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Abstract The 21-gene reverse transcriptase-polymerase

chain reaction assay with a patented algorithm is validated as

a good predictor of prognosis and potential benefit from

adjuvant chemotherapy for lymph-node-negative, estrogen-

receptor-positive, early-stage breast cancer, while its high

cost raises concern about how to finance it. Cost-effective-

ness analysis comparing prevalent National Comprehensive

Cancer Network (NCCN) guideline/St Gallen recommen-

dation-guided treatment with the assay-guided treatment is

carried out with budget impact estimation in the context of

Japan’s health care system. Incremental cost-effectiveness

ratios are estimated as 2,997,495 ¥/QALY (26,065 US$/

QALY) in the comparison between NCCN guided-treatment

vs. the assay-guided treatment, and as 1,239,055 ¥/QALY

(10,774 US$/QALY) in the comparison between St Gallen

guided-treatment vs. the assay-guided treatment. Budget

impact is estimated as ¥2,638 million (US$23 million) to

¥3,225 million (US$28 million) per year. The routine use of

the assay is indicated as cost-effective. And the budget

impact could be judged as within fundable level.
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Introduction

In recent years, the medical profession as well as the

general public have become to have high hopes for the

future of ‘‘tailor-made medicine’’, which means individu-

alised treatment according to each patient’s pathology,

especially using gene diagnoses or biomarkers [1]. And this

is the case with cancer care in Japan, as well [2].

Regarding breast cancer care, the role of adjuvant che-

motherapy for lymph-node-negative, estrogen-receptor-

positive, early-stage breast cancer (LN-, ER+, ESBC) in

order to prevent or delay distant recurrence after primary

surgery has been debated [3–6], while the use of hormonal

therapy with tamoxifen or aromatase inhibitors in those

cases is established by several large randomised clinical

trials [7, 8]. Efforts to aggregate available evidences have

been made in order to best guide the clinical decision of

whether to add chemotherapy or not, which result in the

development of consensus guidelines, such as National

Comprehensive Cancer Network (NCCN) guideline [9, 10]

or St Gallen recommendation [5]. These guidelines eval-

uate patient’s risk of recurrence based on factors such as

age, tumour size and histology, and then suggest the indi-

cation for adjuvant chemotherapy to higher risk patients
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based on a judgement that the benefit of survival from

chemotherapy overweighs the disbenefit of adverse effects

and medical risks [11]. However, the risk classification

which underlies this judgement has been considered as not

certain nor specific enough, so that it leaves a room for

the development of a more accurate and individualised

predictor of the risk of recurrence.

A multigene assay of resected breast cancer tumour

tissue was implemented in order to realise more informed

and individualised decision for adjuvant chemotherapy

indication, which resulted in the development of the

21-gene reverse transcriptase-polymerase chain reaction

(RT-PCR) assay with a patented algorithm (Oncotype

DX1 Breast Cancer Assay). It gives an individual case of

LN-, ER+, ESBC Recurrence Score (RS) that represents

individualised risk of recurrence. The accuracy of RS as

criteria in assessing the risk of recurrence was validated by

a prospective study of historical clinical trial data from

National Surgical Adjuvant Breast Cancer Project

(NSABP) B-14 study with the gene assay of preserved

tumour tissue [12]. Furthermore, the accuracy of RS in

predicting the magnitude of chemotherapy benefit was

validated by a similar study including data from NSABP

B-20 study with the gene assay [13]. In other words,

patients classified as high risk of recurrence by RS criteria

are likely to be highly responsive to chemotherapy, which

implies that the assay is clinically efficient in identifying

those who could benefit from adjuvant chemotherapy.

This development is deemed as a pathway geared

towards tailor-made medicine in breast cancer care, which

anticipates a similar innovative assay like 70-gene signa-

ture (MammaPrint1) [14]. Yet another significant

characteristic of the 21-gene RT-PCR assay is its high

price, ¥450,000 (US$3,913; US$1 = ¥115), while the

reimbursement for a conventional gene diagnosis test of

malignant tumour is set at ¥20,000 (US$174) in the social

health insurance system of Japan. Needless to say, a

valuable innovation of technology deserves patent protec-

tion and accompanying financial rewards as its own right.

However, from the viewpoint of economics, it is impera-

tive to appraise the ‘‘value for money’’ of such highly

priced new technology [15]. The proportion of LN-, ER+

cases among breast cancer is large, 28.7% [16], and the

incidence of breast cancer is estimated as 41,494 in 2005

and increasing continuously [17]. Therefore, once the assay

becomes a standard procedure within social insurance

benefit package, more than 12,000 assays are expected to

be implemented in a year. This leads to a concern about its

implication for health financing. From the viewpoint of

health manager, it is also imperative to appraise the

‘‘budget impact’’ [18], which basically correlates to the

product of the price and the quantity of health services

provided.

To date, there are two studies that look at economic

aspects of the 21-gene RT-PCR assay based on validation

studies in the U.S. health system. Hornberger et al. carried

out an economic evaluation of the assay, and reported it as

cost-saving based on a reclassification of patients’ risk

using RS criteria, instead of NCCN criteria [19]. Lyman

et al. also reported that RS-guided treatment could be cost-

saving compared to the treatment with tamoxifen combined

with chemotherapy for all patients, and cost-effective

compared to the treatment with tamoxifen alone for all

patients [20]. There is no report from any other countries

nor yet a comparison with St Gallen-guided treatment.

This study aims to evaluate cost-effectiveness and

budget impact of the 21-gene RT-PCR assay in Japan’s

health care system. The results should be useful in con-

sidering the diffusion of the assay in Japan, and could

inform health care policy in the era of tailor-made medi-

cine in developed countries.

Methods

We conduct a cost-effectiveness analysis with decision

trees and Markov modelling based on the validation studies

of the 21-gene RT-PCR assay [12, 13, 21], and a costing

under Japan’s social health insurance system including a

sensitivity analysis from societal perspective. We also

estimate the budget impact of the assay on Japan’s social

health insurance system based on our economic model.

Scenarios and comparisons

Both Japanese clinical practice [22] and consensus guide-

lines [23, 24] are in accordance with NCCN guideline as

well as St Gallen recommendation in a mixed way. And

changing criteria from NCCN/St Gallen to RS in risk re-

classifications with estimated distant recurrence free

survival in 10 years (DRFS10) were reported in one of the

validation studies as shown in Table 1 [21]. (Since DRFS10

of patients with intermediate risk according to St Gallen

criteria was not yet published, we assume the mid-value of

DRFS10 between high risk and low risk classified by St

Gallen criteria.) Three scenarios are set up in this study: a

hypothetical cohort of LN-, ER+, ESBC at the age of 55

undergoes NCCN-guided treatment, St Gallen-guided

treatment, and RS-guided treatment. The age of 55 is

chosen according to the average age of equivalent patient

population in a nationwide cancer registry [16]. The former

two scenarios intend to depict the status quo of Japanese

practice to some extent. The last scenario intends to illus-

trate the situation in which the 21-gene RT-PCR assay is

applied routinely.
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Regarding the use of adjuvant chemotherapy, 100% of

patients classified as high risk by NCCN/St Gallen criteria

and 50% of patients classified as intermediate risk by St

Gallen criteria are assumed to undergo chemotherapy,

while 100% of patients classified as high or intermediate

risk by RS criteria are assumed to undergo chemotherapy.

Then, the two pairs of scenarios are compared: NCCN-

guided treatment vs. RS-guided treatment, and St Gallen-

guided treatment vs. RS-guided treatment. These compar-

isons intend to depict the diffusion of the assay in Japanese

practice. The use of chemotherapy decreases from 92 to

49% under the former comparison, and from 75 to 49%

under the latter comparison by the adoption of RS criteria.

Decision tree and Markov model

We construct decision trees with Markov model of clinical

courses followed by LN-, ER+, ESBC patients, which is

shown in Fig. 1.

The decision tree 1 shows the comparison between NCCN-

guided treatment vs. RS-guided treatment; and the decision

tree 2 shows the comparison between St Gallen-guided

treatment vs. RS-guided treatment. Decision nodes of these

trees are as to a decision whether to apply the 21-gene RT-

PCR assay or not. Following chance nodes discern the cohort

to different adjuvant therapies depending on the risk

classification and human epidermal growth factor receptor

type2 (HER2) status. Since the use of trastuzumab for HER2

positive (HER2+) cases as adjuvant therapy is about to be

included in the social health insurance benefit according to the

results of international clinical trials [25, 26], we set up three

types of adjuvant therapies: hormonal therapy (HT), HT plus

chemotherapy (CT), and HT plus CT plus trastuzumab.

Branches with CT lead to subtree B via a chance node, which

discern the cohort to different toxicities.

The Markov model shows the clinical course once the

adjuvant therapy is completed. Five stages are modelled

here: (1) LN-, ER+, ESBC after criteria-guided adjuvant

therapy; (2) Distant recurrence with response to treatment;

(3) Distant recurrence with no response to treatment; (4)

Progression of disease after distant recurrence; and (5)

Death. Transitions between the stages are indicated with

arrows. Patients follow various courses after recurrence, so

conditions other than these five stages and transitions not

described with arrows here are possible. However, we

model the course in this way based on available reports of

prognosis model of metastatic breast cancer, which is

calibrated with the results of several randomised trials

[19, 27]. Patients with recurrence undergo drug treatment

with HT, CT, and/or trastuzumab depending on their status.

The span of each stage is set up at 1 year. Markov

process is repeated up to 10 years, since the transitional

probabilities of recurrence are calculated from DRFS10 and

Table 1 Risk reclassification by the 21-gene RT-PCRa assay with expected DRFS10
b

Recurrence Score criteria

High risk Intermediate risk Low risk

NCCNc criteria High risk Probability 29% 22% 49%

DRFS10 0.70 0.86 0.92

Range tested in sensitivity analyses Change by ±50% Change by ±50% Change by ±50%

Probability 6% 22% 72%

Low risk DRFS10 0.57 0.82 1.00

Range tested in sensitivity analyses Change by ±50% Change by ±50% Change by ±50%

St Gallen criteria High risk Probability 36% 22% 42%

DRFS10 0.67 0.82 0.92

Range tested in sensitivity analyses Change by ±50% Change by ±50% Change by ±50%

Probability 16% 23% 61%

Intermediate risk DRFS10 0.62d 0.82d 0.96d

Range tested in sensitivity analyses Change by ±50% Change by ±50% Change by ±50%

Probability 6% 22% 72%

Low risk DRFS10 0.57 0.82 1.00

Range tested in sensitivity analyses Change by ±50% Change by ±50% Change by ±50%

Source: Reference [21]
a Reverse transcriptase-polymerase chain reaction
b Distant recurrence free survival in 10 years
c National Comprehensive Cancer Network
d Assumed as the mid-value of DRFS10 between high risk and low risk classified by St Gallen criteria
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human epidermal growth factor receptor type2 (HER2), hormonal

therapy (HT), chemotherapy (CT), National Comprehensive Cancer

Network (NCCN), lymph-node-negative, estrogen-receptor-positive,

early-stage breast cancer (LN-, ER+, ESBC)
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most of recurrences are expected to occur within this time

horizon. After the 10-year, survived patients without

recurrence are assumed to have a life expectancy for Jap-

anese female at age 65 [28], and those with recurrence are

to have a life expectancy of 2 years.

Outcome estimation

Outcomes by the scenario in terms of years of life saved

(YOLSs) and quality adjusted life years (QALYs) are

estimated by assigning probabilities and utility weights to

the decision trees and Markov model from the literature.

Probabilities of risk classification, attached to the first

chance nodes of each branch, are adopted from one of the

validation studies of the 21-gene RT-PCR assay [21]

shown in Table 1. Table 2 shows the other probabilities

and utility weights used. A probability of HER2+, 9.3%,

attached to the second chance nodes, is adopted from a

nationwide breast cancer registry [16]. Probabilities of

adjuvant chemotherapy toxicity, attached to the chance

node in the subtree B, are assumed to be 60% for minor

toxicity, 5% for major toxicity and 0.5% for fatal toxicity

from a report of efficacy and cost-effectiveness of adjuvant

chemotherapy in breast cancer [29].

Regarding the Markov model, transitional probabilities

of recurrence with adjuvant HT are calculated from DRFS10

in Table 1. The effectiveness of adding adjuvant CT and

trastuzumab are incorporated as risk reduction of recur-

rence. Relative risk reductions resulted from CT among

patients classified as high risk and intermediate risk by RS

criteria are fixed at 74 and 39%, respectively, which are

adopted from one of the validation studies of the 21-gene

RT-PCR assay [13]. A relative risk reduction resulted from

trastuzumab among HER2+ patients are assumed to be 36%

for up to 2 years according to the results of clinical trial

[26]. As mentioned earlier, transitional probabilities

between stages after recurrence are adopted from prognosis

model of metastatic breast cancer [19, 27]. It is assumed that

the response to treatment and the prognosis after recurrence

differ depending on HER2 status. Probabilities of the

response to treatment for recurrence are fixed at 38.0%

among HER2- patients and 54.0% among HER2+ patients

[27]. Probabilities of the progression of disease after

recurrence are also fixed at: 59.7% if HER2- and having

responded to treatment, 53.7% if HER2+ and having

responded to treatment, 98.3% if HER2- and not having

responded to treatment and 88.5% if HER2+ and not hav-

ing responded to treatment [19]. Probabilities of death after

the progression of disease are fixed at 40.0% among

HER2- patients and 37.2% among HER2+ patients [19].

In order to estimate the outcome in terms of QALYs,

utility weights are chosen for various health statuses during

the clinical course which patients follow. A weight for

health status after adjuvant therapy without any toxicity or

distant recurrence is chosen to be 0.98 [30]. Weights for

toxicities are 0.90 for minor toxicity, and 0.80 for major

toxicity [29], of which duration is assumed as 6 months.

Health status during chemotherapy against the distant

recurrence or the progression of disease weighs 0.50 [31],

of which duration is assumed as 6 months. Health statuses

after the chemotherapy weigh 0.84 if responded, 0.70 if

stable and 0.49 if progressive [27].

Outcome is discounted at a rate of 3% [32].

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 social

insurers and patients are considered, since these two enti-

ties are major payers to health care providers under Japan’s

social health insurance system. The amount of direct pay-

ments by these entities, mostly according to the national

medical care fee schedule, are estimated as costs, while

costs to sector other than health and productivity losses are

left uncounted in this study. This choice of scope in costing

allows the following budget impact estimation.

Cost items are identified along the decision trees and

Markov model: the 21-gene RT-PCR assay, adjuvant

therapies, treatments for toxicity, monitorings, treatments

for distant recurrence, and end-of-life treatments as shown

in Table 3. As already mentioned, the cost of the assay is

¥450,000 (US$3,913), according to the price offered by

Japanese supplier of Oncotype DX1 Breast Cancer Assay.

Costs of treatments except the end-of-life treatments are

estimated by combining a model of breast cancer care and

the national medical care fee schedule. The care model is

developed based on both a nationwide survey of Japanese

expert practice [22] and consensus guidelines [23, 24].

Adjuvant hormonal therapy includes outpatient care

with tamoxifen, aromatase inhibitors, and LH–RH ana-

logues depending on patient’s status, and is assumed to

continue up to 5 years, which costs ¥534,610 (US$4,649)

per year. Adjuvant chemotherapy includes various regi-

mens. Anthracycline-based combination chemotherapy is

used for about half of the cases, and oral fluorinated

pyrimidine and CMF (cyclophosphamide, methotrexate

and 5-fluorouracil) therapy are frequently used among

other regimens. These cost ¥343,001 (US$2,983). Adjuvant

trastuzumab costs ¥3,105,120 (US$27,001) per year, of

which administration is assumed to continue for 1 year.

There are three levels of toxicity in the decision tree.

However, only the cost of major toxicity is estimated as

¥173,352 (US$1,507), which includes unplanned 1 month
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hospitalisation in two-fifths of the cases and rescue treat-

ment at outpatient clinic in three-fifths of the cases [33, 34].

The cost of minor toxicity, from which 60% of patients

suffer, is included in the cost of adjuvant chemotherapy,

since prophylactic use of antiemetic, for example, is

applied routinely these days. And the clinical course of

fatal toxicity is diverse and not fit to costing by modelling

here, so its cost is estimated later coupled with the cost of

end-of-life treatment.

Patients who complete adjuvant therapy are assumed to

visit a clinic twice a year for the purpose of monitoring,

which costs ¥25,340 (US$220) per year.

There are various options of treatments for the distant

recurrence depending on regimens used in adjuvant ther-

apy. Yet, we assume crossover hormonal treatments

followed by capecitabine within the first year as typical

first line and second line therapies for our hypothetical

cohort, which cost ¥558,458 (US$4,856) per year. We

further assume that this cost is applicable to second year

and afterwards. For HER2+ patients, trastuzumab is addi-

tionally administered, of which cost is the same as one

during the adjuvant therapy.

The end-of-life treatments are diverse in contexts and

lack consensus guidelines or survey data. Its practice

Table 2 Probabilities and utility weights

Base case value Range tested in sensitivity analyses Source

Probabilities

Patient status

HER2a+ 9.3% Change by ±50% [16]

Adjuvant chemotherapy toxicity

Minor 60.0% Change by ±50% [29]

Major 5.0% Change by ±50% [29]

Fatal 0.5% Change by ±50% [29]

Relative risk reduction of distant recurrence

Chemotherapy

Intermediate risk classified by RSb criteria 39.0% Change 0–76% [13]

High risk classified by RS criteria 74.0% Change 47–87% [13]

Trastuzumab 36.0% Change 24–46%

(Duration) (2 years) Change to 5 years [26]

Response to treatment for distant recurrence

HER2- 38.0% Change by ±50% [27]

HER2+ 54.0% Change by ±50% [27]

Progression of disease after distant recurrence

HER2-, response to treatment 59.7% Change by ±50% [19, 27]

HER2-, no response to treatment 98.3% Change by ±50% [19, 27]

HER2+, response to treatment 53.7% Change by ±50% [19, 27]

HER2+, no response to treatment 88.5% Change by ±50% [19, 27]

Death after progression of disease

HER2- 40.0% Change by ±50% [19, 27]

HER2+ 37.2% Change by ±50% [19, 27]

Utility weights

After adjuvant therapy without distant recurrence 0.98 Change by ±20% [30]

Toxicity

Minor 0.90 Change by ±20% [29]

Major 0.80 Change by ±20% [29]

Distant recurrence

Chemotherapy, 6 months only 0.50 Change by ±20% [31]

Response to treatment 0.84 Change by ±20% [27]

Stable 0.70 Change by ±20% [27]

Progression of disease 0.49 Change by ±20% [27]

a Human epidermal growth factor receptor type2
b Recurrence Score
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reflects other factor than medical judgements, for example,

patients’ and their family’s preference. Therefore, we do

not try to build care model of these cases but exercise an

insurance claim review on 80 recent fatal cases in breast

cancer at Tokyo Metropolitan Cancer and Infectious Dis-

ease Center Komagome Hospital. This results in

¥1,315,143 (US$11,436) per year, which is also used as the

cost of treating fatal toxicity.

Costs are also discounted at a rate of 3% [32].

Comparison of scenarios

Incremental cost-effectiveness ratios (ICER) are calculated

for the purpose of comparing the scenarios:

ICER ¼
CostRS�guided treatment � CostNCCN=St Gallen�guided treatment

EffectRS�guided treatment � EffectNCCN=St Gallen�guided treatment

Sensitivity analysis

In order to appraise the stability of ICERs against

assumptions and uncertainty of adopted values of proba-

bilities, utility weights, and costs in our economic model,

one way sensitivity analyses are performed. The age of

cohort is changed to 45 and 65 years old. DFRS10s shown in

Table 1 are changed by ±50%, which embrace the relaxa-

tion of mid-value assumption of DRFS10 of patients with

intermediate risk according to St Gallen criteria into both

end values. The use of adjuvant chemotherapy in NCCN-

guided treatment is changed from 50% of high risk cases

only to 100% of high risk cases and 50% of low risk cases;

and from 0 to 100% of intermediate risk cases in St Gallen-

guided treatment. Propensity to alter treatment among

patients classified as intermediate risk by RS criteria

reclassification is changed from 100 to 50%. As shown in

Table 2, probabilities other than relative risk reductions are

changed by ±50%, while the relative risk reductions are

changed according to the reported 95% confidence intervals

of each value. The effectiveness of adjuvant trastuzumab is

extended to 5 years. Utility weights are all changed by

±20%. And as shown in Table 3, costs are all changed by

±50%. Discount rate is also changed from 0 to 5%.

Budget impact estimation

Budget impact is defined as a forecast of rates of use (or

changes in rates of use) with their consequent short- and

medium-term effects on budgets and other resources to

help health service managers [35]. The budget in this study

is defined as funds held by social insurers. We estimate the

budget impact with our economic model assuming that all

new LN-, ER+, ESBC in Japan undergo RS-guided

treatment instead of NCCN/St Gallen-guided treatment

from 2008 to 2012. The incidence of breast cancer is

adopted from a forecast [17], and a share of LN-, ER+,

ESBC is fixed at 28.7% [16]. A share of the budget in costs

is assumed to be 70% according to the co-payment ratio in

Japan’s social health insurance system.

Results

Cost-effectiveness

Table 4 shows the result of the cost-effective analysis. The

cost of RS-guided treatment, ¥4,135,279 (US$35,959),

Table 3 Costs

Base case value Range tested in sensitivity analyses

21-gene RT-PCRa assay (Oncotype DX1 Breast Cancer Assay) ¥ 450,000 Change by ±50%

Adjuvant therapy

Hormonal therapy, per year ¥ 534,610 Change by ±50%

Chemotherapy ¥ 343,001 Change by ±50%

Trastuzumab, per year ¥ 3,105,120 Change by ±50%

Treatment for toxicity

Major ¥ 173,352 Change by ±50%

Monitoring

After adjuvant therapy without recurrence, per year ¥ 25,340 Change by ±50%

Treatment for distant recurrence

Hormonal therapy and chemotherapy, per year ¥ 558,458 Change by ±50%

Trastuzumab, per year ¥ 3,105,120 Change by ±50%

End-of-life, per year ¥ 1,315,143 Change by ±50%

a Reverse transcriptase-polymerase chain reaction
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exceeds that of NCCN-guided treatment, ¥3,845,923

(US$33,443), which results in a positive incremental cost

of ¥289,355 (US$2,516). The effect in YOLSs of RS-

guided treatment, 19.895 years, exceeds that of NCCN-

guided treatment, 19.812 years, which results in a positive

incremental effect of 0.083 year. The effect in QALYs of

RS-guided treatment, 19.405 years, exceeds that of NCCN-

guided treatment, 19.309 years, which results in a positive

incremental effect of 0.097 year.

Similarly, the cost of RS-guided treatment, ¥4,134,791

(US$35,955), exceeds that of St Gallen-guided treatment,

¥3,841,580 (US$33,405), which results in a positive

incremental cost of ¥293,211 (US$2,550). The effect in

YOLSs of RS-guided treatment, 19.900 years, exceeds that

of St Gallen-guided treatment, 19.679 years which results

in a positive incremental effect of 0.221 year. The effect in

QALYs of RS-guided treatment, 19.410 years, exceeds

that of St Gallen-guided treatment, 19.173 years, which

results in a positive incremental effect of 0.237 year. The

cost and effects of RS-guided treatment scenario in this

comparison are slightly different from those in the former

comparison because of a difference in the risk reclassifi-

cation from counterpart scenarios.

In both comparisons, the routine use of the 21-gene RT-

PCR assay gains more but costs more at the same time.

Incremental cost-effectiveness ratios (ICERs) of the former

comparison are 3,465,713 ¥/YOLS (30,137 US$/YOLS)

and 2,997,495 ¥/QALY (26,065 US$/QALY), and those of

the latter comparison are 1,328,975 ¥/YOLS (11,556 US$/

YOLS) and 1,239,055 ¥/QALY (10,774 US$/QALY).

Stability of ICER

Figure 2 shows the results of one way sensitivity analyses.

Items are listed in the order of the magnitude of ICER change

in terms of yen per QALY, while those change ICER less

than 200,000 ¥/QALY (1,739 US$/QALY) are not reported.

Between NCCN-guided treatment vs. RS-guided treat-

ment, ICER is most sensitive to the change of the cost of

the 21-gene RT-PCR assay, which ranges from ¥672,402

(US$5,847) to ¥5,322,588 (US$46,283). It is also sensitive

to the change of the utility weight for a health status after

adjuvant therapy without distant recurrence, which ranges

from ¥2,861,163 (US$24,880) to ¥5,725,775 (US$49,789).

The changes of ICER by the change of all items fall in a

range from ¥672,402 (US$5,847) to ¥5,725,775

(US$49,789). Among the values used in the outcome

estimation, DRFS10 of patients who are reclassified as

intermediate risk by RS criteria from low risk by NCCN

criteria, has the largest impact on the result. Among costs

of treatments, the cost of adjuvant chemotherapy is most

influential to the result.

Between St Gallen-guided treatment and RS-guided

treatment, ICER is most sensitive to the change of the

assumption on the use of adjuvant chemotherapy among

patients classified as intermediate risk by St Gallen criteria,

which ranges from ¥788,230 (US$6,854) to ¥2,989,020

(US$25,991). It is also sensitive to the change of the cost of

the 21-gene RT-PCR assay, which ranges from ¥290,593

(US$2,527) to ¥2,187,518 (US$19,022). The changes of

ICER by the change of all items fall in a range from

¥290,593 (US$2,527) to ¥2,989,020 (US$25,991). Among

values used in the outcome estimation, DRFS10 of patients

who are reclassified as high risk by RS criteria from

intermediate risk by St Gallen criteria, has the largest

impact on the result. Among costs of treatments, the cost of

adjuvant chemotherapy is most influential to the result.

Overall, the change of ICERs by the change of

assumptions and values is limited from ¥290,593

(US$2,527) to ¥5,725,775 (US$49,789).

Budget impact

Table 5 shows the result of the budget impact estimation.

Annual costs per case by the scenario are calculated from

our economic model. RS-guided treatment accompanies

high costs in the first year, which probably reflects that the

Table 4 Result of cost-effectiveness analysis

Cost (¥) Incremental

cost (¥)

Effect

(YOLS)

Incremental

effect

(YOLS)

Effect

(QALY)

Incremental

effect

(QALY)

Incremental cost-effectiveness ratio

(¥/YOLS) (¥/QALY)

NCCNa-guided treatment

vs. RSb-guided treatment

3,845,923 – 19.812 – 19.309 – – –

4,135,279c 289,355 19.895c 0.083 19.405c 0.097 3,465,713 2,997,495

St Gallen-guided treatment

vs. RS-guided treatment

3,841,580 – 19.679 – 19.173 – – –

4,134,791c 293,211 19.900c 0.221 19.410c 0.237 1,328,975 1,239,055

a National Comprehensive Cancer Network
b Recurrence Score
c The cost and effects of RS-guided treatment scenario are slightly different from each other in two comparisons because of the difference in the

risk reclassification from counterpart scenarios
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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 estimated as ¥2,638 million

(US$23 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 US$/QALY) and

1,239,055 ¥/QALY (10,774 US$/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 US$/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

to 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 Oncotype DX1 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 prescriptive [37]. Yet, the estimated

impact, ¥2,638 million (US$23 million) to ¥3,225 million

(US$28 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 U.S. 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 [40]. 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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