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high price of the 21-gene RT-PCR assay is not cancelled
out by the reduction of adjuvant chemotherapy.

Costs treating LN~, ER+, ESBC incidence with NCCN/
St Gallen/RS-guided treatment are calculated by the year
taking mortality into account, and incremental costs are
also calculated by the year according to comparisons.
Calculated with these costs, the budget impact of the dif-
fusion of the assay in Japan is cstimated as ¥2,638 million
(US523 million) to ¥3,225 million (US$28 million).

Discussion

We evaluate the cost-effectiveness of the 21-gene RT-PCR
assay in Japan's health care system with two scenarios
depicting status quo and one scenario of the routine use of
the assay for LN—, ER+, ESBC. Our economic model
indicates that the diffusion of the assay gains more in terms
of outcome but costs more at the same time. The estimated
ICERs, 2,997,495 ¥/QALY (26,065 USS/QALY) and
1,239,055 ¥/QALY (10,774 USS/QALY), comparing
NCCN/St Gallen-guided treatment with RS-guided treat-
ment, respectively, are not more than a suggested social
willingness-to-pay for one life year gain from an innova-
tive medical intervention in Japan, 6,000,000 ¥/QALY
(52,174 USS/QALY) [36]. Sensitivity analyses show that
this result is plausibly robust, since ICERs do not exceed
the threshold by various changes of assumptions made or
values employed. In this sense, the assay has good value
for money.

Incremental effects in terms of QALY are longer than
those in terms of YOLS; and ICERs in terms of yen per
QALY are smaller than those in terms of yen per YOLS in
both comparisons. These imply that the assay is not only
efficient in prolonging survival but also improving quality
of life.

Our sensitivity analyses also reveal that the price of the
assay is one of the major determinants of cost-effectiveness
as expected. An intuitive comparison with the price of a
conventional gene diagnosis test of malignant tumour in
Japan, ¥450,000 (US$3,913) vs, ¥20,000 (US$174), seems
1o make a health manager feel it difficult to reimburse the
cost of the assay by the social insurance, because there may
be an incompatibility to an incremental manner of revising
fee schedule. Our study, however, implies that the price
offered by Japanese supplier of Onconype DX® Breast
Cancer Assay still makes ICER an acceptable level from
the viewpoint of welfare economics.

We estimate the budget impact of the assay on the social
health insurance system. The policy implication of the
budget impact is not preseriptive [37], Yet, the estimated
impact, ¥2,638 million (US$23 million) to ¥3,225 million
(USS28 million) per year for the coming 5 years, is

substantially less than the estimated budget impact of
adjuvant trastuzumab, which is about to be included into
social insurance benefit, ¥16,000 million (US$139 million)
to ¥32,000 million (US$278 million) [38]. The character-
istics of the assay of which application is limited to only
once per case probably contribute to this difference, since
the cost of trastuzumab amounts through its repeated
administration. This implies that the diffusion of the assay
through listing as an approved diagnostic test by the social
health insurance could be justifiable.

The past economic evaluation of the assay reported from
the U.S. considers a change from NCCN-guided treatment
to RS-guided treatment [19], while our model allows a
comparison between NCCN-guided treatment and St Gal-
len-guided treatment as an ex ante scenario. We find a
notable difference in ICERs in this comparison, The ICER
of the change from St Gallen-guided treatment is more
favourable than that from NCCN-guided treatment. This is
interesting because the reduction of use of adjuvant che-
motherapy according to the reclassification from St Gallen
criteria, 26%, is smaller than that from NCCN, 43%. The
difference in ICER is due to more gain in the outcome.
Although caution is needed in transferring the findings
from economic models to any different context [39], our
model might indicate that the assay has better value for
money in countries where St Gallen-guided treatment is
widely used.

However, this study has its own limitations. First, our
outcome estimation depends on the validation studies car-
ried out in the US. Although the evidences adopted are
considered as the best available knowledge, it is needless to
say that there are differences in population, as well as in
cancer care practice between the U.S. and Japan. With this
in regard, another validation study employing Japanese
historical clinical trial data with the gene assay of pre-
served tumour tissue is launched [20]. A further economic
evaluation incorporating new evidences is necessary to
confirm the findings of this study. Second, utility weights
adopted here are also derived from Western countries due
to an unavailability of data from Japan. Third, our model
does not include potentially costly clinical stages such as
local recurrence or contralateral breast cancer due to the
lack of data in validation studies. Regarding these short-
comings, reports and data that refines the model are
awaited. Fourth, consensus guidelines are renewed con-
tinuously by incorporating newly available evidences
[11,41], so that the relative usefulness of the assay may be
diminished in the near future, or the assay may be incor-
porated in the guidelines in a long run,

The use of the 21-gene RT-PCR assay has just begun to
have an impact on clinical recommendations made by the
U.S. oncologists and patients’ choice [42]. It is easy to
imagine that similar change in practice will occur in Japan
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soon, because patients have strong preference to innovation
such as tailor-made medicine [1]. As the prognostic use-
fulness of the 21-gene RT-PCR assay in guiding treatment
for lymph-node-positive cases is recently reported [43], the
indication of the assay will expand. Further economic
evaluation that responds to this contextual change may
become imperative,

Once the usefulness of the assay is confirmed by the
Japanese validation study, Japanese health manager inevi-
tably needs to decide how to fit the assay to the health care
system. The results of this study imply the possibility of
coverage by the social insurance. If health manager gives
much importance to fiscal policy or cost containment, the
selective indication of the assay for higher risk patients,
which results to avoid additional use of adjuvant chemo-
therapy, might be a potential option. Further analysis
incorporating such scenarios may be useful.

In conclusion, the routine use of the 21-gene RT-PCR
assay for LN—, ER+, ESBC is indicated as cost-effective
with a fundable level of budget impact in Japan. The results
could inform health managers in developed countries
where NCCN-guided treatment as well as St Gallen-guided
treatment are practiced.
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Raloxifene was approved for chemoprevention against breast cancer among high-risk women in addition to tamoxifen by the US .
Food and Drug Administration, This study aims to evaluate cost-effectiveness of these agents under Japan's health system. A cost- -
effectiveness analysis with Markov model consisting of eight health states such as healthy, invasive breast cancer, and endometrial
cancer is carried out. The model incorporated the findings of National Surgical Adjuvant Breast and Bowel Project P-1 and P-2 trial.
and key costs obtained from health insurance dlaim reviews. Favourable results, that is cost saving or cost-effective, are found by both
tamoxifen and raloxifene for the introduction of chemoprevention ameng extremely high-risk women such as having a history of
atypical hyperplasia, a history of lobular carcinoma in situ or a 5-year predicted breast cancer risk of 2501% starting at younger age,
whereas unfavourable results, that is ‘cost more and gain less' or cost-ineffective, are found for women with a 5-year predicted breast
cancer risk of <5.00%. Therapeutic policy switch from tamoxifen to raloxifene among postmenopausal women are implied cost-
effective. Findings suggest that introduction of chemoprevention targeting extremely high-risk women in Japan can be justifiable as an
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Several clinical trials have demonstrated the effectiveness of
prophylactic administration of selective oestrogen receptor modu-
lators (SERMs) such as tamoxifen (Fisher et al, 2005; Cuzick et al,
2007; Powles et al, 2007; Veronesi ef al, 2007b) and raloxifene
(Cauley er al, 2001; Martino er al, 2004; Vogel et al, 2006) in
reducing incidence of breast cancer among women at high risk of
developing the disease. Tamoxifen was approved for prophylaxis
by the US Food and Drug Administration in 1998, and raloxifene
was also approved for postmenopausal women in 2007,

Tamoxifen reduces the risk of breast cancer whereas increasing
the risk of adverse events such as endometrial cancer and
pulmonary embolism. Raloxifene is a second-generation SERM
usually used for osteoporosis treatment, and it reduces the risk of
invasive breast cancer with a lower risk of known adverse events
associated with SERMs, compared to tamoxifen. This is because
raloxifene does not induce the unwanted stimulation of endo-
metrium (Delmas et al, 1997). Therefore, raloxifene is considered
to have a better clinical property as prophylactic agent, although it
is inferior to tamoxifen in preventing noninvasive breast cancer.
More women at high risk of developing breast cancer are expected
to take raloxifene as their breast cancer prevention drug in the
United States {Bevers, 2007).

*Correspondence: Dr M Kondo; E-mail: mkondo@md tsukubaacjp
Received 2 September 2008; revised 25 November 2008; accepted 5
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efficient use of finite health-care resources, possibly contributing to cost containment.
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However, both of these agents have been neither approved nor
made available for its use as breast cancer prevention in Japan,
although experts have shown their expectations (Iwata and Saeki,
2006). Tt is said that there are five hurdles to overcome in
addressing intervention in the diffusion process of new drug
quality, safety, efficacy, cost-effectiveness, and affordability (True-
man ef al, 2001). This paper aims to present evidence to the fourth
hurdle, cost-effectiveness of both agents, under Japan's health
system, Although cost-effectiveness of prophylactic use of
tamoxifen has been reported from the USA (Noe ef al, 1999;
Grann et al, 2000; Smith and Hillner, 2000; Hershman et al, 2002;
Melnikow et al, 2006) and Australia (Eckermann et al, 2003), that
of raloxifene has not been published to date except as a part of
economic evaluation of « porosis management (Armstrong
et al, 2001; Kanis et al, 2005). This paper also simulates a
therapeutic policy switch from tamoxifen to raloxifene among
postmenopausal women to illustrate the relative value of
raloxifene. Consequently, it should have implications to the
developed countries where chemoprevention with tamoxifen is
already in practise.

METHODS

We conduct a cost-effectiveness analysis with Markov modelling
based on the findings of the National Surgical Adjuvant Breast and
Bowel Project (NSABP) P-1 trial (Fisher er al, 2005), the NSABP
P-2 trial (Vogel et al, 2006), and the literature on costing under
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Japan's health system including sensitivity analyses from societal
perspective. Although longer follow-up results for tamoxifen are
reported from the first International Breast Cancer Intervention
Study (IBIS-I; Cuzick er al, 2007) and the Royal Marsden trial
(Powles et al, 2007), NSABP P-1 trial with a shorter follow-up
period is chosen as clinical evidence for our modelling to make
clear comparisons with NSABP P-2 trial of raloxifene. The long-
term outcomes for tamoxifen (Veronesi et al, 2007a) are
considered in our sensitivity analyses. We use TreeAge Pro 2008
(TreeAge Software Inc.) for our economic modelling.

High-risk women

We model high-risk women according to the risk classifications
featured in the report of clinical trials: three levels (=1.66, 3.01-
5.00%, =5.01%) of a 5-year predicted breast cancer risk, with a
history of lobular carcinoma in situ (LCIS), and with a history of
atypical hyperplasia (AH). A 5-year predicted breast cancer risk of
an individual woman used in the trials is based on Gail et al model
2 (Gail and Costantino, 2001), which is validated for white women
{Rockhill er al, 2001) and African American women (Gail er al,
2007), to date. We assume the same model is good for Japanese
women.

We also model the ages of starting prophylaxis: 35, 50, 60 years
old for tamoxifen, and 50, 60 years old for raloxifene taking the
menopause into account.

Markov model

We construct a Markov model of courses followed by high-risk
women, which is shown in Figure 1. Eight health states are
modelled according to clinical events monitored and found
significant in P-1 trial and P-2 trial: (1) healthy; (2) invasive
breast cancer; (3) noninvasive breast cancer, (4) endometrial
cancer; (5) pulmonary embolism; (6) cataract; (7) hip fracture; and
(8) dead. Healthy women at high risk of the disease, women with
invasive and noninvasive breast cancer are the target health states
for chemoprevention. An increase in risk of endometrial cancer,
pulmonary embolism, and cataract are known as adverse effects of
SERMs, whereas a decrease in risk of hip fracture is known as a
beneficial effect. Transitions between health states are indicated
with arrows.

The time span of each stage is set at ] year, since trials report
annual incidence rates. Markov process is repeated until death or
age 100, whichever comes first, since all events are expected to
occur within this time horizon. Women who survive after the age

//

of 100 years are assumed to die regardless of breast cancer
development.

Chemoprevention

Prophylaxis with SERMs is continued for 5 years, or discontinued
in case of adverse events, which is similar to the regimen employed
in clinical trials.

Comparisons

We compare outcomes and costs in terms of incremental cost-

effectiveness ratios (ICERs) between status que in Japan, without

prophylaxis, and hypothetical practise, with prophylaxis, by the

agent (tamoxifen and raloxifene), the risk classification, and the

age of starting prophylaxis.
Costyi ok — Costua

Eﬂeﬁnwmm EHEEI-(MMM

ICER =

We also compare prophylaxis with tamoxifen and prophylaxis with
raloxifene to estimate the relative value of raloxifene to tamoxifen,
although this does not depict any marginal change in Japan.

Outcome estimation

Outcomes in terms of life years gained (LYGs) and quality adjusted
life years (QALYs) are estimated by assigning transitional
probabilities and utility weights to Markov model from the
literature.

Transitional probabilities from healthy state to disease states in
Markov model are shown in Table 1 according to the findings from
the clinical trials. Risk reduction effect of SERMs is assumed to
continue during the 5-year course of prophylaxis,

Table 2 summarises other assumptions such as transitional
probabilities from disease states to dead state and utility weights
used in Markov model. The share of clinical stages of invasive
breast cancer at diagnosis are adopted from a nationwide survey
on breast cancer screening (Japan Cancer Society, 2007), of which
prognosis is calculated from corresponding follow-up cases at
Tokyo Metropolitan Cancer and Infectious Disease Centre
Komagome Hospital. The prognosis of endometrial cancer is also

dopted from a nat ide cancer registry (Japanese Society of
Obstetrics and Gynecology, 2000). The prognosis of pulmonary
embolism and hip fracture are taken from Sakuma et al (2004);
Kitamura et al (1998), respectively. Japanese female population

\\

Invasm lenvasm ngJ Puh'nonary
\ g,ad

Figure | Markev model
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Table | Transitional probabilities from healthy state to disease states in Markov model
Placebo Tamoxifen Raloxifene
Range tested in Range tested in
Base-case Base-case sensitivity Base-case sensitivity
value  Source value analysis* Source value analysis* Source
Irvasive breast cancer
Five-year predicted breast cancer risk 3 1.66%
Age of starting prophylaxds
35 000632  Fishereral (2005) 000404  0.00235-00064|  Fisher et ol (2005)
50 000587  Fishereral (2005) 000333 000168-000573 Fisher et ol (2005) 000310  Q00184-0.00490 Fisher et al (2005),
Voge! et af (2008)
60 000668  Fisheretof (2005) 000330 000185-000567 Fisheretol (2005) 000366 QO00213-000585 Fisher et of (2005),
Vogel et of (2006)
Five-year predicted 00045|  Fisheretof (2005) 000270  0.00108-000534 Fisheretal (2005) 000203  000101-00034% Fisher et of (2005),
breast cancer risk Vogel et ol (2006)
301 -500%
Five-year predicted 001198  Fishererol (2005) 000515  0.00245-000893 Fisher eral (2005) 000561  000323-0008%4 Fisher et of (2005),
breast cancer nsk Vogel et ol (2006)
2501%
Histery of lobular 001170 Fishereral (2005) 000627  000161-00147¢ Fiheretol (2005) 000614  000239-001226 Fisher et of (2005),
carcinoma fn situ Vogel et ol (2006)
History of atypical 00|042  Fisheretal (2005) 000255  000029-000686 Fisheretol (2005) 000286  0.00133-000523 Fisher et of (2005),
hyperplasia Vogel et al (2008)
Moninvasive breast 000012  Fisheretof (2005) 000004  00000D-000652 Fishererol (2005) 000006  000003-000009 Fisher et ol (2005,
cancer Vogel et al (2008)
Endometrial cancer
Age of starting prophylaxis
35 000082  Fisheretal (2005) 000116  000010-000410  Fisher et ol (2005)
50 and &0 000058  Fisher et ol (2005) 000308  000061-0005%1 Ficheretal (2005) 000194  0Q.00065-0.00403 Fisher er ol (2005),
Vaogel et of (2006)
Pulmonary embolism
Age of starting prophylads
35 000013 Fisheretof (2005) 000025  O00000-000420  Fisher er of (2005)
50 and 60 000044  Fisher et ol (2005) 000096  0.00020-000275 Fisher eral (2005) 000061  0.00028-0.00114 Fisher et af (2005),
Vogel et of (2006)
Cataract 002285 Fishereral (2005) 002775  002384-003206 Fishereral (2005) 002192  0.01735-0.02734 Fisher et of (2005),
Vogel et of (2006)
Hip fracture 000086  Fishererol (2005) 000059  000022-000122 Fisheretol (2005) 000052  000016-000115 Fisher et of (2005),
Vogel et of (2006)

|5 times of 95% confidence intenval.

mortality rates from Vital Statistics (Ministry of Health, Labour
and Welfare, 2005a) are applied for other transitions to dead state.

It is more preferable to adopt utility weights from a consistent
study that assesses our six disease states in Japan, but there is no
Japanese utility weight in the literature to date, which may be
applied to any health states in our model. To illustrate the typical
patient states, we adopt the weights assessed in developed
countries considering them as the best available knowledge, and
choosing them under the consensus of staff doctors at Tokyo
Metropolitan Cancer and Infectious Disease Centre Komagome
Hospital (de Koning et al, 1991; Hillner et al, 1993; Smith and
Hillner, 1993; Grann et al, 1998; Earle et al, 2000; Armstrong et al,
2001; Chau et al, 2003; Cykert et al, 2004; Naeim and Keeler, 2005;
Ruof et al, 2005).

Outcome is discounted at a rate of 3%.

Costing

From societal perspective, costing should cover the opportunity
cost borne by various economic entities in the society. In the
context of this study, costs borne by women or third party payers
including the government and social insurers are considered,
although there is no particular assumption about who bears the
cost of chemoprevention. According to the national medical care

€ 2009 Cancer Research UK

fee schedule, the amount of direct payments to health-care
providers is estimated as cost, whereas costs to sectors other than
health and productivity losses are left uncounted.

Health states are identified as cost items in Markov model.
Table 3 summarises the cost of each health states. Being in healthy
state, women with chemoprevention take 20 mg per day, ¥82.6
(£0.41; £1 =¥200), of tamoxifen, or 60 mg per day, ¥148.5 (£0.74),
of raloxifene, prescribed regularly for 5 years, and annual
mammography checkup. Women without chemoprevention also
undergo annual mammography checkup. Although the state is
labelled as ‘healthy’, it includes all other diseases that are not
modelled in Markov model. Annual treatment costs by the age
stratum are approximated by annual health-care expenditure per
woman adopted from National Health-Care Expenditure (Ministry
of Health, Labour and Welfare, 2005b). As it is well known that the
cost of health care in the last year of life tends to be large, these are
shown separately after an adjustment based on Fukawa (1998).

Table 3 also summarises the treatment cost of invasive breast
cancer by the age stratum. In the case of cancer care, the cost in the
first year after diagnosis tends to be large as well as in the last year
of life, so here again, the costs are shown separately. These figures
are obtained from insurance claim reviews at Tokyo Metropolitan
Cancer and Infectious Di Centre K 1e Hospital. As to
the cost of the first year, recent breast cancer cases of stage I and
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Table 2 Assumptions used in Markov mode!
Range tested
In sensitivicy
Assumption analysis Source
Tronsitional probobilities from disease stotes to dead state
Invistve breast cancer 0-5 years after dagnosir prognotis of japanese breast  Change by 2508 Calulated fom follow-up patients at Komagome
@ncer patients by the Hospital
Stage |- 00074, 00155, 00113, 0.0218, 0.0254
DD248, 00289, 00145, 001632
Stage |i: 0.0054. 0.0474, 0.0570, 0.0334, 0.0398,
00321, 0.0275, 0.0295, 004672
(Proportions of stage at diagnosis are assumed Change by £ 50%  Japan Cancer Society (2007)
stage | as 72% and stage Il as 20%)
Thereaftar Gpanece famale population mortality rates  Change by 250%  Ministry of Health, Labour and Weifare {2005a)
Neoninvase breast cancer Japanass famale population mortality rates Changs by £50%  Ministry of Health, Labour and Walfare (30053)
Endometnal cancer 0-4 years after diagnoss: prognoss of lapaness Changs by 250%  Japanece Society of Obstetrics and Gynecology (2000)
endometnal cancer patients 00660, 0.0546, 00328,
002613
Thereafter apanese female population mortality rates  Change by £50%  Ministry of Health, Labour and Walfare (20052)
Pulmonary embaolsm 0 year after diagnesis 008 Change by £50%  Saluma # of (2004)
Thereafier: apanese female population mortality rates  Change by $ 50%  Ministry of Health, Labour and Welfare (2005a)
Cataracts lzpanesa female population mortality rates Change by +50% Mmistry of Health, Labour and Welfare (2005a)
Hip fracture 0= years sfter dagnovs O | and 019, respectively  Change by £50%  Kitamura et of (1598)
Thereafter: Japanese farmale population mortalty rates  Change by £ 50%  Mmnistry of Health, Labour and ‘Welfare (20053)
Uifiey weights
Heakthy 1.00 Change by £ 20%
Healthy under 099 Change by £20%  Smith and Hiliner (1593). Hillner et of (1993),
chemoprevention for 5 years Nasim and Keeler (2005)
Invasive breast caner 0 year after diagnosis 087, thereafter: 0.89 Change by 220%  de Koning et ol (1991), Grann &1 of (1598)
MNonimvasive breast cancer 098 Change by £20%  Earde e of (2000)
Endometral cancer O year after diagnosis 053, thereafter 0,58 Change by 220%  Armstrong et of (2001), Cykart et of (2004)
Pulmonary embalism 070 Change by £20%  Chau 1 ol (2003)
Catarart 096 Change by £20%  Ruof et of (2005)
Hip fracture 0=1 years after diagnosic 061 and 0592, respectivaly Change by £20%  Armstrong et of (2001)

stage IT that have undergone initial treatment with a follow-up of |
year are retrospectively selected so that each age strata has 40
cases. As to the yearly cost of the second year and thereafter, 40
cases for each age strata are randomly selected from follow-up
cases initially diagnosed as stage [ and stage I1. As to the cost of the
last year of life, recent 80 fatal cases are retrospectively selected, as
the number of these is relatively limited. [nsurance claims of these
total of 400 cases for 1 year are reviewed to calculate average
annual costs by the age strata. Then an adjustment is made to
include the cost of prescription to be filled at external pharmacies,
such as in the case of adjuvant hormonal therapy, which is based
on the consensus among staff doctors.

Costs of disease states are summarised in Table 3 as well.
Treatment costs of noninvasive breast cancer, endometrial cancer,
cataract, and hip fractures are adopted from a background study
for the development of Japanese prospective payment system to
health-care providers, diagnosis procedure combination (Matsuda
and Ishikawa, 2003), whereas treatment cost of pulmonary
embolism is adopted from Fuji et al (2005).

Costs are also discounted at a rate of 3%.

Sensitivity analyses

To deal with the uncertainty of probabilities, utility weights, and
costs used in our economic model, one-way sensitivity analyses are
performed. Transitional probabilities from healthy state to disease
states shown in Table | are varied in 1.5 times of 95% confidence
intervals (CI) rtporled from the clinical trials. 95% CI is often used
for similar exercises of sensitivity analyses, but we set wider range
for the applicability of the clinical trial data to Japanese women.
The other probabilities shown in Table 2 are changed by + 50%.
Utility weights are changed by +20%, and we think this could

Bnitish jounal of Cancer (2009) 100(2), 28/ -290

cover the difference between the utility weights of Japanese women
and those of the other developed nations, Costs shown in Table 3
are changed by = 50%. Discount rate is also changed from 0 to 6%.

Acknowl the long-term outcomes for tamoxifen in the
IBIS-I trial (Cuzick er al, 2007) and the Royal Marsden trial
(Powles et al, 2007), risk reduction effect of tamoxifen is prolonged
from 5 to 10 and 15 years without any risk increase of adverse
events after the completion of prophylaxis.

RESULTS

Outcomes

Table 4 shows the results of cost-effectiveness analysis comparing
prophylaxis with no prophylaxis.

In the comparison between prophylaxis with tamoxifen vs no
prophylaxis, most outcomes in terms of LYGs are increased by
chemoprevention except for women with a 5-year predicted breast
cancer risk of >1.66% starting at age 50, and women with a 5-year
predicted breast cancer risk of 3,01 -5.00% starting at age 50 and
60. Outcomes in terms of QALYs are also increased except for
women with a 5-year predicted breast cancer risk of >1.66%
starting at age 50 and 60, women with a 5-year predicted breast
cancer risk of 3.01-5.00%, and women with a history of LCIS
starting at age 60 The largest outcome gain in terms of QALYs,
0.105, is est: with a history of AH starting at
age 35,

Between prophylaxis with raloxifene ¥s 0o prnphyl.uu. all
outcomes in terms of LYGs are inc
Outcomes in terms of QALY are increased !ch:ll for women with
a 5-year predicted breast cancer risk of = 1.66%, and women with
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Table 3 Costs (¥)
Healthy Breast cancer
Range tested in Range tested
Base-case Base-case In sensitivity
value analysis Source value analysis Source
Tamandfen 30149 Change by £ 50% Drug price fst, etc
Ralovifene 54203 Change by + 50%
Prescription-+annual 44580 Change by +50%
Annual mammography 15520 Change by £ 50%
Ages 35-49
First year after dagnows 1978 064 Changs by £ 50%
Yearly cost 383743 Change by £50%
Ages 35-39 81937 Change by +50%
Ages A0—4+4 94529 Change by £ 50% Ministry of Health, Insurance
Labour and Welfare clam
(2005k), Fuawa review
(199
Ages 45-49 110604 Change by 50%
Terminal care cost. last year of life 5495224 Change by £ 50%
Ages 35-39 352331 Change by £ 50%
Ages 4044 406 474 Change by £ 50%
Ages 45-49 475599 Change by £ 30% Change by 50%
Ages 50-64
First year after diagnosis 2211083 Changs by+50%
Yearly cost 542857  Change by+50%
Ages 50-54 151 625 Changeby£50%  Ministry of Health, Insurance
Labour and Welfare clairn
(2005b), Fukawa review
(1998)
Ages 55-59 195085 Change by £ 50%
Agas 6064 256723 Changs by 50%
Terminal care cost, last year of ife 4106271 Changs by +50%
Ages 50-54 £51985 Change by  50%
Ages 35-39 838865 by +50%
Ages 6064 1112510 Change by £ 50%
Ages 65-79
Frst year afier diagnosis 1530 259 Change by £ 50%
Yearly cost 441438 Changs by+50%
Ages 6589 324347 Changs by £ 50%
Ages T0-74 460617 Change by £ 50% Ministry of Health, Insurance
Labour and Welfare claim
(2005h), Fukawa review
(1598)
Ages 75-79 547 264 Change by £ 50%
Terminal care cost last year of life 3252302 Change by £50%
Ages 6569 1394690 Change by £ 50%
Ages 70-74 1980653 Change by £ 50%
Ages 75-79 2361923 Change by % 50%
Ages 80+
First year after diagnosis Ministry of Health, 561 18I Change by + 50% Insurance
Labour and Welfare claim
(2005b), Fukawa review
(1598)
Yearly cost 185 151 Changs by £50%
Ages 80-B4 576290 Change by £ 50%
Ages B5-BF E4T 941 Change by £ 50%
Ages 90-94 557425 Change by £ 30%
Ages 95100 485059 Change by  50%
Terminal care cost, last ysar of life 427042 Change by £ 50%
Ages BO-B4 2478049 Crange by +30%
Ages B5-89 2784 147 Change by 1 50%
Ages 90-94 2396543 Change by £ 50%
Ages 95— 100 1999754 Change by 2 50%
€ 2009 Cancer Research UK British Journal of Cancer (2009) 100(2), 28| -2%0
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Table 3 (Contnued)

Diseases
Base-case value Range tested in Source
sensitivity analysis

Norimvasive breast concer surgery, etc 847928 Change by £ 50% Matsuda and Ishiawa
(DPCOR001 03202000+ (2003)
resmbursements by FF5)

Endometnol concer
Total hysterectomy, etc 1183839 Change by 2 50% Matsuda and Ishikawa
(DPC 1 2002030 | xhort (2003)
rembursameants by FFS)

Fulmonory embolism
Total 469890
(Dragnoss) (52 330) Change by 2 50% Fuji et of (2005)
(Treatrment) (417 340)

Catoroct
Surgery. ete (DPC 0201 103:01x 309120 Change by £50% Matzuda and ishilawa
000-+remmbursements by FFS) (2003

Hip frocture
Surgery, et (DPC 1533 195 Change by £ 30% Matsuda and Ishikawa
16080030 o+ {2003)

reimbursamarns by FFS)

DPC: diagnosts procedure combmation: FFS: fee for service

a S-year predicted breast cancer risk of 3,01-5,00%. The largest
outcome gain in terms of QALYs, 0.058, is estimated among
women with a history of AH starting at age 50.
Table 5 shows the results of cost-effectiveness analysis of
therapeutic policy switch from tamoxifen to raloxifene.
Raloxifene is consistently superior to tamoxifen across
presented risk classifications and starting ages of prophylaxis.

Costs

In the comparison between prophylaxis with tamoxifen vs no
prophylaxis (Table 4), cost savings are estimated in higher risk
classifications, among women with a history of LCIS or AH,
starting at younger age. The largest saving, Y367 901 (£1840), is
estimated among women with a history of AH starting at age 35,
Between prophylaxis with raloxifene vs no prophylaxis, prophy-
are found more costly. A cost saving of ¥10387 (£52) is
estimated among women with a history of AH starting at age 50.
When considering the therapeutic policy switch (Table 5), the
use of raloxifene is consistently more costly than tamoxifen, as
anticipated by the difference in price of agents.

Cost-effectiveness

There is a suggested criterion for cost-effectiveness in Japan
(Ohkusa, 2003) to be ¥6000 000 (£30000) for one QALY gain, and
both Tables 4 and 5 report judgements with this criterion.

In the comparison between prophylaxis with tamoxifen vs no
prophylaxis, favourable results, that is ‘cost less and gain more' or
cost-effective, are obtained in higher risk classifications starting at
younger age. Those are: women with a history of AH regardless of
starting age, women with a history of LCIS starting at age 35 and
50, and women with a 5-year predicted breast cancer risk of
=5.01% starting at age 35 and 50,

Similar results are found between prophylaxis with raloxifene
vs no prophylaxis. Favourable results are: women with a history of

Britich journal of Cancer (2009) 100(2), 28! =250

AH regardless of starting age, women with a history of LCIS
starting at age 50, and women with a 5-year predicted breast cancer
risk of 2 5.01% starting at age 50.

As shown in Table 5, ICERs for the therapeutic policy switch of
prophylactic agent from tamoxifen to raloxifene varies from
¥ 1839670 per QALY (£9198 per QALY) to ¥6771 100 per QALY
(£33856 per QALY). The larger ICER is yet still close to the
suggested criterion of ¥ 6000 000 per QALY (£30000 per QALY).

Stability of cost-effectiveness

One-way sensitivity analyses produce similar results across the
agents, the risk classifications and the ages of starting prophylaxis.
Therefore, we draw a cost-effectiveness plane to show the
comparisan between prophylaxis with raloxifene vs no prophylaxis
among three risk classifications as an example: women with a
S-year predicted breast cancer risk of >5.01%, women with a
history of LCIS, and women with a history of AH.

Figure 2 plots three base-case values and 306 results (102
changes of variables x three different risk classifications). Line OA
indicates the threshold of favourable ICER compared to the
suggested criterion of ¥6000000 (£30000) for one QALY gain.
Most results are plotted close to base-case value, which suggest the
stability of our model, Results for women with a history of AH
remain constantly favourable being cost saving or cost-effective by
the change of variables except for one plot shown as in area B.
However, several results for women with a S-year predicted breast
cancer risk of >5.01% and for women with a history of LCIS cross
the threshold line, the vertical axis or the horizontal axis from the
base-case values. Three plots in area B and seven plots in area C
indicate that results turn unfavourably, that is cost-ineffective or
‘gain less’, whereas plots in area D show that results become cost
saving,

Our model is most sensitive to the utility weight for healthy
state under chemoprevention, of which plots are drawn in area B,
Its change to 079 turns incremental -effectiveness into

€ 2009 Cancer Research UK
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Table 4 Results of cost-effectiveness analysis (1)

Incremaental eost-

CoCost (¥) Effectiveness (LYGs) Effectiveness (QALYs) wffactiveness ratio

No prophylaxis v
prophylaxis Neo Mo No
e i prophytaxts T Mo b | prophylesta T e | prophylads T i I (YLYG)  (HQALY)
Fspsr predicied breost conces ndh 3 | 66%
Startng at age 35 13958 679 13983 626 24947 5916 25953 ao3? B 285759 oo G7B210  |4247 447
‘Starong at age 30 17630814 17751353 120538 2168 167 —aoel 2040 21000 ~0040 Costrnere. Comtmers,

gan len gEin len
Sarengatage 80 J0 60906  J03347%4 163388 16606 16807 Qoo 16688 18.654 -0.034 120849008 Cent more

a0 e
Fmyear predicred Dreest concer nsk 301 = 500%
Starvng at age 35 13 6I7472 136852368 5789 26005 6035 Qac3o 2879 BEN 0007 1945092 Ceostmore,
2 len

Starng at age 50 17579407 17731900 153493 195 2185 -ooio 22088 noey -0.051 Cest more,  Comtmore

g less gan lexs
Smring atage 60 20251937 20444 14| 192203 18808 18797 =001 18718 15 648 0052 Cont more,  Cont more

gan fen gan lens

Fimymor pracicied Dreost concer rak D 501%

Stargng 3t age 35 14 956 349 14 667969 ~1B8 380 75651 15755 ] 2579 25480 (o84 Cont len Cont less.
g0 more  gan more
Seartng 3 age 50 ITBLT 145 17800766 —-66379 22049 nees 0047 21832 21E54 ooz Contlen Cost less
Janmore  gan more
Startng ot age 60 19958431 20058020 99657 18797 18625 i) 16614 fBSIE Coge I54B047 26648011
Hestoey of bbulor cargnoma in sty
Startng a1 age 35 14908314 14717 849 ~ 190 &85 25663 15747 0os3 1541s 15471 0058 Cent lest. Cont len
gun more §an moe
Swregatage 50 754158 I7RSOTR2 -5385 12054 72085 ool 21841 21843 002 Cortlews,  Costless
junmore jain more
Startngatage 80 19986466 20093210 124745 18798 IBEIS coy 18616 18.606 =001l TIRRTN Contmore
N less
Hastory of atypecal hyperbicio
Startng ot age 33 14 657003 14319 102 —3&67901 BTN 15544 o2 15453 15598 005 Con less Cost less.
fain more fain more
Startng at age 50 17806095 17692020 =1 14075 e ¥ Cox0 11654 N5 Qo8 Comiess.  Comless
B more  gain more
Startng ot age 60 0015243 W8T Bl 4B5 |EBO0 I6E37 coa? 1835 18851 cols 226684 SIM T
No prophylaxis vs
prophylas wich Mo HNo MNa
b progiby " " ! prophy o L | prophylaxis  Raloxf " | (¥LYG) (HQALY)
Fresynor prodicted Sreom concer nsk 2 | 44%
Sartng ot age 50 I763081= 17833020 202208 22168 1% 0z 1040 007 -0013 9154382 Cost more
£ les
Startng at age 60 20 160904 20477 364 254480 16804 18822 ooié 16,888 [B&70 ~QOIE 168062858 Cost morg
§an lesy
Five-yeor predicted breast cancer risk 301 - 5.00%
Strtng at age 50 17579407 17TH4 890 115482 21195 12214 oo 12088 7o =-Qoiy 11599422 Cost more,
§an lesy
Starting 3t age 60 0251537 20539452 277515 8608 [[F-¥ie ooz 1B718 18654 -002s 84559 Commore,
§an lem
Frve-year precicted breast concer sk 2 5.01%
Startng ot age 50 17887 144 17911 198 44053 22049 201 Qos2 21632 218 aex 705126  |123g80*
Starvng ot age &0 19955433 20161 BE8 03455 18797 16839 0042 16414 18,633 ogig AB4BETT 10654954
Higory of lobular cortinoma in ity
Startng at age 50 17856158 17935857 79540 12054 ZLI07 oos3 21841 11687 (v 1496425  T904 386
Starting at age &0 19985444 20 185549 2B 083 16738 18633 co3s 1-1-1}-] 18428 oelo &133 167 21442785
Hisory of etypecal hyperplosie
Starting at age 50 780095 17795708 - |0387 12078 7115 oa7? 21 B4 21542 0058 Cest lens, Cost less,
gunmore  gain more
Starting at age &0 0015243 0198 726 183085 18800 18852 0052 16635 16668 0o3s 1577453 5570154

"Cost-effactive when compared 10 a suggested critenion in Japan (Ohlassa, 2003) of Y6000 000 for one QALY gan.

negative, Critical values to change the judgement are 0.98, which  history of AH ‘gain less'. The model is also sensitive to the
makes the ICERs of women with a 5-year predicted breast  discount rate, of which plot is drawn in area C. Its raise of 5.9
cancer risk of 2501% and woman with a history of LCIS  and 4.3% makes the ICERs of women with a 5-year predicted
cost-ineffective, and the value of 0.96 makes women with a  breast cancer risk of >5.01% and women with a history of
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Table 5 Pesults of cost-effectivensss analysis (2)

Incremental

cost-eflectiveness

Cost (¥) Effectiveness (LY Gs) Effectiveness (QALYs) ratio

Prophylaxis with
tamaxifen v
prophylaxis with
Joxife xifen Raloxif Incr Tamoxifen Raloxif ncr T cif R if' I l (YLYG) (YQALY)
Fuayuoe predicted breos: concer ek 3 | 46%
Swrsngstage 50 17751353 17833020 Bl &6&T et 1190 oo 1000 nm? a7 I/0ITH 03595
Sartng atage 60 20314294 20477388 103093 16807 18822 0ois 8454 16670 Qois 7107875 6164920
Fveyeor predicted breost concer rsk 101 -300%
Sarng stage 50 17731900 177948%0 &1 9% 20185 il ] 00 13037 207 Qo34 1163079 B9 ETT
Strsng st age 60 20444 |41 20529452 853112 |ET97 |8820 0033 B.566 18454 0028 3741906 304347
Frveyear predicted breast concer sk 2 501%
Sarting atage 50 I7BOO7EL 17911198 110432 0% i 0DiIs 21854 L8N aoI7 T150490 6547 190
Saringatage 80 20058020 201ei888 103 859 IE835 IEB39 0Di4 IB&IE 18633 oots 7476331 &771 100
Hestory of kebulor torcmoeme in st
Sring atage 50 I7B50772 17935657 B985 pric..] prali 11773 11.863 21859 005 3846426 3359 650
Startng at age 60 10093711 20 IBES49 $3338 18815 18833 coie 1408 1842€ 0023 5064724 4301015
Histery of atypen! hyterplotia
Swring atage 50 752020 17795708 103 688 nis 21156 0018 11512 11542 0olg 59222% 53003
Smrngatage 60 0096731 20198320 101 598 18837 188532 o015 18851 18648 Qo017 3731 sEnoim

*Cont-effective when compared 10 a suggested oriterion in Jspan (Ohiasa, 2003) of Y4000 000 for cne QALY gain.

Incremental cost (¥)

400000 A
» S-yearpredicted risk > 5.01% ‘\‘A\
A History of LCIS 300000 |
O History of AH \ !
Stands for base-case value 001
200009
L
J ko
2 100000 |}
|. \ %‘.:(
L) « Incremental
T ; : —0 | effectiveness
-08 -07 -06 -05 -04 =03 =02 -031 O, Q:o.m (QALY)
—100000 } » ©
- T—
200000 ¢ o

Figure 2 lllustration of key results of sensitivity analyses prophylaxis with raloxifene vs no prophylass starting at age 50

LCIS cost-ineffective, respectively. The cost of chemoprevention is
also infl ial to the Its, of which results are shown in
areas C and D. A price increase of more than 30% for raloxifene
makes the ICER of women with a history of LCIS cost-ineffective,
whereas a price decrease of more than 16 or 29% make the
results for women with a S-year predicted breast cancer risk of
25.01% and women with a history of LCIS cost saving
respectively, Changes of the probabilities of transition to invasive
breast cancer, endometrial cancer, and hip fracture are also plotted
in areas C and D. Raising the probability of invasive breast cancer
beyond 0.00710 and 0.00683 makes the ICERs of women with a
5-year predicted breast cancer risk of =5.01% and women with a
history of LCIS cost-ineffective, whereas lowering to less than
0.00456 or 0.00436 make the results for women with a 5-year
predicted breast cancer risk of >5.01% and women a history of
LCIS cost saving, respectively. Raising the probability of endo-
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metrial cancer beyond 0.00369 and 0.00271 makes the ICERs of
women with a 5-year predicted breast cancer risk of >5.01% and
women with a history of LCIS cost-ineffective, respectively. Raising
probability of hip fracture beyond 0.00098 makes the results for
women with a history of LCIS cost saving. The other plots in area C
reflect a raise of utility weight for invasive breast cancer after the
second year.

Prolonging risk reduction effect of tamoxifen from 5 to 10
and 15 years without any risk increase of adverse events
after the completion of prophylaxis brings more favourable
results. For example, the effect of 10 years results in ‘cost
less and gain more’ for every risk classification starting at
age 33, whereas the effect of 15 years makes no change in the
results of ‘cost more and gain less’ among women with a
S-year predicted breast cancer risk of =1.66% starting at age
50 and 60.

& 2009 Cancer Research UK



DISCUSSION

We conduct a cost-effectiveness analysis of SERMs as prophylactic
agents against breast cancer among high-risk women by making
comparisons between status quo in Japan, without prophylaxis,
and hypothetical practise, with prophylaxis, by the agent
(tamoxifen and raloxifene), the risk classification, and the age of
starting prophylaxis.

We find that prophylaxis with tamoxifen results in ‘cost less
and gain more’ among extremely high-risk women such as
those with a 5-year predicted breast cancer risk of = 5.01%, those
with a history of LCIS, and those with a history of AH starting
at age 35 and 50. Prophylaxis with raloxifene is also found
‘cost less and gain more' for women with a history of AH
starting at age 50. The younger the age of starting prophylaxis, the
more the cost saving and outcome gain. We also find that
prophylaxis with tamoxifen for women with a history of AH
starting at age 60 results in favourable ICER compared to the
suggested criterion of ¥6000000 (£30000) for one QALY gain.
Prophylaxis with raloxifene is also found cost-effective for
women with a 5-year predicted breast cancer risk of >5.01%
starting at age 50, those with a history of LCIS starting at
age 50 and those with a history of AH starting at age 60.
The younger the age of starting prophylaxis, the more
favourable the ICER. Within the same risk classification and
starting age, raloxifene tends to gain more and cost more
compared to tamoxifen. On the contrary, we also find that
prophylaxes with tamoxifen or raloxifene for women with a 5-year
predicted breast cancer risk of <5.00% tend to result in ‘cost more
and gain less’.

These findings are similar to the previous economic
evaluations of chemoprevention of breast cancer with
tamoxifen including analyses of risk level differences such as
Noe et al (1999); Grann et al (2000); Hershman et al (2002);
Melnikow et al (2006), although these studies are carried out
under the US health system.

Our findings suggest that introduction of chemoprevention with
SERMs targeting extremely high-risk women in Japan can be
justifiable as an efficient use of finite health-care resources,
possibly contributing to cost containment. The cost saving results
suggest chemoprevention not only cost-effective but also afford-
able, Taking the superiority of raloxifene in outcome gain and the
difference in indication into account, it is recommendable to
administer tamoxifen for premenopausal women and raloxifene
for postmenopausal women.

Our economic model is found sensitive to the utility weight for
healthy state under chemoprevention, the discount rate and the
cost of chemoprevention, in addition to the probabilities of
transition to invasive breast cancer, endometrial cancer, or hip
fracture. This is anticipated because these variables are supposed
to influence the cost-effectiveness of preventive services. We think
that our economic model succeeds in explaining the context under
consideration.
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We also analysed the cost-effectiveness of therapeutic policy
switch of agent, tamoxifen to raloxifene among postmenopausal
women, although this does not depict any marginal change in
Japan. All simulated ICERs by risk classifications starting at age 50
and 60 fall in a favourable level. Due caution is needed in
transferring these findings from our Japanese model to other
health system (Drummond and Pang, 2001), but it implies that the
administration of raloxifene instead of tamoxifen for postmeno-
pausal high-risk women could be economically acceptable in
developed countries where chemoprevention with tamoxifen is
already in practise,

There are a couple of points to consider when interpreting
our results. Our model depends on clinical evidence established in
the United States by P-1 and P-2 trial. Composition of ethnicity
and life styles of participating women are different from
those of | by This also rel to another point, that
is the valuhty of the 5-year risk prediction model defining high-
risk women. As already mentioned in Methods section, it is based
on Gail et al model 2 (Gail and Costantino, 2001), which has
been validated for white women (Rockhill et al, 2001) and African
American women (Gail er al, 2007) only. Our approach is
acceptable as to these points, as the results of P-1 and P-2 trial
are the best available evidence to date for the objectives of this
study, and similar risk factors to Gail et al model 2 are identified in
a model of individualised probability of developing breast cancer
for Japanese women (Ueda et al, 2003), and the function of ethnic
difference in developing breast cancer is reported as small (Chen
et al, 2004), Our model also depends on utility weights reported
from Western countries, as none of those from Japan are available.
However, our findings of consistent outcomes in terms of LYGs
offer reasonable conclusions,

In summary, this study suggests that chemoprevention of breast
cancer with SERMs targeting high-risk women such as a 5-year
predicted breast cancer risk of >5.01%, women with a history of
LCIS, and women with a history of AH, clears the hurdles of
introducing new intervention by means of cost-effectiveness and
affordability, with best available evidence. Although further studies
and policy formulations are necessary about breast cancer
chemoprevention in Japan, this study also implies that the
administration of raloxifene instead of tamoxifen may be cost-
effective under the context of developed countries where
chemoprevention with tamoxifen has already been adopted.
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Comparison of “Immunochromatograpic Assay (ICGA)” with “Enzyme Immunoassay (EIA)” For
Measurement of CEA in Abnormal Nipple Discharge : Tanei T*', Masuda N*Y, Ishitobi M***, Tokuda
Y+, Yoshida K*?, Mano M*?, Takeda M*** and Tsujinaka T*! (**Depertment of Surgery, **Depertment of
Radiology, **Depertment of Pathology, Osaka National Hospital, **Depertment of Surgery Osaka Medical
Center for Cancer and Cardiovascular Diseases, **Depertment of Pathology, Yao City Hospital, ““Depart-
ment of Surgical Oncology, Osaka University Graduate School of Medicine)

For the detecti on of early breast cancer, such as ductal carcinoma in situ (DCIS), it is important to
measure CEA levels in abnormal nipple discharge. We compared Immunochromatograpic assay "Lana
Mammo Card CEA® with enzyme immunoassay "MAMMOTEC®” for the measurement of CEA levels in
abnormal nipple discharge from 20 patients (13 malignant cases, 7 benign cases). When the cut off value of
CEA was set at 400ng/m] for each kit, the sansitivity, specificity and accuracy were 100%, 71.4% and 90%
using the "Immunochromatograpic assay (ICGA)”. They were 32.3%, 71.4% and 85.0% using the “enzyme
immunoassay (EIA)". The value obtained by radio immuno assay (RIA) or related with those obtained by
"Immunochromatograpic assay (ICGA)" and “enzyme immunoassay (EIA)”. We should recommend a
carefully considered approach combined with non-invasive tools. Using the "Immunochromatograpic assay
(ICGA)", the CEA level can be obtained by the easier single-step manipulation within 15 minutes. Therefore,
an follow.up investigations can be planned during the initial medical examination.

Key words : Abnormal nipple discharge, Carcinoembryonic antigen (CEA), Immunochromatograpic assay
(ICGA), Enzyme immunoassay (EIA) .
Jtm J Breast Cancer 23 (2) . 123~128, 2008
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