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Purpose: This study aims to evaluate the cost-effectiveness
of two aromatase inhibitors for the adjuvant treatment of
women with postmenopausal hormone receptor positive
early breast cancer, and to find the most reasonable treat-
ment option when the population is stratified by the nodal
status. Methods: A Markov model was developed with
defining six Markov states based on breast cancer progres-
sion. The annual probabilities of recurrence by adjuvant
treatment (anastrozole, letrozole, and tamoxifen) were
estimated from the published studies in the overall population
and in the node negative and node positive groups. The
costs of the defined breast cancer events were measured
by the micro-costing method based on the 2009 National
Health Insurance Fee Schedule and the third Clinical Guide-
line of Breast Cancer Treatment. Anastrozole and letrozole
were compared with tamoxifen respectively, using the same
Markov model. The incremental cost-effectiveness ratios
for the overall population and each subgroup were esti-
mated. Results: Anastrozole was more effective and costly
than tamoxifen with anastrozole costing an additional

Korean Won (KRW) 22,461,689 per quality-adjusted life
year (QALY). Letrozole showed a similar incremental cost
of KRW 21,004,142 per QALY. In the node negative group,
anastrozole was the most cost-effective with an incremental
cost of KRW 19,717,770 per QALY, while letrozole was
the most cost-effective with an incremental cost of KRW
8,150,512 per QALY for the node positive group. The sen-
sitivity analysis showed that these results were robust.
Conclusion: The subgroup analysis clearly demonstrated
which treatment was superior among the aromatase inhi-
bitors in terms of the cost-effectiveness. Such a finding
was not confirmed for the case of the overall population.
The implication of this study is that the decision makers
should be careful when generalizing the cost-effectiveness
results. The stratified analysis in this context may help reach
a reasonable decision for allocating medical resources.
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INTRODUCTION

Breast cancer is the most common cancer among women
in South Korea. A total of 11,275 women were newly
diagnosed as having breast cancer in 2006 and the age—
standardized incidence rate per 100,000 was 35.5.(1)

Treatment for this common malignancy is a significant

Cerrespendence: Tae—Jin Lee

Graduate School of Public Health, Seoul National University,
599 Gwanak—ro, Gwanak—gu, Seoul 151-742, Korea

Tel: 02-880-2726, Fax: 02—745-9104

E-mail: tjlee@snu.ac kr

Received: February 11, 2010 Accepted: June 1, 2010

286

economic burden, for example, 190 billion won was paid
for treating breast cancer by the Korean National Health
Insurance in 2007.(2) Because the prognosis of breast
cancer depends on the stage of the disease at presen—
tation, adjuvant treatment that focuses on preventing
recurrence of breast cancer has been an important treat—
ment strategy for disease management and also for
improving the patients quality of life,

For women with early breast cancer, 5 yr treatment
with tamoxifen has been shown to reduce the risk of
breast cancer recurrence by approximately 50% and the

risk of death by approximately 26% compared with those
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receiving no hormonal therapy.(3) However, treatment
with tamoxifen is associated with serious safety concerns
including venous thromboembolism and endometrial
cancer. (4) Anastrozole and Letrozole are the third gen—
eration aromatase inhibitors, and they have been demon—
strated to be more effective than tamoxifen as the first—
line treatment for early breast cancer for improving
disease—free survival (DFS) when these drugs are admini—
strated to women with post—menopausal hormone receptor
positive breast cancer, The Arimidex, Tamoxifen Alone or
in Combination (ATAC) trial and the Breast International
Group (BIG) 1-98 trial are multinational, randomized
clinical trials that compared 5 yr of monotherapy with
an aromatase inhibitor (anastrozole and Letrozole, res—
pectively) versus that with tamoxifen. Anastrozole has
shown more favorable DFS (hazard ratio [HRI, 0.83; 95%
confidence interval [CI], 0.783-0.94; p=0.005) and a
longer time to recurrence (HR, 0.74: 95% CI, 0.64-0.87;
p=0.0002) versus tamoxifen on the completed treatment
analysis of the ATAC trial, which was performed in
postmenopausal women with early breast cancer.(5)
Anastrozole was also associated with a more favorable
safety profile versus tamoxifen, including a significantly
lower incidence of endometrial cancer and thromboem—
bolic events. These results confirmed the previously
reported findings that were obtained at a median 47
months follow—up.(6) In the primary core analysis of
the BIG 1-98 trial at a median follow—up of 25.8 months,
letrozole significantly improved the DFS by 19% (HR,
0.81; 95% CI, 0.70-0.93; p=0.003), and it reduced the
risk of breast cancer recurrence by 28% (HR, 0.72; 95%
CI, 0.61-0.86; p=0.003).(7) Compared with the tamoxifen
patients, the letrozole patients had lower risks of endome—
trial cancer and thromboembolism. (7) This superior effi—
cacy for breast cancer recurrence was maintained, as
was shown on the further follow—up results. (8 9) Although
aromatase inhibitors have been reported to have a greater
risk of cardiac events and fractures than tamoxifen, (5—
9) they are effective and well-tolerated alternatives to
tamoxifen for adjuvant treatment of postmenopausal
women with hormone receptor positive breast cancer.

However, the higher cost of aromatase inhibitors, against
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a background of increasing fiscal constraints on health—
care budgets, could limit the availability of this new
treatment.

Economic evaluation is an analysis that compares a
technology’s cost and effectiveness in a real world setting
and the result is shown as a cost—effectiveness ratio. (10)
To be cost—effective, a new technology should generate
more health gains for the patients than it displaces as a
result of any additional cost imposed on the system (oppor—
tunity cost). This trade—off is assessed by comparing the
incremental cost per final health outcome, which is usually
presented as the quality—adjusted life years (QALY) gained.
Within a given patient population it is possible to estimate
the mean cost—effectiveness of an intervention compared
with the relevant comparators, However, the ‘average
cost—effectiveness can mask important sources of het—
erogeneity that may be reflected in the decision making
by offering positive or negative guidance for patients with
particular characteristics. For the patients with breast
cancer, the population can be segmented by the nodal
status, which is one of the prognostic factors for the risk
of recurrence. When the cost—effectiveness of adjuvant
therapies for treating early breast cancer is assessed,
the results of the subgroup analysis can contradict the
results for the overall population.

The purpose of this study is to address the cost—effec—
tiveness of 2 aromatase inhibitors, anastrozole and letro—
zole, versus tamoxifen when they are used to treat women
with postmenopausal hormone receptor positive early
breast cancer in the Korean context. Moreover, this study
aims to find the most reasonable treatment option among
the node positive patients and node negative patients,

when the population is stratified by the risk of recurrence.

METHODS

Overview

Markov model is an analytic framework that enables
modeling the progression of chronic disease such as cancer
over long periods of time. Markov model is based on a
series of ‘states that describe each step of the disease

progression, and patients can occupy these states at a
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given point in time. The time duration during which the
average patients stay in the states of the model will be
used to calculate the expected cost and outcomes. The
likelihood of moving between the states in the model is
determined by a set of transition probabilities, (11) A health
state in the model has values including a ‘cost and an
‘effectiveness or ‘utility value associated with it. These
values given to each Markov state are weighted by the
time a patient spends in that state.

In our model, the expected lifetime costs and health
outcomes, including life years (LYs) and QALYs, were
calculated for each treatment. Then the lifetime costs
and health outcomes were combined to estimate the
incremental cost—effectiveness ratio ICER) of aromatase
inhibitors versus tamoxifen. The analysis was conducted
from a societal perspective and all the cost estimates were
adjusted to the first half year of 2009. Both the costs and
QALYs were discounted with a 5% rate to convert the
future values incurred during the analytic timeframe into
present values.

Because there have been no head—to—head clinical trials
between anastrozole and letrozole whose long—term follow—
up data is available, this study used indirect comparison
with applying tamoxifen as a common comparator to com—
pare the cost—effectiveness between anastrozole and letro—
zole. When applied to the same model, we could estimate
the ICER of anastrozole vs. tamoxifen and that of letrozole
vs. tamoxifen, respectively. After estimating the ICERs
of the overall population, a sub—group analysis was con—

ducted with stratification by the nodal status.

Structure of the economic model and the
assumptions

The characteristics of the patients entering this model
followed the patient characteristics of the ATAC and BIG
1-98 trials. They were assumed to be 50 yr of age and to
have initiated adjuvant therapy with aromatase inhibitors
or tamoxifen after completing breast cancer surgery and
chemotherapy when needed. The adjuvant treatment
was continued for 5 yr or until the occurrence of a breast
cancer event (contralateral breast cancer, locoregional

recurrence or distant recurrence). The patients were
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assumed to be at risk for breast cancer events for 15 yr
after the breast cancer diagnosis or any breast cancer
event. Mortality and the health—related quality of life
were assumed to be influenced by the breast cancer events
and the treatment related adverse events.

The health states of this model were defined based on
the disease stage of breast cancer, and the health states
were described according to 6 states; disease—free, dis—
ease—free with treatment related adverse events, con—
tralateral breast cancer, locoregional recurrence, distant
recurrence and death. The disease—free patients were at
risk for 3 types of recurrence (contralateral breast cancer,
locoregional or distant recurrence) and the patients with
contralateral recurrence were at risk for locoregional or
distant recurrence (Figure 1). Adjuvant treatment was
assumed to reduce the risk of these recurrences, but to
increase or decrease the risk of adverse events, including
endometrial cancer, thromboembolic events, cardiac events
or fractures, Regarding the ‘carry—over effects’ of adjuvant
treatment, the duration of benefits was assumed to remain
even after treatment had stopped based on the results
from the Early Breast Cancer Trialists Collaborative
Group (EBCTCG) meta—analysis for tamoxifen, (12) We
assumed 5—yr of carry—over for aromatase inhibitors.
The transition probabilities between states were acquired

as annual probabilities and all the outcomes were evalu—

g Disease @
\ Disease Free+
Adverse Events

Contralateral (?_ocoregional Distant @
Breast Cancer Recurrence Recurrence )*

Figure 1. Schematic diagram of Markov model. Each bubble
represents a health state regarding breast cancer and the direction
of arrows means possible transition between states. “Disease
free with adverse events” state includes separate states for all
possible combinations of adberse events.
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ated over a 35—yr timeframe beginning with the initiation
of adjuvant therapy and approximating a lifetime pro—
jection, The model was programmed using TreeAge Pro™
2009 (TreeAge Software Inc., Williamstown, USA), which

is decision analysis software.

Model estimation
Probabilities of breast cancer events

The annual probabilities regarding breast cancer recur—
rence were estimated using published data, including the
EBCTCG meta—analysis, the ATAC trial and the BIG 1-98
trial. For the patients receiving tamoxifen, the annual
probabilities of the first breast cancer events in the years
1-5 of this model were obtained from the ATAC and BIG
1-98 trials. For extrapolation after year 6, this annual
probability of recurrence was adjusted using the annual
trend of recurrence presented from the EBCTCG meta—
analysis, which reported the annual probability of recur—
rence with tamoxifen treatment for 15 yr. For anastrozole
and letrozole, the probabilities of first breast cancer events
were obtained by multiplying the probabilities for tamox—
ifen by the HR for breast cancer recurrence from the
ATAC trial(5,6,13) and the BIG 1-98 trial,(7,8) respec—
tively (Table 1). The proportions of the first breast cancer
events, which would be contralateral tumor, locoregional
recurrence and distant recurrence, were based on the
distribution of first events among the Korean breast

cancer women by applying Yang's study (5%, 17%, and
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78%, respectively). (14)

The annual probabilities of recurrence following con—
tralateral tumor were estimated from the 1998 EBCTCG
meta—analysis.(3) The annual probabilities of distant
metastases among the patients with locoregional recur—
rence were estimated by pooling the eight studies that
reported such data. (15—-22) It was assumed that the rela—
tive frequencies of locoregional recurrence and distant
metastases following contralateral tumor would be the
same as those of the disease—free patients according to
the previous cost—effectiveness analysis studies (Table
2).(23,24)

When subgroup analysis was performed, different HR
values by the nodal status were used. For the node nega—
tive group, the HR of anastrozole vs. tamoxifen for first
breast cancer events was 0.69 (95% CI, 0.43-0.95),(12)

Table 2. Probabilities of breast cancer events after the first
recurrence (%)

Contralateral breast cancer to

Locoregional
Year since Locoregional  Distant recurrence
entering state Any recurrence recurrence o distant
recurrence” (18%") (82%)) recurrence’
1-5 5.97 1.07 4.90 12.36
6-10 2.48 0.44 2.04 7.52
11-15 1.38 0.25 1.13 7.52

*Probabilities are estimated from 1998 EBCTCG meta-analysis.(3);
'Relative probabilities of locoregional and distant recurrence were
obtained from study conducted in Korea.(14); *Probabilities are from
pooled results of various studies.(75-22)

Table 1. Probabilities of the first breast cancer events in overall population (%)

Anastrozole vs. tamoxifen

Letrozole vs. tamoxifen

Year since
entering state Tamoxifen HR* Anastrozole Tamoxifen HR' Letrozole

1 3.56* 0.73 2.60 3.65 0.72 2.63
2 3.56 0.73 2.60 3.65 0.72 2.63
3 3.56 0.73 2.60 2.88 0.78 2.24
4 3.11 0.78 2.43 2.88 0.78 2.24
5 2.37 0.74 1.75 2.88 0.78 2.24
6-10 2.37 0.74 1.75 219 0.78 1.71
11-15 2.08 1 2.08 1.92 1 1.92

HR=hazard ratio; Cl=confidence interval; ATAC trial=Arimidex, Tamoxifen, Alone or in Combination trial; BIG 1-98=Breast International Group 1-98

trial.

*HR values were obtained from ATAC trials; year 1-3, HR=0.73 (95% CI, 0.59-0.90); year 4, HR=0.78 (95% ClI, 0.65-0.93); year 5+, HR=0.74 (95%
Cl, 0.64-0.87); "HR values were obtained from BIG 1-98 trials; year 1-2, HR=0.72 (95% Cl, 0.61-0.86); year 3+, HR=0.78 (95% ClI, 0.65-0.92): ‘This
probability of breast cancer event includes any of three recurrences; contralateral breast cancer, locoregional recurrence, and distant recurrence,

which are distributed as 5%, 17%, and 78%, respectively.
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while the HR of letrozole vs. tamoxifen was 0.88 (95% CI,
0.70-1.10)(8) for this subgroup. For the node positive
group, the HR of anastrozole vs. tamoxifen for first breast
cancer was 0.87 (95% CI, 0.67-1.07)(12) and the HR of
letrozole vs. tamoxifen was 0.77 (95% CI, 0.64—0.92)
(Table 3).(8)

Probabilities of adverse events

Five treatment-related adverse events (endometrial
cancer, thromboembolism, ischemic heart disease, hip
fracture and other fracture) were considered in this model
according to the ATAC and BIG 1-98 trials.(5-9) When
these adverse events were selected, the clinical signifi—
cance to mortality, the frequency of the adverse events
during the hormonal treatment and their acceptance in
both the ATAC and BIG 1-98 trials were considered. The
annual probabilities of these events among the general
Korean female population were estimated from previous
studies that reported this data. The estimates of the relative
risk (RR) of adverse events for tamoxifen versus no endo—
crine therapy were based on the data from the National
Surgical Adjuvant Breast and Bowel Project (NSABP) P-1
study. (25) The estimates of the RR of adverse events for

aromatase inhibitors versus tamoxifen were based on the

Table 3. Probabilities of any recurrence by nodal status (%)
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published data on the number of patients with adverse
events reported in the ATAC or BIG 1-98 trial, respectively
(Table 4).

Probabilities of death

The age—specific annual probabilities of death for women
without distant metastases or adverse events were obtained
from the age—specific mortality rates for the Korean female
population, (31) with excluding the mortality rates due to
breast cancer and the adverse events defined in this study
(Table 5).

The annual probability of death among the women with
locoregional recurrence was estimated to be 17.4% based
on the data from Stokes.(32) The annual probability of
death due to distant recurrence was obtained based on
the clinical trial data for metastatic breast cancer pa—
tients. (33)

Because the probabilities of death from adverse events,
including endometrial cancer, thromboembolism, ischemic
heart disease and fractures, for the Korean female popu—
lation have not been reported, the data reported by other
countries were used. Disease specific mortality due to
endometrial cancer was reported to have an additive mor—

tality increase of 2.5%.(84) Thromboembolism was reported

Node negative group

Year since Node positive group
entering state Tamoxifen Anastrozole Letrozole Tamoxifen Anastrozole Letrozole
HR 0.69* (0.43-0.95) 0.88' (0.70-1.10) 0.87%(0.67-1.07) 0.77' (0.64-0.92)
1-5 2.30 2.01 552 4.82 4.27
6-10 1.70 1.48 4.06 3.54 3.14
11-15 1.69 1.68 4.05 4,05 4.05
HR=hazard ratio.
*HR is from ATAC trial(12); 'HR is from BIG 1-98 trial.(8)
Table 4. Probabilities of adverse events
Endometrial Thrombo- Ischemic Hip Other
cancer embolism heart disease fracture fracture
Probabilities
General female population aged 0.01%(26) 0.12%(27) 0.08%(28) 0.27%(29) 1.54%(30)
>50 in Korea (Data source)
Relative risk
Tamoxifen vs. no hormonal therapy(25) 4.01 . 1.15 0.55 0.79
Anastrozole vs. tamoxifen(12) 0.23 0.59 1.29 1.59 1.59
Letrozole vs. tamoxifen(7) 0.4 0.43 1.47 1.42 1.42
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to increase the risk of mortality, and this varied by 1—
33.4% depending on the data,(35,36) and the data was
pooled to an estimated 12.3% of additive increase of mor—
tality. The RR of death for ischemic heart disease was
reported to be 4.0.(37) The RR of death for hip fracture
was estimated to be 3.0,(38) while the other fractures have

the same risk of death as that for the general population.

Costs of adjuvant hormonal therapy

The costs of adjuvant treatment with tamoxifen, anas—
trozole and letrozole included the drug costs, pharmacy
fees and the costs of diagnosing the hormone receptor
status. Drug costs were based on the 2009 pharmaceutical
prices that were weighted by the prescription volume,
which was issued by the Korean Health Insurance Review
and Assessment Service (HIRA) in the first half year of
2009 (Table 6).

Costs of breast cancer events

The costs that occur in each breast cancer state, including
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disease—free, contralateral breast cancer, locoregional
breast cancer and distant breast cancer, are composed
of the cost of the diagnosis, the treatment cost and the
monitoring cost. It is assumed that the patients follow
the Clinical Practice Guideline for Breast Cancer.(39)
The total use of resources was measured by multiplying
the unit cost of each resource item by the frequency of
resource use by applying micro—costing methods. When
each resource item was included, the standard guideline
for breast cancer diagnosis and treatment(39) was referred
to (Appendix). The cost of visiting the doctor and the
transportation cost were included in each diagnosis and
treatment. The unit cost of the each resource item was
obtained from the list of fee schedule from the HIRA as
of 2009. The estimated total costs by the defined health

states are shown in Table 7.

Costs of the adverse events and the non—health care costs
The average cost of each adverse event related to adju—

vant treatment was extracted from the National Health

Table 5. Probabilities of death in women without distant metastases or adverse events (per 100,000 women)

A Probabilities of death Breast Endometrial Ischemic heart Probabilities of death
9e due to all cause cancer cancer disease from disease-free state

60-64 47 171 36 23.1 427.2

65-69 828.6 12 25 535 760.6

70-74 1,605.00 15 36 121.7 1,464.70
75-79 3,254.70 156 32 255.7 2,980.20
80-84 6,326.70 19.9 7.7 493.8 5,805.30
85-89 11,389.40 17 95 795.3 10,567.60

90+ 20,792.10 28.9 145 1,118 19,630.70

Age-specific mortality by cause for Korean female women was from Statistics of Mortality released by Korean Statistical Information Services.(30)

Table 6. Costs for adjuvant treatment (KRW)

Costs Letrozole ~ Anastrozole Tamoxifen

Diagnosis for 103,413 103,413 62,200
adjuvant treatment™

Drug costs' 1,747,973 1,580,213 323,280

Total costs for adjuvant 8,011,909 7,252,899 1,524,842

treatment (discounted)’

KRW=Korean Won.

*Prior to treating adjuvant therapy, hormone receptor positivity and
bone mineral density (aromatase inhibitors only) should be checked;
'Drug prices of anastrozole and letrozole are KRW 3,951 and KRW
4,417 per tablet as of Oct. 2009; *Adjuvant treatments were assumed
to be continued for 5 years.

Table 7. Annual costs of resource use by breast cancer events
(KRW)

ltem Disease Contralateral Local Distant
free breast recurrence recurrence
cancer
Diagnosis* 0 834,009 834,009 616,200
Surgery and 0 6,027,501 11,262,688 12,995,773
systemic therapy'
Monitoring? 186,520 186,520 186,520 303,533

KRW=Korean Won.

*Diagnosis cost was assumed to occur just once during time staying
a state; 'Costs for surgery and systemic therapy were assumed to
oceur once or in the first year since entering a state; *Monitoring cost
was assumed to occur during one’s lifetime.
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Insurance Statistical Yearbook (NHISY), which is where
the annual payment of the NHI by the disease category
was reported. (2) The annual average treatment costs for
endometrial cancer, thromboembolic events, ischemic
heart disease, hip fracture and other fractures were esti—
mated based on payment of the NHI. Because the newest
version of the NHISY had the statistics as of 2007, we
adjusted these costs to as of 2009 using the Consumer
Price Index.(40) According to the ATAC and BIG 1-98
trials, the frequency of each adverse event varied with
the adjuvant treatments. To estimate the average cost
for treating adverse events by the adjuvant treatment,
the frequency of each adverse events reported in the ATAC
and BIG 1-98 trials was used as weight.

The costs for transportation and care—givers were
included as non—health care costs. To estimate the unit
costs for these items, the data reported from the Korea
National Health and Nutrition Examination Survey
(KNHNES) 2005 was applied. All the costs were adjusted
for 2009. The data of the KNHNES 2005 was multiplied
by the annual Consumer Price Indexes from 2005 to 2009.
The average annual rate of inflation was estimated as
3.3%.

Table 8. Results of the base-case model

Hye-Jae Lee, et al.

Utility values

No previous study in Korea has reported the utility values
by the disease status of women with breast cancer. We
estimated the utility values by pooling the data from the
studies of the UK and US, which investigated preferences

for the disease states associated with breast cancer. (41,42)

Sensitivity analyses

When conducting the deterministic sensitivity analysis,
the key model parameters, including probabilities, cost
and relative risks, were varied from 50% to 150% of the
base—case values. The results for the model timeframe
of 25 yr and a drug price reduction by 10% were also
generated. The role of a discount rate was also examined

in the sensitivity analysis, with the range of 3% to 7%.

RESULTS

Base—case analysis

Anastrozole and letrozole both showed additional health
benefits versus tamoxifen and they were more costly
than tamoxifen as well. In the first model, which analyzed
anastrozole versus tamoxifen, the discounted QALY were

shown as 11.36 and 11.13, respectively, while the discounted

Model 1 Model 2
Anastrozole Tamoxifen Letrozole Tamoxifen
Total expected outcome per patient (discounted)
Cost, KRW 14,445,950 9,260,723 15,404,289 9,419,457
QALY 11.36 11.13 11.37 11.08
Incremental values versus tamoxifen
ACost, KRW 5,185,227 5,984,832
AQALY 0.23 0.28
Incremental cost-effectiveness ratio (ICER, cost per QALY gained)
Overall Population 22,461,689 21,004,142
Subgroup analysis (incremental values versus tamoxifen and ICERs)
Node negative group
ACost, KRW 5,167,850 6,643,269
AQALY 0.26 -0.06
ICER 19,717,770 -120,453,819
Node positive group
ACost, KRW 4,943,735 5,117,340
AQALY 0.20 0.63
ICER 25,015,610 8,150,512

KRW=Korean Won; QALY=quality-adjusted life year; ICER=incremental cost-effectiveness ratio.
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lifetime cost of anastrozole and tamoxifen were Korean
Won (KRW) 14,445 950 and KRW 9,260,723, respectively.
In the second model where letrozole and tamoxifen were
analyzed, the discounted QALY were shown as 11.37 and
11.08, respectively, while the discounted lifetime cost of
letrozole and tamoxifen were KRW 15,404,289 and KRW
9,419,457, respectively. These increases in the expected
cost and health outcome were combined and this produced
an incremental cost—effectiveness ratio (ICER). When
the ICERs of anastrozole and letrozole were compared
in the overall population, it was not confirmative to decide

which treatment was superior because their cost per QALY
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was similar to each other. However, when subgroup analy—
sis was conducted, it became clear that anastrozole was
more cost—effective than letrozole for the node negative
group and letrozole was more cost—effective than anas—

trozole for the node positive group (Table 8).

Sensitivity analyses

Because the costs of adjuvant treatment were a major
part of the total treatment costs for early breast cancer,
cost—effectiveness was sensitive to the reduction of price
of aromatase inhibitors. Also, cost—effectiveness was

relatively sensitive to the probability of death due to dis—

Model 1 (Ana. vs. Tam.)

Parameter value
Low Base case High

Cost per QALY

Base case; KRW 22,461,689

P
Drug cost (10% reduction)

3,555 3,951

n/2 EE——

Model timeframe 25 years lifetime n/a -
Proportion of LR 0.084745 0.16949 0.33898 o -
Proportion of CLBC  0.025425 0.05085 0.1017 I
RR thromboembolism, Tam. 0.95 19 285 I
RRIHD, Tam. 0.575 115 1725 nl
RR hip fracture, Tam. 0.275 0.55 0.825 [} |
RR endometrial cancer, Tam. 2.005 4.01 6.015 [ ] ]
RR thromboembolism, Ana. 0.295 0.59 0.885 I
RRIHD, Ana. 0.645 1.29 1.935 L1 |
RR hip fracture, Ana. 0.795 1.59 2.385 ] E———
RR endometrial cancer, Ana. 0.115 0.23 0.345 1l
Prob. of death due to LR 0.1305 0.174 0.2175 - -
Prob. Of death due to DR 0.195 0.26 0.325 e S
Costsof DR 6,497,887 12,995,773 19,493,660 E=E—
Costsof LR 5,631,344 11,262,688 16,894,032 [ ] ]
Costsof CLBC 3,013,751 6,027,501 9,041,252 1
Costs of monitoring for DR 151,767 303,533 455,300 n
Costs of monitoring for DF 93,260 186,520 279,780 [ 1]
Costs of die from other cause 0 2462887 4925774 - -
Costs of die from BC 0 8788152 17,576,304 I |
Costs of diagnosis for DR 308,100 616,200 924,300 1
Costs of diagnosis for LR~ 417,005 834,009 1,251,014 |
Discount rate 0.03 0.05 0.07 I E—
1
205 215 225 235 24.5
Model 2 (Let. vs. Tam.) Parameter value Cost per QALY
Parameter Low Base case High Base case; KRW 21,004,142
Drug cost (10% reduction) 3,975 4,417 n/a I
Model timeframe 25 years lifetime n/a [}
Proportion of LR 0.084745 0.16949 0.33898 .
Proportion of CLBC  0.025425 0.05085 0.1017 [
RR thromboembolism, Tam. 0.95 1.9 2.85 I
RRIHD, Tam. 0.575 115 1725 m
RR hip fracture, Tam. 0.275 0.55 0.825 .
RR endometrial cancer, Tam. 2.005 4.01 6.015 [ 1]
RR thromboembolism, Let. 0.295 0.59 0.885 [
RRIHD, Let. 0.645 129 1935 I —
RR hip fracture, Let. 0.795 1.59 2.385 — E——
RR endometrial cancer, Let. 0.115 0.23 0.345 n
Prob. of death due to LR 0.1305 0.174 0.2175 -
Prob. Of death due to DR 0.195 0.26 0.325 e ey
Costsof DR 6,497,887 12,995,773 19,493,660 |mrm— ]
Costsof LR 5,631,344 11,262,688 16,894,032 L]
Costsof CLBC 3,013,751 6,027,501 9,041,252 Il
Costs of monitoring for DR 151,767 303,533 455,300 [1]
Costs of monitoring for DF 93,260 186,520 279,780
Costs of die from other cause 0 2,462,887 4925774 L
Costs of die from BC 0 8788152 17,576,304 I I
Costs of diagnosis for DR 308,100 616,200 924,300 n
Costs of diagnosis for LR~ 417,005 834,009 1,251,014 |
Discount rate 0.03 0.05 0.07 I F——
19.0 20.0 21.0 220

Figure 2. Deterministic sensitivity analysis on cost-effectiveness of anastrozole or letrozole vs. tamoxifen. Bars represent range of cost-
effectiveness over range of parameter values examined. Costs are 2009 Korean wons, costs and quality-adjusted life year (QALY) are

discounted at 5%.

Tam.=tamoxifen vs. no endocrine therapy; Ana.=anastrozle vs. tamoxifen; Let.=letrozole vs. tamoxifen.
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tant recurrence, the costs of death from breast cancer,
the RR of hip fracture for aromatase inhibitors versus
tamoxifen and the discount rate. In both models that
analyzed the cost—effectiveness of anastrozole (Model 1)
and letrozole (Model 2), these variables changed the cost—
effectiveness ratio into lower or higher ones, yet no para—
meters made the ICER a negative value, and so the result
was that aromatase inhibitors are inferior to tamoxifen
(Figure 2). Moreover, the narrow range of variation for
the ICER (presented within 2.5 million won) showed that

our base—case results are robust.

DISCUSSION

The cost—effectiveness analysis in this study assessed
the benefits of aromatase inhibitors versus tamoxifen as
primary adjuvant therapy for postmenopausal women
with hormone receptor positive early breast cancer. The
patients were stratified by their nodal status at the time
of diagnosis and the cost—effectiveness of each adjuvant
treatment was estimated for the node negative group and
the node positive group, respectively. A Markov model
was applied using the data from a variety of sources of
published data. Transition probabilities between the defined
states, the lifetime costs related to breast cancer treat—
ments and QALYs as the final health outcome were esti—
mated. The results of this study showed that the aro—
matase inhibitors, anastrozole and letrozole, have more
benefits than tamoxifen. The benefits of anastrozole would
be provided at an incremental cost of KRW 22,461,689 per
QALY gained, while the benefits of letrozole would be
provided at an incremental cost of KRW 21,004,142 per
QALY gained. When the population was stratified by the
nodal status, anastrozole turned out the most cost—effec—
tive treatment option among the adjuvant hormonal ther—
apies with showing an incremental cost of KRW 19,717,770
per QALY gained in the node negative group, while letro—
zole turned out the most cost—effective with incurring
an incremental cost of KRW 8,150,512 per QALY gained
in the node positive group.

There are no explicit guidelines by the Korean govern—

ment specifying a threshold value of cost per QALY gained
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that can be used to determine whether a therapy pro—
vides good value for the money. In the previous studies
in the US, $US 50,000 per QALY was quoted as a threshold
to define cost—effectiveness (KRW 57,500,000 per QALY
at the exchange rate as of January 2010).(42,43) Other
Canadian studies have suggested that therapies with
a cost per QALY gained within $Can 28,000 should be
considered as cost—effective (KRW 30,500,000 per QALY).
In this context, the incremental cost—effectiveness ratios
of this study can be accepted in the Korean context as well.

The distinguishing feature of this study appeared on
the subgroup analysis. Several studies have conducted
a cost—effectiveness analysis for aromatase inhibitors
versus tamoxifen for patients with postmenopausal hor—
mone receptor positive early breast cancer,(42—46) but
none of them were implemented in Asian counties nor
did the studies conduct a subgroup analysis. When anas—
trozole and letrozole were compared in the overall popu—
lation, their difference in cost per QALY was not big enough
to conclude that any of them was superior to the other.
However, after the population was divided by the nodal
status, it became clear to suggest a more cost—effective
alternative for each subgroup. Moreover, letrozole for the
node negative group was inferior to tamoxifen in terms
of the incremental cost per QALY gained, which presented
as a negative ICER,.

Anastrozole and letrozole were introduced around the
same time in Korea with similar prices. They maintained
similar prices in the past, but recently their prices have
largely been reduced through price re—evaluation, and
the introduction of generics has made anastrozole have
a lower price than letrozole by about 10%. We assessed
the cost—effectiveness again under the assumption that
anastrozole and letrozole have same prices with an addi—
tional price reduction of letrozole by 10%. When their
prices were the same, the cost per QALY of letrozole
was significantly lowered from KRW 21,004,142 to KRW
18,204,570 per QALY gained and this was even more
favorable than the base—case results of anastrozole, whose
cost per QALY gained was KRW 22,461,689. The costs
of adjuvant hormonal treatment account for the majority

of the lifetime treatment costs for early breast cancer,
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so the slight change in the drug price influenced the
overall results.

The lack of observed survival benefits as well as long—
term effects on the benefits and toxicities creates chal—
lenges to accurately forecast the cost—effectiveness ratios.
This is a common challenge with modeling and it is gen—
erally resolved with appropriate assumptions and extrapo—
lations. The assumptions can be supported by reliable,
accepted literature or similar sources. In this study, it
was assumed that the relative frequencies of locoregional
recurrence and distant metastases following contralat—
eral tumor would be the same as that in the disease—
free patients according to the previous cost—effectiveness
analysis studies, (23,24) There has been no literature that
has reported the long—term recurrence rate after the
occurrence of contralateral breast cancer.

Indirect cost was considered in this study using the
productivity approach to estimate the cost of pre—mature
death due to breast cancer. The loss of productivity during
hospitalization or a doctor visit was also considered. How—
ever, the population of this study was post—menopausal
women aged 50 and they usually do not participate in
economic activities. Because the estimated loss of pro—
ductivity in terms of lost income among Korean women
aged 50 or older was very small, we did not include these
costs regarding productivity.

To obtain the utility value of the breast cancer states
among Korean women, this study inevitably used pub—
lished data from foreign countries. The health—related
quality of life and utility of Korean breast cancer women
have been reported in several studies, yet these studies
could not be applied to our study. The Korea Institute for
Health and Social Affairs suggested the utilities of the
major chronic disease in Korea including breast cancer,
but the utilities of each breast cancer state were not
reported. (47) The study of Ahn et al.(48) measured the
health—related quality of life for a disease free state after
breast surgery with focusing on the type of adjuvant
treatment or the type of surgery, but the results were
not applicable for this study. When conducting the cost—
effectiveness analysis, it has been accepted to quote for—

eign data for utility or some epidemiological data, but
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further research on this area should be conducted to obtain
more accurate estimates.

There are two methods for the economic evaluation of
pharmaceuticals. One is to use secondary data source,
which is the method used in this study, and the other is
to conduct randomized controlled trials (RCTs) or prag—
matic controlled trials (PCTs) to achieve data on treatment
effectiveness and cost. The methods to conduct RCT or
PCT, however, are not free from caveat. They need con—
siderable resources like time, money and work force. They
have a pre—defined setting such as inclusion criteria of
patients and intervention methods, so their external valid—
ity can be challenged. The long—term follow—up results
from RCT or PCT can hardly be achieved. Additionally,
when we use the local data source, its internal validity
should be considered. For those reasons, using accepted
literatures as secondary data source has sometimes more
benefits than conducting RCT or PCT.

The progress in the methodology of economic evaluation,
therefore, has been focused on how to reduce the bias
from using different sources of data and how to appro—
priately extrapolate lifetime effectiveness and costs. To
use relative risk or hazard ratio with baseline charac—
teristics being controlled for is one of the good practices
for the economic modeling using secondary data. In this
study, we used secondary data source to estimate the
effectiveness of each treatment, but we estimated the
treatment cost in Korean context using the micro—costing
method. We suggest that the results of this study could

be applied to Korean patients.

CONCLUSION

The findings of this study were summarized as follows.
First, anastrozole and letrozole were both cost—effective
treatments compared to tamoxifen. Second, when anas—
trozole and letrozole were compared indirectly in the
overall population, their cost—effectiveness ratios were
too similar to decide which treatment was superior to
the other. Third, when the population was divided by the
nodal status, it became clear that anastrozole was more

cost—effective than letrozole in the node negative group
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and letrozole was more cost—effective than anastrozole
in the node positive group. The decision makers of health
policy need to be careful when generalizing these cost—
effectiveness results to the overall population. The sub—
group results in this context can be used to more effi—
ciently allocate resources and to enhance the value of

the decisions that are made on health policy in Korea.
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= Appendix m [tems on resource use included in this model
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ltems Disease free Contralateral breast cancer Local recurrence Distant recurrence
Diagnosis - Mammography, needle biopsy, Mammography, Blood test, chest X-ray,
breast MRI*, magnification view*, needle biopsy, breast MRI*, bone-scan, bone X-ray,
bone scan*, abdominal CT*, magnification view*, abdominal CT*, chest CT*,
MRI*, FDG PET* bone scan*, abdominal CT*, MRI*, FDG PET*
MRI*, FDG PET*
Surgery and - Neo-adjuvant chemo-therapy/ Neo-adjuvant chemo-therapy/ Endocrinal therapy,
systemic therapy endocrinal therapy, mammography, endocrinal therapy, mammography, chemo-therapy,
breast cancer surgry (mastectomy,  breast cancer surgry (mastectomy, target therapy,
lumpectomy), radiotherapy, lumpectomy), radiotherapy, treatment for bone
chemo-therapy, chemo-therapy, target therapy, metastasis,
hospital admission hospital admission palliative therapy
Monitoring Mammography, Mammography, Mammography, Mammography,
magnification view*, magnification view*, magnification view*, magnification view*,
ultrasonography*, ultrasonography®, ultrasonography®, ultrasonography®, liver function test*,
bone scan* bone scan* bone scan* abdominal CT*, chest CT*,

FDG PET*, MRI*, bone scan*

Source: the Clinical Practice Guideline for Breast Cancer.(38)
*The utilization of resources occurs when needed.



