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Abstract
Background Conventional intraoperative sentinel lymph
node biopsy (SLNB) in breast cancer (BC) has limitations in
establishing a definitive diagnosis of metastasis intraoperatively, leading to an unnecessary second operation. The onestep nucleic amplification assay (OSNA) provides accurate
intraoperative diagnosis and avoids further testing. Only five
articles have researched the cost and cost effectiveness of
this diagnostic tool, although many hospitals have adopted it,
and economic evaluation is needed for budget holders.
Objective We aimed to measure the budget impact in
Japanese BC patients after the introduction of OSNA, and
assess the certainty of the results.
Methods Budget impact analysis of OSNA on Japanese
healthcare expenditure from 2015 to 2020. Local governments, society-managed health insurers, and Japan health
insurance associations were the budget holders. In order to
assess the cost gap between the gold standard (GS) and
OSNA in intraoperative SLNB, a two-scenario comparative model that was structured using the clinical pathway of
a BC patient group who received SLNB was applied.
Clinical practice guidelines for BC were cited for cost
estimation.
Electronic supplementary material The online version of this
article (doi:10.1007/s40258-016-0235-4) contains supplementary
material, which is available to authorized users.

Results The total estimated cost of all BC patients diagnosed by GS was US$1,023,313,850. The budget impact of
OSNA in total health expenditure was -US$24,413,153 (US$346 per patient). Two-way sensitivity analysis between
survival rate (SR) of the GS and OSNA was performed by
illustrating a cost-saving threshold: y % 1.14x - 0.16 in
positive patients, and y % 0.96x ? 0.029 in negative
patients (x = SR–GS, y = SR–OSNA). Base inputs of the
variables in these formulas demonstrated a cost saving.
Conclusion OSNA reduces healthcare costs, as confirmed
by sensitivity analysis.

Key Points for Decision Makers
New intraoperative sentinel lymph node diagnosis
for breast cancer metastasis reduces healthcare costs
(US$346 per patient).
The cost savings of this new diagnostic tool are
confirmed by sensitivity analyses.
Until now, no study in Japan has evaluated the new
diagnostic tool from an economic perspective and,
worldwide, only five articles have researched its cost
and cost effectiveness, although 102 hospitals in
Japan, in addition to 211 hospitals in Europe and the
Asia–Pacific region, have adopted this tool.
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1 Introduction
Breast cancer (BC) is the most common cancer in women
worldwide, affecting almost 1.7 million women per year
and accounting for nearly 536,521 deaths annually [1, 2].
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In 2012, there were 55,710 new cases of breast cancer and
13,801 deaths, out of 66 million Japanese women [2, 3],
the highest incidence of all cancers in this population group
[4]. However, Japan is also one of the countries with a low
BC incidence, and the survival rate (SR) is over 80 % [4,
5].
A survey of the Cancer Institute Hospital in Japan,
following 11,676 BC patients, revealed a 17 % recurrence
rate after a 10-year follow-up [6].
In 2012, the total healthcare expenditure in Japan was
¥39 trillion (approximately US$316 billion), with 87 %
covered by public insurance [3]. Total cost related to BC in
Japan and the total loss of human capital due to mortality
were estimated to be ¥744 billion (approximately US$6
billion) and ¥534 billion (approximately US$4 billion) in
2020, respectively [7].
Sentinel lymph node biopsy (SLNB) is used in stages 0,
I, II and IIIA BC patients to detect metastasis, as well as to
ascertain the level of axillary node metastases [8]. The
intraoperative diagnosis of dissected sentinel lymph node
(SLN) is performed via cytological/histological examination. This conventional SLNB cannot provide a definitive
diagnosis intraoperatively because of its technical limitations [9–13]. Reoperation is often performed because the
cytological/histological examination yields a 5–52 % rate
of false negatives.
Consequently, a more accurate intraoperative method is
needed to reduce both patient distress and hospital costs
[9–13]. In specific cases, high-sensitivity real-time polymerase chain reactions can be used; however, they cannot
be used intraoperatively because genetic amplification can
take up to 60 min [14, 15].
Recently, 102 hospitals in Japan, in addition to 211
hospitals in Europe and the Asia–Pacific region, have
started to use a new technique called the one-step nucleic
amplification assay (OSNA). This technique can diagnose
BC nodal metastasis intraoperatively, and is used to measure cytokeratin 19 levels, a tumor marker with the highest
expression in BC and in some other cancers, in addition to
distinguishing positive cases from negative cases [16]. A
meta-analysis of five selected studies comparing the OSNA
cutoff with the gold standard (GS) cutoff demonstrated an
average OSNA sensitivity of 84.5 % and specificity of
91.8 % [17]. Surgeons can make an immediate decision
regarding whether or not to perform axillary lymph node
dissection (ALND) during the first operation with the
definitive intraoperative diagnosis. OSNA provides different nominal results, which can be negative, including isolated tumor cells, micrometastases or macrometastases, as
well as quantitative results, such as sequential numbers of

messenger RNA (mRNA) copies. A series of studies have
recently been carried out focusing on total tumor load
(TTL) determination in the form of quantitative results.
These studies have found that TTL predicts the axillary
status of BC patients, thereby avoiding unnecessary ALND
or detecting patients who truly benefit from ALND [18,
19].
OSNA has been studied in 91 publications to date. An
improved performance of the technique was found in the
majority of these publications; however, only five studies
researched the economic aspects of OSNA [17, 20–23].
The National Institute for Health and Care Excellence has
previously evaluated the cost effectiveness of OSNA, and
made recommendations in their guidelines; one of the five
studies researching the economic aspects of OSNA was
related to the guideline’s recommendations [17]. The
short-term cost effectiveness of OSNA was demonstrated
compared with the GS, but OSNA revealed 0.1 qualityadjusted life-years (QALYs) less than the postoperative
GS in the long-term, and the incremental cost-effectiveness ratio was £4324 saved per QALY lost. Progressionfree survival rate (PFSR) in OSNA and GS should have
been compared to evaluate whether the assumptions
regarding sensitivity and specificity of the GS were correct. This is needed to adequately compare health outcomes and healthcare costs even though no published data
are available regarding the PFSR of OSNA-diagnosed
patients. The other four studies compared the cost of
OSNA and alternatives in European countries and Australia, but to date no studies have been published assessing
the budget impact in Japan.
To acquire comprehensive evaluation for health insurers
and healthcare payers, further demonstration of the economic aspects was required. Taking all of the above into
consideration, this study was mainly aimed at measuring
the budget impact of OSNA in Japanese BC patients by
comparing two scenarios—with and without the use of new
technology.
Since OSNA provides definitive intraoperative results
for ALND and avoids postoperative analysis and reoperations, a reduction of surgical treatment and diagnostic costs
is expected [16–19, 24].
The GS has been in use for decades but a second
operation after SLNB is a clinical inconvenience in different countries. Many hospitals have already adopted the
OSNA technique as a solution. For this reason, the insights
and findings of this study will be of interest to public
healthcare payers for use in OSNA adoption decisions and
reimbursement decisions, not only in Japan but also in
Europe and the Asia–Pacific region.
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2 Patients and Methods

2.3 Perspective, Target Audience, and Costing

2.1 Patient Population

This study focused on the governmental perspective of
Japanese healthcare expenditure during a 5-year follow-up
period, from 2015 to 2020.
Local governments, society-managed health insurers,
and Japan health insurance associations were the budget
holders, and the Japanese Ministry of Health, Labor and
Welfare was a stakeholder with whom budget holders must
interact. All were the target audience in this study, and the
model is applicable to all of these stakeholders.
Costings were finalised for the stakeholders and are
shown in each intervention after adjusting for the corresponding healthcare reimbursement, depending on whether
patients were over or under 75 years of age. The intervention mix per patient of both clinical pathways and costs
were mapped using the clinical practice guidelines for BC
[8, 13]. The annual resource use and costs are listed in
electronic supplementary material (ESM) 1, and Table 2.
The Japanese Ministry of Health, Labor and Welfare
introduced a Diagnosis Procedure Combination (DPC)
system that limits the total inpatient cost. The DPC system
was applied to the hospital fee but not to the doctor fee;
OSNA is classified as a hospital fee and cytological/histological examination is classified as a doctor fee. Namely,
doctor fees are based on the resources used on a patient and
hospital fees are based on the estimated average resource
consumption for the DPC system.
The limit of total hospital fees during hospitalization is
calculated as follows: ‘total daily costs of diagnosed disease’ 9 ‘hospitalization days’ 9 ‘index of medical institution’ 9 ¥10 [3]. The benchmark for ‘total daily costs of
diagnosed disease’ is estimated statistically from the previous consumption data of corresponding resources in a
fee-for-service system, and differs depending on the total
for ‘hospitalization days’. Unless the total number of
resources used does not exceed the limit, any resources
classified as hospital fees can be adopted.
In this study, the average hospital fee per patient was
calculated from the average ‘hospitalization days’, the corresponding total daily costs and the frequency of each
diagnostic group classification in the database collected by
the Japanese Ministry of Health, Labor and Welfare [3]. In
Fig. 1, the hospital fee is included in the surgical costs as the
DPC system limits it by hospitalization days. The doctor fees
were set in each intervention and were applied to all hospitals
over the country. Total remuneration under the DPC system
is a sum of the fee-for-service costs, which include doctor
fees, the bundled cost of hospital fees limited by the DPC
system, and meal and rehabilitation costs during hospitalization. Indirect costs were not included in this study.

The study population comprised Japanese BC patients in
stages I, II and IIIA T3N1M0 who had received SLNB. The
population was estimated from the published prediction
model and the samples recruited for clinical studies [25,
26]. Differences between the target population and the
samples recruited for two clinical studies were observed.
The clinical studies selected only participants who received
the new SLN tracers, indocyanine green or indigo carmine,
and the procedure was performed in Spain. According to
Japanese BC guidelines, the recommended SLN detection
method is a combination of radioisotope and blue dye, but
recently this new tracer has been more widely used and has
demonstrated a similar detection rate as that indicated in
the reference cited in the Japanese guideline [27].
2.2 Intervention Mix
The clinical pathways used for this study came from the
most consulted clinical guidelines in Japan [8, 13] (Fig. 1).
National Comprehensive Cancer Network (NCCN) guidelines were used to achieve a more comprehensive clinical
process, and the Japanese Breast Cancer Society guidelines
were used to check debatable topics among specialists.
BC patients are first diagnosed using imaging methods and/or fine needle aspiration. Cases that tested
negative by any of these methods are subjected to SLN
dissection.
Until now, SLNB was performed both intraoperatively
and postoperatively in order to predict the involvement of
axillary lymph node metastasis. Surgical treatment included tumor resection and ALND in cases where the patient
had a positive intraoperative SLN. Patients with a negative
intraoperative SLN received tumor resection and, if
metastasis was detected postoperatively, ALND was carried out. With the introduction of OSNA, SLNB is only
performed intraoperatively, thereby avoiding reoperation.
The main systemic therapy is chemotherapy and hormone therapy, and the decision on which treatment to use
depends on the characteristics of the tumor. Treatment is
normally performed after surgery, but also neoadjuvant
therapy can be used. Radiotherapy is used after surgical
and systemic treatments as an adjuvant to surgical
treatment. After all the therapeutic interventions have
been completed, patients are monitored for disease progression. In the case of recurrence, patients generally
receive systemic therapy, but they can also receive local
treatments.
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Fig. 1 Clinical pathway and medical costs. The percentage of
patients receiving different interventions was calculated based on
the available literature [11, 18, 24, 25, 33, 35, 37, 38, 43]. Nine
different care stages were available: SLNB, surgical operation and
postoperative analysis, second operation, systemic therapy, radiotherapy, 5-year follow-up, surgical operation for recurrence, radiotherapy
for recurrence, and systemic therapy for recurrence. All of the
structured interventions were implemented during the first year, with
the exception of follow-up and treatment for recurrence. The cost of
trastuzumab was weighted against the total treatment costs using the
trastuzumab-treated patient rate of 20.7 % in first-year systemic
therapy [30]. The cost of chemotherapy, hormonotherapy, and
trastuzumab for recurrence represent the cost for 2.5 years, i.e. half
the total study period. The annual cost for mammography and medical

assessment is revealed, while the cost of tumorectomy includes
hospitalization cost. The cost of OSNA has already been included in
the bundled hospitalization cost because of the DPC system, and a
figure of US$0 is shown in order that the cost of OSNA is not counted
twice. Each patient can reach the final step of the structured care plan
in different ways (as indicated by the arrows), depending on the
decision made based on tumor characteristics, nodal state, combination of treatments, etc. SLNB sentinel lymph node biopsy, FNA fine
needle aspiration, SLN sentinel lymph node, H&E hematoxylin and
eosin, IHC immunohistochemistry, ALND axillary lymph node
dissection, ITC isolated tumor cells, CM chemotherapy, HT hormone
therapy, TA tamoxifen, LU leuprorelin, AN anastrozole, LT letrozole,
OSNA one-step nucleic amplification, DPC Diagnosis Procedure
Combination

The Japanese social security system pays for 70 % of
the healthcare costs of patients under the age of 75 years,
and 90 % of the healthcare costs of patients over the age of
75 years or patients with special conditions. Each intervention cost was weighted by the average reimbursement
rate (calculated from the number of BC patients under the

age of 75 years 9 70 %, and the number of patients over
75 years 9 90 %). The incidence of BC in Japan was cited
from published databases [3, 4].
Surgical and radiotherapy costs are considered doctor
fees and are not included in the DPC system. Following the
current treatment tendency, the study model consists of
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opposing portal irradiation (radiotherapy), tamoxifen
(hormone therapy), and AC (doxorubicin and cyclophosphamide) chemotherapy [28].
Drug costs were calculated from a published drug price
list [29] through the application of the recommended
courses of chemotherapy, trastuzumab and hormone therapy, as established in the NCCN guidelines. The body
surface area applied in the calculation was 1.48, which was
obtained based on the average stature and weight of
Japanese women over the age of 30 years [3]. Each active
substance has a different price depending on the dose and
trademark (generic or innovation). The prices applied in
the calculation were adjusted by the rate of generic costs in
oncologic medicine, i.e. 9.5 % [3], and an adequate dose
combination in each administration. For example, to treat a
patient with 88 mg of doxorubicin, the price of two units of
50 mg was totaled as there is no exact combination of
88 mg.
2.4 Time Horizon
The budget period was 1 year, starting in April and ending
in March, which is the Japanese fiscal year that government
offices follow and is appropriate for the budget holder. The
total study period was 5 years.
2.5 Model Description
In order to assess the cost gap between the GS and OSNA,
a two-scenario comparative model was applied—the reference scenario set on conventional clinical practice with
histologic diagnosis, against the test scenario set on the
new clinical practice adjusted for OSNA. The scenarios
were structured with the clinical pathways, which were
followed by the target patients [8, 13, 31] (Fig. 1).
Of the total number of BC patients, the scenarios indicated that 82 % had undergone SLNB and 96 % had
detected SLN [30, 32]. In the test scenario, OSNA replaced
the GS (hematoxylin and eosin or immunohistochemistry).
In the reference scenario, a conventional intraoperative
diagnosis yielded 15.8 % of the SLN positive cases and
84.2 % of the SLN negative cases in all SLNB patients
[24]. After the intraoperative diagnosis, SLN-negative
patients received a serial histology for further intentional
diagnosis, and 9.8 % of all SLNB patients presented with
metastasis at that moment in time [33].
The false negative rate came from a study that was
different from the study cited for determining intraoperative SLN-positive and SLN-negative rates because of the
lack of information. The percentages of SLN false negatives detected by postoperative GS, and SLN positives
detected by intraoperative GS are more than the percentage
of SLN positives detected by OSNA. The reason for the

SLN-positive rate difference between the two scenarios is
unknown but the significance of this value was tested via a
sensitivity analysis. SLN-positive patients with high-risk
metastasis can undergo ALND and axillary lymph node
biopsies.
The patients where metastasis was detected after serial
histology required a reoperation, which represented a
health expenditure of ¥130,533 (approximately US$1051),
not to mention the patients’ resulting physical and mental
stress. Clinical guidelines recommend the avoidance of
ALND in patients with SLN micrometastases [34]. From
previous studies, it is estimated that approximately 27 % of
positive SLNs are micrometastases [11]; 73 % of positive
patients receive ALND.
At the follow-up stage, patients normally undergo
mammography every year as part of their annual medical
assessment. Follow-up and treatment costs for recurrence
were adjusted by mean progression-free time [35].
In the test scenario, OSNA diagnosed 22.5 % of SLNpositive cases and 77.5 % of SLN-negative cases intraoperatively in all SLNB patients [24]. The pathway is similar
to the reference scenario, except for the avoidance of
postoperative diagnoses, a second operation, and ALND. In
the test scenario, ALND was decided using TTL, which is a
new predictor of axillary involvement. With a TTL cutoff
of 15,000, 45.8 % of SLN-positive patients can safely
avoid ALND. Systemic therapy and radiotherapy do not
vary according to scenarios, and hence the costs remain
unchanged.
From a previous study, the 5-year SR was 94.6 % in
negative patients, 96.3 % in patients with isolated tumor
cells, 100 % in micrometastases patients, and 84.1 % in
macrometastases patients, and the estimated mean was
94.7 % in both positive and negative patients [24, 35]. The
negative-patient group, with or without isolated tumor
cells, included false-negative patients diagnosed using GS;
however, the same SR was applied to both scenarios as no
study was found that sought PFSR in OSNA-diagnosed
patients.
Overall, it can be assumed that the clinical habit was
reflected in the scenarios as the clinical pathways and
estimated target patients, based on the most consulted
clinical guidelines in Japan and peer-reviewed articles.
2.6 Input Data
The parameter values assumed for all clinical and cost data
items for both scenarios are indicated in Table 1.
2.7 Data Sources
The data sources of the model, as well as inputs, are
described in Table 1. The data sources included peer-

Author's personal copy
Y. Saruta, J. Puig-Junoy
Table 1 Inputs for budget impact analysis
Variables

Inputs
(¥)

References
($)

Range (lowest–highest)
(¥)

($)

ALND rate (GS)

73 %

[11, 13]

62–77 %

ALND rate (OSNA)

54.2 %

[18]

40–77 %

Preventive chemotherapy cost

¥736,321

$5929

[35]

¥420,747–2,051,127

$3388–16,516

Preventive hormonotherapy cost

¥387,271

$3118

[35]

¥365,843–2,840,200

$2946–22,869

SR (SLN?)

94.7 %

[35]

66–100 %

SR (SLN-)

94.7 %

[35]

90–98.1 %

SLN- rate (GS)
SLN? rate (intraoperative GS)

74.4 %
15.8 %

[24]
[24]

72–84 %
13–28 %

SLN? rate (postoperative GS)

9.8 %

[33]

6.7–16.7 %

SLN- rate (OSNA)

77.5 %

[24]

76–79.1 %

SLN? rate (OSNA)

22.5 %

[24]

15.8–25.6 %

PFS

3 years

[35]

1–9 years

HER2? rate in recurrence

36.8 %

[33]

10–50 %

SLNB cost

¥30,169

$243

[3]

¥21,000–45,000

$169–362

Hospitalization cost without ALND

¥182,171

$1467

[3]

¥172,091–221,260

$1386–1782

Hospitalization cost with ALND

¥289,315

$2330

[3]

¥273,307–351,395

$2201–2829

Surgical treatment cost with ALND

¥315,557

$2541

[3]

¥296,450–475,380

$2387–3828

Surgical treatment cost without ALND

¥189,678

$1527

[3]

¥103,740–253,890

$835–2044

Normal radiotherapy cost

¥467,201

$3762

[3]

¥96,320–569,520

$776–4586

Radiotherapy cost with boost irradiation

¥555,586

$4474

[3]

¥111,020–17,012,520

$894–136,985

Intraoperative GS cost

¥18,838

$152

[3]

¥17,780–22,860

$143–184

Postoperative GS cost
ALND cost

¥4094
¥130,533

$33
$1051

[3]
[3]

¥3850–4950
¥88,200–169,200

$31–40
$710–1362

FNA cost in SLN

¥1487

$12

[3]

¥1400–1800

$11–14

FNA cost in tumor

¥2569

$21

[3]

¥1400–5850

$11–47

CT/MRI cost

¥6694

$54

[3]

¥6180–11,493

$50–93

CBC cost

¥1163

$9.4

[3]

¥1099–1413

$8.9–11

Whole-body bone scintigraphy cost

¥1630

$13

[3]

¥1540–1980

$12–16

Chemotherapy cost for recurrence

¥256,516

$2065

[3, 8, 29]

¥242,324–1,020,835

$1951–8220

Hormonotherapy cost for recurrence

¥77,454

$624

[3, 8, 29]

¥73,168–568,040

$589–4574

Hospitalization cost for first chemotherapy

¥22,167

$178

[3]

¥19,600–25,200

$158–203

Medical administration cost

¥530

$4.3

[3]

¥483–621

$3.9–5.0

Patient-visit administration cost

¥521

$4.2

[3]

¥490–630

$4.0–5.1

Medical assesment cost

¥3008

$24

[3]

¥1540–3600

$12–29

Mammography cost

¥1972

$16

[3]

¥1927–2476

$16–20

Imaging film cost

¥302

$2.4

[3]

¥269–353

$2.2–2.8

Normal radiotherapy rate in SLN?

51.7 %

[37]

0–100 %

Boost irradiation rate in SLN?
Normal radiotherapy rate in SLN-

28.5 %
62 %

[37]
[37]

0–100 %
0–100 %

Boost irradiation rate in SLN-

11 %

[37]

0–29 %

Chemotherapy rate in SLN?

60.6 %

[35]

16–100 %

Hormonotherapy rate SLN?

80 %

[35]

0–100 %

Chemotherapy rate SLN-

16.2 %

[35]

0–61 %

Hormonotherapy rate SLN-

74 %

[35]

0–100 %

Surgical treatment rate for recurrence

9.8 %

[43]

0–100 %

Radiotherapy rate for recurrence

9.4 %

[43]

0–100 %

Chemotherapy rate for recurrence

83.5 %

[43]

0–100 %
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Table 1 continued
Variables

Inputs
(¥)

Hormonotherapy rate for recurrence

References
($)

65.7 %

Range (lowest–highest)
(¥)

[43]

($)

0–100 %

The basic inputs used for the model in this study were listed, and the ranges of the lowest to highest inputs were tested in one-way and two-way
sensitivity analysis. The selected inputs were based on the data from previous studies and the data published by the Japanese Ministry of Health,
Labor and Welfare
ALND axillary lymph node dissection, GS gold standard, OSNA one-step nucleic amplification, SR survival rate, SLN sentinel lymph node, PFS
progression-free survival, HER2 human epidermal growth factor receptor, SLNB sentinel lymph node biopsy, FNA fine needle aspiration, CT
computed tomography scan, MRI magnetic resonance imaging, CBC complete blood count

reviewed literature and books, the official stakeholder’s
database, and clinical guidelines. The strengths, weaknesses, possible biases, and the direction and magnitude of
potential bias was described (ESM 2).
2.8 Data Collection
The authors searched data sources in Pubmed, on stakeholders’ web pages, and on web search engines using different combinations of keywords, such as ‘OSNA’, ‘breast
cancer’, ‘Japan’, and ‘survival rate’. The credibility of data
sources was evaluated, and only the peer-reviewed data and
the data officially published by associations representing
BC specialists, pharmacoeconomic specialists or stakeholders were used.
Selection criteria were applied to select the most
appropriate literature, and the outcomes were extracted that
correlated to the patient population, model structure, and
variables. The selection criteria were as follows: database
provided by the budget holder, studies with bigger patient
recruitment, data collected in Japan, studies on the recurrence rate in patients who received different interventions,
and studies that compared both SLNB methods of interest
[31]. The data abstraction protocol can be found in ESM 3.
2.9 Budget Impact of New Assay and Sensitivity
Analysis
The total costs were weighted by the proportion of patients
who received each intervention. The budget impact of
OSNA was the difference between the test scenario and the
reference scenario. The diagnosis/treatment failure rate was
calculated based on the 5-year SR derived from conventional diagnoses and applied in both scenarios. The savings
were demonstrated as the total number of patients diagnosed in the study period.
To estimate the effect of variable uncertainty and to
determine critical assumptions, a one-way sensitivity
analysis was performed, including all related variables in

the calculation of total savings. Forty-six variables relating
to the calculation of cost-savings were assessed by
checking the possible transition of outputs calculated from
the lowest to highest input interval.
Four variables, 5-year SR in positive or negative
patients, and in OSNA or GS, required a two-way sensitivity analysis as these variables correlated with each other.
The shift range of outputs obtained from a two-way sensitivity analysis between SR in positive and negative
patients was assessed. Another two-way sensitivity analysis
was performed for two variables (SR–OSNA and SR–GS)
in positive and negative patients, based on a threshold
between savings and costs after the introduction of OSNA.
The threshold was calculated from the equation ‘SR–
OSNA output = SR–GS output’, and was shown in linear
function.
The What-if model in the SensIt program (a sensitivity
analysis add-in for Microsoft Excel 2007–2013; Microsoft
Corporation, Redmond, WA, USA) was applied.

3 Results
3.1 Medical Costs and Resource Use
Resource and cost estimated annually over the time horizon
are shown in ESM 1 and Table 2.
The published cancer incidence prediction model [26]
reported a predicted BC incidence in 2015 of 89,400
patients in Japan. Of these, 82 % of BC patients meet the
criteria for inclusion as a candidate of SLNB; however,
SLN could not be detected in 4 % of the candidates.
Therefore, our target population included 79 % of the total
number of new BC cases, or 70,626 patients.
The introduction of OSNA improved diagnostic accuracy, and in all cases the test scenarios revealed lower costs
compared with the reference scenario over a 5-year period
(Table 3). An incorrectly diagnosed/treated positive or
negative patient receives excessive or insufficient

112,967,258

165,945,932

Chemotherapy

Hormonotherapy

205,024

15,526,346

Radiotherapy for
recurrence

Chemotherapy for
recurrence

751,805,560

776,144,177

306,750

15,526,346

205,886

272,049

208,169

5,847,085

166,355,566

118,904,186

206,630,179

29,829,784
232,058,177

38,118,105

613,500

31,052,692

205,024

254,278

208,169

5,784,442

38,136,739

613,500

31,052,692

205,886

272,049

208,169

5,784,442

Ref. scenario
($)

53,888,558

920,250

46,579,038

205,024

254,278

208,169

5,721,799

Test scenario
($)

Year 3

53,907,192

920,250

46,579,038

205,886

272,049

208,169

5,721,799

Ref. scenario
($)

69,659,011

1,227,000

62,105,384

205,024

254,278

208,169

5,659,156

Test scenario
($)

Year 4

69,677,645

1,227,000

62,105,384

205,886

272,049

208,169

5,659,156

Ref. scenario
($)

85,429,464

1,533,750

77,631,731

205,024

254,278

208,169

5,596,513

Test scenario
($)

Year 5

85,448,098

1,533,750

77,631,731

205,886

272,049

208,169

5,596,513

Ref. scenario
($)

Ref. reference

The cost of each care stage and total annual costs are estimated over the time horizon. The cost was calculated for 70,626 breast cancer patients who were diagnosed during the first year.
According to 5-year survival rate, 1.06 % of breast cancer treated patients were assumed to experience recurrence every year

Annual total costs

306,750

254,278

Surgical treatment for
recurrence

Hormonotherapy for
recurrence

208,169

Diagnosis for recurrence

5,847,085

205,764,487

Radiotherapy

Follow-up/monitoring

17,156,653
227,623,578

Test scenario
($)

Test scenario
($)

Ref. scenario
($)

Year 2

Year 1

Intraoperative diagnosis
Surgical treatment

Care stage

Table 2 Annual intervention cost in two scenarios
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Table 3 Total costs in different patient groups
Per patient
Total cost from correctly diagnosed/treated patients
Total cost from patients with recurrence

Test scenario

Reference scenario

SLN? (21 %)

SLN- (73 %)

SLN? (24 %)

$14,088

$9777

$14,374

SLN- (70 %)
$9961

SLN? (1 %)

SLN- (4 %)

SLN? (1 %)

SLN- (4 %)

$67,644

$63,332

$67,955

$63,542

The total costs of interventions used for a breast cancer patient during this study period were calculated for each diagnosis and prognosis. Patients
were categorized as positive or negative, and as being with or without recurrence. These values are shown in percentages. Correctly diagnosed/
treated patients were not supposed to have any recurrence, therefore there is no cost after the first year, except for monitoring, even though the
relapsed patients incurred additional treatment costs. The recurrence was assumed to occur in the middle of this study period, 2.5 years after the
first diagnosis
SLN sentinel lymph node

treatments and sometimes has a recurrence of the disease.
These patients cost approximately five to seven times more
than the cost of correctly diagnosed/treated patients in both
scenarios. OSNA reduced healthcare costs in all groups and
treatments for recurrence added more costs, regardless of
the diagnostic method.
3.2 Budget Impact After the Introduction
of the One-Step Nucleic Amplication Technique
Annual and cumulative budget impacts are shown in
Figs. 2 and 3, which follow a 5-year time horizon.
The projected total savings over the 5-year study
period after OSNA were ¥42,929 (approximately
US$346) per patient and ¥15,136,352,442 (approximately US$121,877,909.86) in all BC patients tested
using OSNA during the study period. This rate was more
than 2 % of the total healthcare costs for BC. Following
the budget period, the first year showed a savings of
¥42,798 (approximately US$345) per patient, which
represents the majority of savings.
From the second to fifth year, annual savings were ¥33
(approximately US$0.27) per patient. To the best of our
knowledge, no report has yet been published on the
application of OSNA in systemic therapy decision making,
and therefore the majority of savings were accrued from
the implementation of a new diagnosis in combination with
local treatments in the first year.

Fig. 2 Annual budget impact over the study period. Annual cost
saving was estimated following the stakeholders’ budget period,
including the diagnosis of new patients every year and their follow-up
or treatments

3.3 Sensitivity Analysis
A one-way sensitivity analysis demonstrated that no output
transitions reached lower than ¥0 and, consequently, no
variation resulted in OSNA being cost-incurring (Fig. 4).
No PFSR data regarding OSNA-diagnosed patients have
been published, but the 5-year SR was one of the most
sensitive variables in both scenarios. The two-way sensitivity analysis of the 5-year SR between positive and

Fig. 3 Cumulative budget impact over the study period. The
cumulative cost saving was estimated from the annual total savings,
and followed the stakeholders’ budget period
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Fig. 4 Output transition of the study variables. The vertical line
indicates the total cost saving from the base input, and the horizontal
lines reveal the shift in the range of outputs obtained by one-way
(black) and two-way (gray) sensitivity analysis. CM chemotherapy,
SLN sentinel lymph node, GS gold standard, OSNA one-step nucleic
amplification, SR survival rate, ALND axillary lymph node dissection,

RT radiotherapy, ST surgical treatment, HT hormonotherapy, PFS
progression-free survival, SLNB sentinel lymph node biopsy, FNA
fine needle aspiration, CBC complete blood count, CT computed
tomography scan, MRI magnetic resonance imaging, HER2 human
epidermal growth factor receptor

negative patients revealed cost savings from the implementation of OSNA for any possible inputs (Fig. 4). Based
on this, the correlation between the two variables (SR–
OSNA and SR–GS) was further analyzed in both positive
and negative patients. Two output equations, SR–OSNA
output = SR–GS output, resulted in linear function
[y % 1.14x - 0.16 in positive patients and y %
0.96x ? 0.029 (x = SR–GS, y = SR–OSNA) in negative
patients]. These equations revealed a threshold between
savings and costs after the introduction of OSNA. The
corresponding base inputs were placed above the thresholds in both patient groups, meaning that the test scenario
was predominant, with the latter costing less compared
with the reference scenario.

4 Discussion
The most significant finding of this study was that OSNA
reduces healthcare costs, similar to the previous budget
impact analysis of a molecular technique [34]. From the
budget impact over the time horizon, this was observed
mostly in SLNB and surgery treatment because OSNA
optimized the ALND decision for TTL and avoided reoperation for the false-negative patients by providing an
accurate and definitive diagnosis intraoperatively.
The scenario model was based on the studies performed
in a wider variety of settings. Over the short term, the
clinical evidence on OSNA has accumulated over several
studies performed in a multinational setting and wider
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variety of settings, while over the long term, the same SR
and clinical practice were applied to both scenarios in this
study. Therefore, differences in clinical practice among
countries will not affect the economic impact, and the
scenario model of this study is considered generalizable in
Europe and the Asia–Pacific region. Nonetheless, the difference of intervention cost and healthcare systems has to
be considered before performing a budget impact analysis
on these countries.
From a sensitivity analysis, all outputs that were changed from possible input intervals were positive values,
meaning the test scenario reduced costs. The 5-year SR
correlation between the test scenario and reference scenario
showed a proportional indifference line, which represents a
turning point of savings and costs and gives the idea that
the better the SR in OSNA is, the greater the savings. This
study contributes to reinforcing the economic evaluation of
this new technique.
The savings amount for OSNA may improve if the
PFSR difference between the patients diagnosed using
OSNA and GS is included. Five years after the initial
treatment, approximately 5 % of SLN-negative patients
had a recurrence and/or died because of the diagnosis/
treatment failure, thereby increasing the costs even further
[35]. The published PFSR in OSNA will clarify the economic impact of OSNA on recurrence cases.
Recently, the avoidance of ALND after SLNB has been
the subject of debate. Some studies have shown no significant difference in recurrence among early BC patients
who received or did not receive ALND in the Z0011 eligibility criteria [13, 36, 37], although the possibility of
improvement in the PFSR for ALND cannot be completely
dismissed [13]. Other studies suggest that radiotherapy can
replace ALND as a local treatment in SLN-positive
patients [38, 39].
A change of surgical treatment sometimes poses a
problem for further treatment decisions since the results of
axillary lymph node biopsies were an indicator for treatment decisions. SLNB has recently been recognized as a
new indicator instead of axillary lymph node biopsies.
The studies by Peg et al. [18] and Rubio et al. [19]
supported diagnostic certainty by comparing TTL provided
by OSNA with risk factors used in nomograms. The TTL
value is a better predictive indicator than these factors for
determining axillary involvement for further treatment.
Nomograms are normally give all-round pathologic scores
and they vary according to each hospital. OSNA provides a
standardized quantitative value and TTL can be the standard indicator for ALND or other treatment options [19,
40, 41]. This can reduce healthcare costs by avoiding
unnecessary ALND and recurrences due to insufficient
treatment. Further studies of TTL application in treatment
are recommended in order to reinforce the statement.

Today, there is a need to optimize inpatient treatments
and decrease hospital fees in Japan. The DPC system is one
of the solutions for better managing national healthcare
expenditure [42]. OSNA analyzes samples automatically
and reduces patient stress due to reoperation. This can
reduce indirect costs and the cost of complications caused
by reoperation, both of which were not included in this
study.
Additional study may be of interest to assess whether
OSNA contributes further treatment decision such as prophylactic chemotherapy and savings.
Overall, it is recommended, in practice, that this new
technique is adopted in SLNB, and that TTL is applied for
ALND decisions. The application reduces unnecessary
surgical treatment and disease burden of patients, and
optimizes the use of not only doctor fees but also hospital
fees. The cost saving helps the insurer to effectively distribute budget to other needed treatments.
Correct adjustment of the benchmark of total daily costs
in DPC system is also recommended for productive treatments and cost savings. In addition to correct budget distribution, it prevents insufficient treatments for inpatients.
4.1 Limitations
There were several limitations to this study. Some sources
were published in different years, even though no data from
more than 10 years ago were included. Treatment decisions
often differ from hospital to hospital, and the cited data
coming from a few hospitals may bias the assumption set
as the most widely used decision. The 5-year SR was
calculated using cases of recurrence and/or death, and since
the diagnosis/treatment failure rate was calculated from
this, including the treatment costs for recurrence in cases of
eventual death could not be avoided. Index of medical
institution for the DPC system were not considered in this
study since no average data were available. The healthcare
reimbursement rate is not relevant in patients with special
conditions. Any additional fees caused by special situations
(emergency visits, long-distance visits, etc.) were not
included in the analysis.
The yen–dollar exchange rate was based on the rate of
¥1 = US$0.008052 on 28 May 2015, cited from City Bank
NA.

5 Conclusions
New intraoperative SLN diagnoses revealed a negative
budget impact, with the cost saving occurring due to a
definitive intraoperative diagnosis, as confirmed using
sensitivity analysis. By providing an accurate predictive
value of axillary involvement, physicians can avoid the use
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of unnecessary ALND, reducing direct costs. Further
clinical studies may be needed to assess the application of
OSNA in various forms of treatment decisionmaking, in
addition to the cost savings.
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