CBE indicates clinical breast examination; QALY, quality-adjusted life-year.

per QALY gain compared with no screening is €16 218, which is
above the assigned WTP threshold.

Adding CBE to mammography did not improve cost-
effectiveness. Therefore, we only performed the sensitivity ana-
lyses for strategies using only mammography as the primary
screening modality.

Regarding the sensitivity analyses (Table 3), most of the sce-
narios have triennial strategies as the optimal interval. Biennial
strategies require more screening rounds and are optimal when
having 10% lower referral rate, 10% lower costs, or lower
mammography price. Except for using the Slovenian better

survival and 5% annual discount rate, all scenarios indicated
starting the screening before the age of 50 years is optimal.
Stopping the screening before the age of 70 years is optimal in all
scenarios.

Discussion

Offering mammography-only screening at the age of 45 years
and stopping at the age of 66 years every 3 years is the optimal
breast cancer screening in Georgia, using a WTP threshold of
€12 720.

Table 3. Results of sensitivity analyses. The optimal breast cancer screening strategy based on different sensitivity analysis scenarios

using a €12 720 WTP threshold.

Scenario Optimal strategy

Starting age (years)

Base case 45
10% higher test sensitivity 45
10% lower test sensitivity 49
Higher mammography price (€55)* 49
Lower mammography price (€27)* 41
10% higher all cost 48
10% lower all cost 47
10% lower utility losses 48
10% higher utility losses 45
10% higher referral 48
10% lower referral 45
Improved survival (Slovenia) 52
5% discount rate 52

WTP indicates willingness-to-pay.

Stopping age (years)

Interval (years) Screening rounds (n)

66 3 8
69 3 9
64 3 6
64 3 6
69 2 15
66 3 7
65 2 10
66 3 7
66 3 8
66 3 7
67 2 12
64 3 5
64 3 5

*Lower or higher mammography price is based on the cheapest or most expensive mammography price obtained from different clinics or oncology centers.
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Combining mammography screening with CBE did not
improve the cost-effectiveness because CBE did not improve the
screening sensitivity substantially. A study reported that the in-
cremental sensitivity attributed to adding CBE to mammography
screening is only 4.4%."> This is in contrast with the substantial
additional cost to perform CBE that has to be considered. In this
analysis, the primary screening cost per woman in strategies
which have a combination of CBE and mammography is almost
75% higher (€71.8) compared with mammography-only strategies
(€411).

The optimal strategy based on this modeling study is to start
screening at the age of 45 years. Starting mammography screening
before the age of 50 years is currently being debated. A random-
ized trial has shown that offering annual screening to women
aged 40 to 48 years resulted in a 25% breast cancer mortality
reduction.”’” However, the harms of screening should also be
considered. A modeling study estimated that extending the age
ranges of mammography screening, including offering screening
to women aged 45 to 49 years will result in more benefits at the
expense of increased harms.?® Currently, ECIBC recommends not
to offer breast cancer screening to asymptomatic women aged 40
to 44 years, whereas asymptomatic women aged 45 to 49 years
can be offered mammography screening either biennially or
triennially.'* The new European Union recommendation also
extended the target ages for breast screening to include women
between 45 and 74 years, from previous target ages between 50
and 69 years. Furthermore, the recommendation suggests mem-
ber states to provide cancer screening for at least 90% of screen-
eligible population.?® Taking that into account, Georgia can
invite more women using the proposed new strategy.

The optimal strategy based on this study, however, will leave
women aged 40 to 44 years unscreened. This is a particular
concern because currently implemented biennial 40 to 70 years
old strategy is the only way for symptomatic women in Georgia to
get diagnostic facilities covered by insurance. Therefore, in addi-
tion to optimizing the screening strategy, providing free access for
symptomatic women who do not belong to screening-eligible
group to have timely diagnostic procedures and treatment is
recommended.

The MISCAN-Breast model also takes into account life expec-
tancy when simulating different screening strategies. The
women’s life expectancy in Georgia is lower than the European
Union average (78.4 and 84.0 years, respectively, in 2019)."
Therefore, it is expected that the stopping age will be lower.
This reasoning is echoed by the result of this modeling study.
Instead of stopping at age 69 or 74 years similar to what many
European countries are implementing, the optimal stopping age in
Georgia using the assigned WTP threshold is 66 years.

Biennial strategies yielded in higher health gains and more
harms compared with triennial strategies. However, biennial
strategies will generally require more screening rounds, which
may be challenging to implement in countries with capacity
constraints. Furthermore, recent evidence, which considers im-
provements in breast cancer treatment, suggests that triennial
strategies can also be optimal. An updated Dutch cost-
effectiveness analysis showed that triennial screening from the
age of 44 years until 71 or 74 years is estimated to gain more
QALYs at lower cost compared with current Dutch biennial 50 to
74 years strategy.’ In the Georgian context, switching to the
optimal strategy will result in less health gains compared with the
currently implemented biennial strategy. However, this will be
compensated by the possibility to offer the screening to sub-
stantially more eligible women. Furthermore, less harms are ex-
pected when switching to the optimal strategy. The varying
optimal strategies yielded by different sensitivity analysis

scenarios may give a perspective on how these results can be
generalized to other Eastern European countries.

Only a few other studies have evaluated cost-effectiveness of
breast cancer screening in this region. However, those studies
evaluated fewer number of strategies. A cost-effectiveness analysis
on mammography screening in Kazakhstan showed that biennial
screening from the age of 50 until 60 years is cost-effective.*
Another study from Slovenia showed that out of 36 evaluated
strategies, the optimal strategy for Slovenia is to screen from the
age of 40 until 80 years every 3 years.’' Although our analysis
agrees with the chosen interval of the Slovenian study, there are
differences regarding the optimal screening age. The differences
might be caused by differences in assumptions on natural history
of disease, test sensitivity at younger age, life expectancy, costs,
WTP threshold, and the number of evaluated strategies.

The major limitation of this study is the lack of some infor-
mation required during the adaptation of the MISCAN-Breast
model into the Georgian situation (eg, cancer detection rates
and the difference in stage distribution between screen detected
and clinically detected cancers). Publicly available information on
costs, cost structures, and utilities are also very limited; thus,
some assumptions were adapted from other countries or other
sources in which its generalizability is difficult to evaluate. This is
a common limitation when evaluating cancer screening programs
in limited resource settings where infrastructure to perform data
collection and routine monitoring is not yet well established.
However, the Georgian cancer registry has provided most of the
essential epidemiological information needed to adapt the model
such as age-specific breast cancer incidence, mortality, and stage
distribution of detected cancer.

The second limitation is that societal perspective approach was
not taken in this analysis because of unavailability of societal costs
information in Georgia. If societal costs were considered, and
knowing the fact that the highest reported further assessment rate
in Europe is 10.3%,? it is expected that societal costs attributed to
participation to primary screening will be the biggest costs addi-
tion. It implies that strategies with fewer screening rounds will
still be cheaper. Thus, triennial screening strategies may still be
favored in the societal perspective analysis similar to the current
analysis using the healthcare payer perspective.

Not many countries use CBE on top of mammography in the
context of organized primary screening. Therefore, there is
currently limited knowledge on how much reduction on sensi-
tivity when CBE is removed from combined mammography and
CBE screening. This is another limitation of this study. In this
analysis, we used 4.4% sensitivity reduction for mammography-
only strategies based on a study published in 2005.° However,
addressing this uncertainty with a sensitivity analysis will be very
unlikely to change the message that supplementing CBE in
mammography screening does not improve cost-effectiveness. The
more wide-spread use of digital mammography, which has supe-
rior test characteristics, make it very likely that the incremental
sensitivity contribution of CBE is currently even lower than 4.4%.

Lastly, the use of 100% participation assumption in this study
may raise questions because current screening participation in
Georgia is only around 10%. However, performing a sensitivity
analysis using a lower and realistic participation is difficult
because of the absence of information regarding how screening
participation is distributed throughout the population. Assuming
lower and realistic participation, which distributed equally and in
a random manner throughout the country, does not reflect the
reality in Georgia. This will also overestimate the impact of
screening. Screening may also be performed to only a small group
of women with the recommended interval. Alternatively,
screening can also be performed more equally throughout the
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country but with a longer actual interval. Those different scenarios
will result in different outcomes, thus resulting in very different
optimal strategies. Not having information on participation dis-
tribution from a reliable source (eg, national screening registry) to
simulate lower and realistic participation, will result in potentially
misleading recommendation.

Conclusions

To the best of our knowledge, this is the first breast cancer
screening cost-effectiveness study evaluating an extensive num-
ber of strategies for an Eastern European country. For Georgia,
using a WTP threshold of €12 720, the optimal strategy is
mammography-only screening from the age of 45 until 66 every 3
years. Removing CBE as primary screening modality will reduce
cost substantially with minimal reduction in health gains.

Although switching from biennial to triennial screening will
potentially increase the occurrence of interval cancers and reduce
health benefits of screening, it is predicted to still gain a sub-
stantial amount of screening benefits, reduce harms of screening,
and reduce cost. Furthermore, triennial screening may allow
countries to invite more eligible women. In the end, triennial
mammography screening can still have substantial population
impact especially in limited resource settings. This study may
serve as an example for other Eastern European countries that
have similar barriers and circumstances.

Author Disclosures

Links to the individual disclosure forms provided by the authors
are available here.

Supplemental Material

Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.vhri.2023.09.002.

Article and Author Information

Accepted for Publication: September 6, 2023
Published Online: xxxx
doi: https://doi.org/10.1016/j.vhri.2023.09.002

Author Affiliations: Department of Public Health, Erasmus MC,
University Medical Center Rotterdam, Rotterdam, The Netherlands
(Irzaldy, van Ravestey, de Koning, Heijnsdijk); Georgian Society of Clinical
Oncology, Thilisi, Georgia (Gvamichava, Beruchashvili); Petre Shotadze
Thilisi Medical Academy, Thilisi, Georgia (Sturua).

Correspondence: Abyan Irzaldy, MD, MSc, Department of Public Health,
Erasmus MC, University Medical Center Rotterdam, Dr. Molewaterplein
40 NA-24, Rotterdam 3015 GD, The Netherlands. Email: a.irzaldy@
erasmusmc.nl

Author Contributions: Concept and design: Irzaldy, van Ravesteyn, de
Koning, Heijnsdijk

Acquisition of data: Gvamichava, Beruchashvili, Sturua

Analysis and interpretation of data: Irzaldy, Heijnsdijk

Drafting of the article: Irzaldy

Critical revision of the article for important intellectual content: Irzaldy,
Gvamichava, Beruchashvili, Sturua, van Ravesteyn, de Koning, Heijnsdijk
Obtaining funding: van Ravesteyn, de Koning, Heijnsdijk

Administrative, technical, or logistic support: Gvamichava, Beruchashvili,
Sturua

Supervision: Heijnsdijk

Funding: This study is part of the EU-TOPIA-EAST (Towards Improved
Screening for Breast, Cervical and Colorectal Cancer in Eastern Europe:
Equitable, Actionable, Sustainable, and Trustworthy) project which was
funded under the Global Alliance for Chronic Diseases (GACD) Cancer
Research Program by European Union-Framework Program (Horizon
2020), project reference: 965014.

Role of the Funder/Sponsor: The funder had no role in the design and
conduct of the study; collection, management, analysis, and
interpretation of the data; preparation, review, or approval of thearticle;
and decision to submit the article for publication.

REFERENCES

1. Global Cancer Observatory. Cancer Today. International Agency for Research
on Cancer. https://gco.iarc.fr/today. Accessed June 27, 2022.

2. Davies P, Jugeli L. Capacity assessment and recommendations for cancer
screening  in  Georgia.  https://www.researchgate.net/profile/Philip-
Davies-12/publication/283087137_Capacity_Assessment_and_Recommenda
tions_for_Cancer_Screening_in_Georgia/links/562a1b9c08ae04c2aeb152ab/
Capacity-Assessment-and-Recommendations-for-Cancer-Screening-in-Geor
gia.pdf. Accessed July 3, 2022.

3. Gulbiani L, Topuridze M, Todua T, et al. Awareness of cancer screening among
Georgian primary care physicians. Georgian Med News. 2022;(322):53-58.

4, Chootipongchaivat S, Wong XY, Ten Haaf K, et al. Cost-effectiveness analysis
of breast cancer screening using mammography in Singapore: a modeling
study. Cancer Epidemiol Biomarkers Prev. 2021;30(4):653-660.

5. Kregting LM, Sankatsing VDV, Heijnsdijk EAM, de Koning HJ, van
Ravesteyn NT. Finding the optimal mammography screening strategy: a cost-
effectiveness analysis of 920 modelled strategies. Int | Cancer.
2022;151(2):287-296.

6. Ozmen V, Gurdal SO, Cabioglu N, et al. Cost-Effectiveness of breast cancer
screening in turkey, a developing country: results from bahcesehir
mammography screening project. Eur J Breast Health. 2017;13(3):117-122.

7. EU-TOPIA-EAST. TOwards Improved cancer screening in EAstern Europe. EU-
TOPIA-EAST Consortium. https://eu-topia-east.org/. Accessed June 30, 2022.

8. Sankatsing VD, Heijnsdijk EA, van Luijt PA, van Ravesteyn NT, Fracheboud ],
de Koning HJ. Cost-effectiveness of digital mammography screening before
the age of 50 in The Netherlands. Int | Cancer. 2015;137(8):1990-1999.

9. Van Oortmarssen GJ, Habbema JD, van der Maas PJ, et al. A model for breast
cancer screening. Cancer. 1990;66(7):1601-1612.

10. Gini A, van Ravesteyn NT, Jansen EEL, et al. The EU-TOPIA evaluation tool: An
online modelling-based tool for informing breast, cervical, and colorectal
cancer screening decisions in Europe. Prev Med Rep. 2021;22:101392.

11.  Life expectancy by age and sex. EUROSTAT, European Union. Updated May 5,
2022. https://ec.europa.eu/eurostat/databrowser/view/DEMO_MLEXPEC__
custom_3844792/default/table?lang=en. Accessed July 1, 2022.

12.  Human mortality database. Max Planck Institute for Demographic Research
(MPIDR). https://www.mortality.org/. Accessed May 22, 2023.

13. Data from: Breast cancer incidence, mortality, and stage distribution in
Georgia 2015-2019. 2021. Thilisi. Georgian Cancer Registry.

14. European Breast Cancer Guidelines: screening ages and frequencies. Euro-
pean Commission Initiative on Breast Cancer. https://healthcare-quality.jrc.
ec.europa.eu/en/ecibc/european-breast-cancer-guidelineshttps://healthcare-
quality.jrc.ec.europa.eu/ecibc/european-breast-cancer-guidelines/screening-
ages-and-frequencies. Accessed October 26, 2023.

15. Oestreicher N, Lehman CD, Seger DJ, Buist DS, White E. The incremental
contribution of clinical breast examination to invasive cancer detection in a
mammography screening program. AJR Am J Roentgenol. 2005;184(2):428-432.

16. M Versteegh M, M Vermeulen K, M A A Evers S, de Wit GA, Prenger R, A
Stolk E. Dutch tariff for the five-level version of EQ-5D. Value Health.
2016;19(4):343-352.

17. de Haes JC, de Koning HJ, van Oortmarssen GJ, van Agt HM, de Bruyn AE, van
Der Maas PJ. The impact of a breast cancer screening programme on quality-
adjusted life-years. Int | Cancer. 1991;49(4):538-544.

18. Geuzinge HA, Bakker MF, Heijnsdijk EAM, et al. Cost-effectiveness of mag-
netic resonance imaging screening for women with extremely dense breast
tissue. J Natl Cancer Inst. 2021;113(11):1476-1483.

19. Consillium Medula Clinic. Consillium Medula. http://medconsilium.ge/ka/.
Accessed June 1, 2022.

20. Mardaleishvili Medical Center. http://www.mmc.ge. Accessed June 1, 2022.

21. Institute of Clinical Oncology. http://www.ico.ge. Accessed June 1, 2022.

22. Overview main indicators: Georgia. European Commission. https://w
ebgate.ec.europa.eu/isdb_results/factsheets/country/overview_georgia_en.
pdf. Accessed June 1, 2022.

23. Basu A, Ganiats TG. 277Discounting in Cost-Effectiveness Analysis. In:
Neumann PJ, Ganiats TG, Russell LB, Sanders GD, Siegel JE, eds. Cost-Effec-
tiveness in Health and Medicine. Oxford University Press; 2016:277.

24, Caro ]J, Nord E, Siebert U, et al. The efficiency frontier approach to economic
evaluation of health-care interventions. Health Econ. 2010;19(10):1117-1127.

25. Paulden M. Calculating and interpreting ICERs and net benefit. Pharmacoe-
conomics. 2020;38(8):785-807.


https://www.sciencedirect.com/science/article/pii/S2212109923000882#mmc1
https://doi.org/10.1016/j.vhri.2023.09.002
http://doi.org/https://doi.org/10.1016/j.vhri.2023.09.002
mailto:a.irzaldy@erasmusmc.nl
mailto:a.irzaldy@erasmusmc.nl
https://gco.iarc.fr/today
https://www.researchgate.net/profile/Philip-Davies-12/publication/283087137_Capacity_Assessment_and_Recommendations_for_Cancer_Screening_in_Georgia/links/562a1b9c08ae04c2aeb152ab/Capacity-Assessment-and-Recommendations-for-Cancer-Screening-in-Georgia.pdf
https://www.researchgate.net/profile/Philip-Davies-12/publication/283087137_Capacity_Assessment_and_Recommendations_for_Cancer_Screening_in_Georgia/links/562a1b9c08ae04c2aeb152ab/Capacity-Assessment-and-Recommendations-for-Cancer-Screening-in-Georgia.pdf
https://www.researchgate.net/profile/Philip-Davies-12/publication/283087137_Capacity_Assessment_and_Recommendations_for_Cancer_Screening_in_Georgia/links/562a1b9c08ae04c2aeb152ab/Capacity-Assessment-and-Recommendations-for-Cancer-Screening-in-Georgia.pdf
https://www.researchgate.net/profile/Philip-Davies-12/publication/283087137_Capacity_Assessment_and_Recommendations_for_Cancer_Screening_in_Georgia/links/562a1b9c08ae04c2aeb152ab/Capacity-Assessment-and-Recommendations-for-Cancer-Screening-in-Georgia.pdf
https://www.researchgate.net/profile/Philip-Davies-12/publication/283087137_Capacity_Assessment_and_Recommendations_for_Cancer_Screening_in_Georgia/links/562a1b9c08ae04c2aeb152ab/Capacity-Assessment-and-Recommendations-for-Cancer-Screening-in-Georgia.pdf
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref3
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref3
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref4
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref4
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref4
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref5
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref5
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref5
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref5
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref6
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref6
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref6
https://eu-topia-east.org/
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref8
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref8
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref8
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref9
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref9
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref10
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref10
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref10
https://ec.europa.eu/eurostat/databrowser/view/DEMO_MLEXPEC__custom_3844792/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/DEMO_MLEXPEC__custom_3844792/default/table?lang=en
https://www.mortality.org/
https://healthcare-quality.jrc.ec.europa.eu/en/ecibc/european-breast-cancer-guidelineshttps://healthcare-quality.jrc.ec.europa.eu/ecibc/european-breast-cancer-guidelines/screening-ages-and-frequencies
https://healthcare-quality.jrc.ec.europa.eu/en/ecibc/european-breast-cancer-guidelineshttps://healthcare-quality.jrc.ec.europa.eu/ecibc/european-breast-cancer-guidelines/screening-ages-and-frequencies
https://healthcare-quality.jrc.ec.europa.eu/en/ecibc/european-breast-cancer-guidelineshttps://healthcare-quality.jrc.ec.europa.eu/ecibc/european-breast-cancer-guidelines/screening-ages-and-frequencies
https://healthcare-quality.jrc.ec.europa.eu/en/ecibc/european-breast-cancer-guidelineshttps://healthcare-quality.jrc.ec.europa.eu/ecibc/european-breast-cancer-guidelines/screening-ages-and-frequencies
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref15
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref15
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref15
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref16
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref16
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref16
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref17
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref17
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref17
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref18
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref18
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref18
http://medconsilium.ge/ka/
http://www.mmc.ge
http://www.ico.ge
https://webgate.ec.europa.eu/isdb_results/factsheets/country/overview_georgia_en.pdf
https://webgate.ec.europa.eu/isdb_results/factsheets/country/overview_georgia_en.pdf
https://webgate.ec.europa.eu/isdb_results/factsheets/country/overview_georgia_en.pdf
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref23
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref23
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref23
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref24
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref24
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref25
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref25

ECONOMIC EVALUATION 73

26.

27.

28.

29.

World Health Organization, et al. Making choices in health : WHO guide to
cost-effectiveness analysis | edited by T. Tan-Torres Edejer ... [et al]. World
Health Organization. https://iris.who.int/bitstream/handle/10665/42699/
9241546018.pdf?sequence=1. Accessed October 26, 2023.

Duffy SW, Vulkan D, Cuckle H, et al. Effect of mammographic screening
from age 40 years on breast cancer mortality (UK Age trial): final
results of a randomised, controlled trial. Lancet Oncol. 2020;21(9):1165-
1172.

Zielonke N, Geuzinge A, Heijnsdijk EAM, et al. Extending age ranges in breast
cancer screening in four european countries: model estimations of harm-to-
benefit ratios. Cancers (Basel). 2021;13(13):3360.

European Health Union. A new EU approach on cancer detection - screening
more and screening better. European Commission. Updated 20 September

30.

31

32.

2022. 2022. https://ec.europa.eu/commission/presscorner/detail/en/
ip_22_5562. Accessed October 26, 2023

Salikhanov I, Crape B, Howie P. Cost- effectiveness of mammography
screening program in a resource-limited post-soviet country of Kazakhstan.
Asian Pac ]| Cancer Prev. 2019;20(10):3153-3160.

Rojnik K, Naversnik K, Mateovi¢-Rojnik T, Primiczakelj M. Probabilistic Cost-
effectiveness modeling of different breast cancer screening policies in
Slovenia. Value Health. 2008;11(2):139-148.

Canscreen5: Europe, breast cancer screening, further assessment rate (%), all
reported ages. International Agency of Research on Cancer (IARC). https://
canscreen5.iarc.fr/index.php?page=analysis& TYPE=GRAPHIC& CONTINENT=4
&FOCUS=C&CANCERSITE=BREAST&INDICATOR=FAR&TEST=0. Accessed May
22, 2023.


https://iris.who.int/bitstream/handle/10665/42699/9241546018.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/42699/9241546018.pdf?sequence=1
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref27
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref27
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref27
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref27
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref28
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref28
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref28
https://ec.europa.eu/commission/presscorner/detail/en/ip_22_5562
https://ec.europa.eu/commission/presscorner/detail/en/ip_22_5562
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref30
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref30
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref30
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref31
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref31
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref31
http://refhub.elsevier.com/S2212-1099(23)00088-2/sref31
https://canscreen5.iarc.fr/index.php?page=analysis&amp;TYPE=GRAPHIC&amp;CONTINENT=4&amp;FOCUS=C&amp;CANCERSITE=BREAST&amp;INDICATOR=FAR&amp;TEST=0
https://canscreen5.iarc.fr/index.php?page=analysis&amp;TYPE=GRAPHIC&amp;CONTINENT=4&amp;FOCUS=C&amp;CANCERSITE=BREAST&amp;INDICATOR=FAR&amp;TEST=0
https://canscreen5.iarc.fr/index.php?page=analysis&amp;TYPE=GRAPHIC&amp;CONTINENT=4&amp;FOCUS=C&amp;CANCERSITE=BREAST&amp;INDICATOR=FAR&amp;TEST=0

	Breast Cancer Screening in Georgia: Choosing the Most Optimal and Cost-Effective Strategy
	Introduction
	Methods
	Model, Parameters, and Assumptions
	Cost-Effectiveness Analysis
	Sensitivity Analyses

	Results
	Discussion
	Conclusions
	Author Disclosures
	flink6
	Author Disclosures
	References


