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Abstract

Background It is important to assess whether the early detection of breast cancer affects medical care costs. However,
research remains scant on the actual medical care costs associated with breast cancer treatment in Japan. This study aimed
to determine the medical care costs of breast cancer treatment based on its stage using national health insurance claims data.
Methods This was an observational study including patients with breast cancer who had undergone breast cancer treatment,
as defined by the disease name and related treatment codes. Between August 2013 and June 2016, patients who underwent
surgical treatment without axillary lymph node dissection and other radical treatment were classified as the curable group,
while those who underwent palliative treatment were classified as the non-curable group. Patients were further stratified
by subtype. The total and treatment-specific medical care costs for the five years were calculated using the national health
insurance claims data of Hachioji City between August 2013 and May 2021.

Results The mean total medical care costs for the curable and non-curable groups for the 5 years were JPY 3958 thousand
(standard deviation 2664) and JPY 8289 thousand (8482), respectively. The mean medical care costs for specific breast cancer
treatment for the curable and non-curable groups were JPY 1142 (728) thousand and JPY 3651 thousand (5337), respectively.
Further, human epidermal growth factor receptor 2 4+, Hormone + patients had the highest mean cost over the 5 years.
Conclusions The results suggest that the early detection of breast cancer may reduce medical care costs at the patient level.

Keywords Breast neoplasms - Medical care costs - Healthcare administrative claims - Case study

Introduction per Japan’s public health policy [3]. For mammogram-posi-

tive patients, it is important to increase the cancer screening
Breast cancer is the most commonly diagnosed cancer and  rate via mammography and subsequent diagnostic investiga-
leading cause of death in women [1]. Breast cancer screen-  tions such as ultrasound and magnetic resonance imaging [4,
ing using mammography, which reduces mortality from the ~ 5]. Approximately 1,700 municipalities in Japan are respon-
disease [2], is conducted in women aged 40 years or older as sible for providing and financing population-based cancer
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screening programs for their citizens [3]. Local municipali-
ties are thus keenly interested in the budgetary impact of
cancer screening, namely, the costs of both screening and
related medical care. However, little information is avail-
able on whether the early detection of breast cancer reduces
medical care costs in Japan.

To assess the efficacy of the early detection of breast can-
cer in reducing medical care costs, it is important to deter-
mine these costs based on the breast cancer stage. Some
reports have described medical care costs for breast cancer
in certain stages and periods [6, 7]. In Japan, first-year medi-
cal care costs have been reported using Diagnosis Procedure
Combination data [8]. However, these data are based on hos-
pital-specific records and fail to capture patients’ transitions
between medical institutions. Moreover, treatment costs for
breast cancer can vary based on both the disease characteris-
tics such as hormone receptor and human epidermal growth
factor receptor 2 (HER2) status [9, 10] and patient-specific
factors such as complications and comorbidities [11]. There-
fore, it is crucial to capture both the total and the treatment-
specific costs associated with breast cancer treatment across
medical institutions over an extended period.

For health insurers such as Japanese municipalities, the
total medical care costs of breast cancer treatment may hold
more significance than treatment-specific costs. Although
municipalities are responsible for population-based cancer
screening in Japan [3], a comprehensive analysis of the total
and treatment-specific costs for patients with breast cancer
for an extended period, stratified by stage and subtype, is
lacking. Thus, this study aimed to determine the total and
treatment-specific medical care costs of treating breast can-
cer by stage and subtype in Japan. It used national health
insurance claims data, which provide a complete view of
patient treatment trajectories across healthcare institutions.
Its findings will help health insurers understand the financial
burden of breast cancer. Furthermore, it is the first study in
Japan to examine the medical care costs of breast cancer
patients using a municipality’s national health insurance
claims data.

Materials and methods
Design and setting

In this observational study, we used anonymized national
health insurance claims data (inpatient, outpatient, and dis-
pensing pharmacy) from May 2013 to May 2021 in Hachioji
City, located in the west of Tokyo. As of 2020, Hachioji
City had approximately 580,000 residents covered by 35
hospitals, including two designated cancer hospitals. Our
working group was commissioned to analyze medical care
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costs in Hachioji City as part of the city’s cancer screening
project [12].

Patients

This study included female patients with breast cancer or
C50 according to the International Classification of Dis-
eases, Tenth Revision, between May 2013 and June 2016.
We also included patients with codes for specific breast
cancer treatment between August 2013 and June 2016. We
created a study group comprising two breast surgery spe-
cialists accredited by the Japanese Breast Cancer Society,
two clinical oncologists certified by the Japanese Society of
Medical Oncology, two general clinical oncologists from the
Japan Board of Cancer Therapy, and two oncologists with
substantial experience in analyzing national health insur-
ance claims data. This group extracted the procedure codes
associated with certain breast cancer procedures from the
Ministry of Health, Labour and Welfare and the codes for
the anticancer agents insurance covered for treating breast
cancer, as shown in Table 1. Our previous study identified
patients with breast cancer from national health insurance
claims data [13]. We used an algorithm that defined treat-
ment using the aforementioned codes for specific breast can-
cer treatment: surgery, radiation, chemotherapy, antibody
therapy, and hormone therapy (Table 1).

As for disease name, we omitted suspected cases and
only used confirmed cases. Nevertheless, the disease name
in national health insurance claims data does not accurately
match the diagnosed disease name. For example, in some
cases, the disease name can continue to be displayed even
when the patient is not undergoing any breast cancer treat-
ment or it can be simply entered for medical fee claims.
Therefore, during the study period, the claims data could
have three groups of patients with breast cancer as the dis-
ease name: the group with breast cancer that received treat-
ment for it, the group with breast cancer that received no
treatment for it (e.g., older patients and patients with mul-
tiple comorbidities), and the group without breast cancer.
Hence, patients with breast cancer as the disease name and
a code for the specific breast cancer treatment were deter-
mined to have breast cancer. However, we excluded patients
with a code for specific breast cancer treatment between May
and July 2013 in their claim because their treatment could
have started before the study period. Given that the confir-
mation or modification of the disease name may take some
time, we included patients with breast cancer as the disease
name up to June 2016. As for the age limit, national health
insurance does not cover people aged 75 years or older.
Therefore, we included only those patients who had breast
cancer and were aged less than 70 at the start of treatment,
which allowed them to be followed up after 5 years.
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Table 1 The codes associated with specific procedures for breast cancer, and the claim computer processing system codes of the anticancer

agents for breast cancer

Specific breast cancer treatment

Procedure code

Surgical treatment for malignant breast tumor with axillary lymph node dissection

Extended mastectomy

Partial mastectomy

Areola-preserving breast-conserving surgery
With bilateral axillary lymph node dissection

150,121,910
150,262,710
150,386,510
150,122,150

Surgical treatment for malignant breast tumor without axillary lymph node dissection

Mastectomy
Partial mastectomy
Areola-preserving breast-conserving surgery
Surgical treatment for malignant breast tumor
Cryoablation
Simple mastectomy
Mastectomy without pectoralis muscle excision
Mastectomy with pectoralis muscle excision
Sentinel lymph node biopsy
Lymph node dissection
Axillary lymph nodes
Supra/ infraclavicular lymph nodes
Parasternal lymph nodes
Other surgical treatment (not limited to malignant breast tumor)
Breast tumorectomy
Mastectomy
Segmental mastectomy
Breast reconstructive surgery

Incision and drainage of breast abscess
Radiotherapy

X-ray therapy

High-energy radiotherapy

Intensity modulated radiation therapy
Whole breast radiation therapy
Chemotherapy
Generic name
Cytotoxic anticancer treatment
Methotrexate
Cytarabine

Capecitabine

Fluorouracil

Uracil-tegafur

150,316,510
150,303,110
150,386,410

150,121,550
150,121,610
150,121,710
150,121,810
150,345,870, 150,345,970

150,156,610
150,156,510
150,156,710

150,121,110, 150,121,210, 190,179,610, 190,179,710
150,121,410, 150,413,710
150,274,610

150,292,310, 150,316,610, 150,316,710, 150,369,750, 150,369,850,
150,371,710, 150,371,910, 150,374,010

150,120,910

180,008,810, 180,019,410

180,020,710, 180,020,810, 180,020,910, 180,021,010, 180,021,110,
180,021,210, 180,021,310, 180,021,410, 180,021,510,
180,021,610, 180,021,710, 180,021,810, 180,021,910,
180,022,010

180,031,710, 180,031,910, 180,032,010
180,043,270

Claim computer processing system code

620,007,515, 622,221,301, 644,210,048, 644,210,049
620,003,713

610,470,009, 622,656,401, 622,674,301, 622,677,701, 622,679,001,
622,695,801, 622,700,101

610,461,237, 614,210,003, 614,210,004, 614,220,008, 614,220,009,
622,047,901, 622,229,101, 622,412,501, 622,412,601,
640,463,105

620,915,001, 621,929,901, 621,930,001, 621,930,101
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Table 1 (continued)

Specific breast cancer treatment

Procedure code

Oteracil potassium, gimeracil,
tegafur

Tegafur

Doxifluridine

Gemcitabine hydrochloride

Doxorubicin hydrochloride

Epirubicin hydrochloride

Mitoxantrone hydrochloride
Pirarubicin

Aclarubicin hydrochloride
Paclitaxel

Docetaxel hydrate

Eribulin mesylate
Vinorelbine tartrate
Carboplatin

Cisplatin

Cyclophosphamide hydrate
Mitomycin C

620,009,353, 620,009,354, 620,915,501, 620,915,601, 622,243,001,
622,243,101, 622,254,901, 622,255,001, 622,256,001,
622,256,101, 622,266,701, 622,266,801, 622,275,701,
622,275,801, 622,285,701, 622,285,801, 622,294,601,
622,294,701, 622,397,101, 622,397,201, 622,397,301,
622,397,401, 622,430,801, 622,430,901, 622,434,701,
622,434,801, 622,487,301, 622,487,401, 622,497,901,
622,498,001, 622,537,501, 622,537,601

610,461,179, 620,004,566, 620,004,820, 620,005,087, 620,006,168,
620,906,901, 620,907,005, 620,910,101

614,210,128, 614,210,129

621,970,201, 621,970,202, 621,970,301, 621,970,302, 621,973,401,
621,973,501, 621,994,401, 621,994,501, 622,019,601,
622,019,701, 622,028,601, 622,028,701, 622,062,103,
622,062,105, 622,062,203, 622,062,205, 622,098,901,
622,099,001, 622,202,401, 622,202,501, 622,272,801,
622,272,901, 622,393,001, 622,393,101, 622,460,401,
622,460,501, 622,487,701, 622,487,801, 640,454,012,
640,454,013

620,003,675, 620,004,851, 621,983,201, 621,983,301, 621,995,301,
621,995,401, 622,014,001

620,003,790, 620,003,791, 620,003,792, 620,003,793, 620,007,224,
620,007,225, 620,008,174, 620,008,175, 620,009,523,
620,009,524, 620,009,525, 620,009,526, 620,009,527,
621,966,401, 621,966,501, 621,966,601, 621,966,701,
622,246,601, 622,246,701, 622,760,200, 622,760,300,
622,760,400

640,454,032, 644,290,005
620,003,762, 620,003,763, 620,005,206, 620,005,207, 622,513,101
620,005,148

620,003,751, 620,003,752, 620,004,170, 620,004,171, 620,005,688,
620,005,689, 620,005,690, 621,970,101, 622,009,101,
622,009,102, 622,009,201, 622,009,202, 622,082,001,
622,082,101, 622,259,101, 622,259,201, 622,375,001,
622,375,101, 622,760,500, 622,760,600, 622,760,700

620,919,801, 620,919,901, 622,068,501, 622,068,601, 622,215,301,
622,215,401, 622,231,801, 622,231,901, 622,272,001,
622,272,101, 622,283,101, 622,283,201, 622,285,201,
622,285,301, 622,285,401, 622,290,401, 622,290,501,
622,294,901, 622,295,001, 622,295,501, 622,295,601,
622,354,801, 622,354,901, 622,356,401, 622,356,501,
622,408,501, 622,408,601, 622,417,601, 622,417,701,
622,429,301, 622,429,401, 622,435,002, 622,435,102

622,085,201
621,954,401, 621,954,501, 640,432,004, 640,432,005

620,004,117, 620,004,118, 620,004,119, 620,004,120, 620,004,121,
620,004,122, 620,004,732, 620,004,733, 620,004,734,
620,007,254, 620,007,255, 620,007,256, 621,754,502,
621,754,602, 621,754,702, 622,098,103, 622,098,203,
622,098,303, 622,761,100, 622,761,200, 622,761,300

620,004,129, 620,004,130, 620,004,131, 620,006,298, 620,006,299,
620,006,300, 620,008,946, 620,008,947, 620,008,948,
620,009,545, 620,009,546, 620,009,547, 620,923,202,
620,923,301, 620,923,602, 620,923,701, 620,924,002,
620,924,101, 622,760,800, 622,760,900, 622,761,000,
644,290,002, 644,290,003, 644,290,004

620,005,941, 622,181,601, 640,453,101, 644,210,037
620,000,328, 620,000,329

@ Springer



Breast Cancer (2024) 31:105-115

109

Table 1 (continued)

Specific breast cancer treatment

Procedure code

Irinotecan hydrochloride hydrate

Nogitecan hydrochloride
Monoclonal antibody treatment
Bevacizumab
Lapatinib tosilate hydrate
Pazopanib hydrochloride
Pertuzumab
Trastuzumab
Trastuzumab emtansine
Trastuzumab deruxtecan
Atezolizumab
Pembrolizumab
Hormonal treatment
Tamoxifen citrate

Toremifene citrate

Fulvestrant
Exemestane

Letrozole

Anastrozole

Leuprorelin acetate

Goserelin acetate
Medroxyprogesterone acetate

Palbociclib
Abemaciclib
Everolimus
Methyltestosterone
Mepitiostane
Ethinylestradiol

620,007,257, 620,007,258, 620,009,515, 620,009,516, 620,009,517,
620,009,518, 620,009,519, 620,009,520, 620,009,521,
620,009,522, 620,919,501, 620,919,701, 621,900,302,
621,900,402, 622,019,401, 622,019,501, 622,059,701,
622,059,801, 622,091,101, 622,091,201, 622,230,201,
622,230,301, 622,236,901, 622,237,001, 622,258,901,
622,259,001, 622,470,401, 622,470,501

620,005,197

620,004,872, 620,004,873

621,911,601

622,201,801

622,255,101

622,069,801, 622,069,901, 640,451,013, 620,001,938
622,264,401, 622,264,501

629,907,101

622,594,601

622,515,701, 622,515,801

620,001,885, 620,003,572, 620,003,573, 620,003,593, 620,003,594,
620,920,504, 620,921,003, 620,921,005, 620,921,201,
620,921,501, 620,921,701, 620,921,903, 620,921,905,
622,041,701, 622,053,001, 622,075,101, 622,317,900,
622,671,201, 622,671,301

610,407,022, 610,407,023, 620,004,006, 622,169,001, 622,742,600,
622,742,700

622,101,401
610,462,026, 622,115,801, 622,118,801, 622,158,301

620,003,467, 622,411,401, 622,412,801, 622,413,201, 622,417,401,
622,418,401, 622,418,402, 622,420,001, 622,422,101,
622,427,401, 622,427,901, 622,429,201, 622,429,901,
622,431,001, 622,432,001, 622,433,901, 622,435,201,
622,436,701, 622,438,901, 622,475,600

620,003,507, 622,180,501, 622,192,601, 622,195,001, 622,195,501,
622,198,501, 622,202,701, 622,204,401, 622,208,401,
622,208,701, 622,211,201, 622,213,401, 622,213,701,
622,215,501, 622,218,301, 622,220,301, 622,222,601,
622,222,701, 622,238,501, 622,309,400, 622,671,101,
622,689,100

620,555,101, 620,555,201, 620,555,301, 620,555,401, 621,495,301,
622,266,501, 622,266,601, 622,298,301, 622,298,401,
622,444,901, 640,406,224, 640,432,015

640,432,016, 640,462,036, 642,490,119

640,443,027, 640,462,004, 642,490,105

610,412,174, 610,433,100, 610,433,122, 610,454,075, 610,454,076,
612,470,030, 620,008,693, 620,537,802, 620,537,901,
620,538,001, 620,538,201, 620,538,401, 621,285,301,
622,736,700

622,703,401, 622,703,501, 622,586,501, 622,586,601

622,653,801, 622,653,901, 622,654,001

621,980,901, 622,216,801, 622,226,301, 622,226,401

610,407,122, 610,441,033, 612,460,005, 620,006,565

620,006,975

612,470,008, 620,009,249
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Grouping patients by breast cancer treatment stage

We categorized patients with breast cancer into three groups
based on the specific breast cancer treatment conducted
during the study period: surgical treatment without axillary
lymph node dissection (ALND; surgery without ALND
group), other radical treatment with or without postopera-
tive adjuvant chemotherapy (other radical treatment group),
and palliative therapy (palliative group). The treatment in
these groups corresponded to the respective treatment rec-
ommended for breast cancer classified as Stage 0/1, Stage
II/IT1, and Stage IV according to the Classification of Breast
Carcinoma by the Japanese Breast Cancer Society [14].
Radical treatment was a treatment that included the surgi-
cal resection of the primary lesion. Patients who underwent
radical chemoradiotherapy were included in the other radi-
cal treatment group. Palliative treatment included chemo-
therapy for a more than a year, molecular targeted therapy,
and treatment for distant metastases, including the radiation
of metastatic lesions.

Patients with breast cancer who underwent tumorectomy,
mastectomy, and other radical treatment (i.e., the surgery
without ALND and other radical treatment groups) were
defined as the curable group, while those in the palliative
group were defined as the non-curable group. Patients with
breast cancer were further classified according to their HER2
and hormone receptor status based on the specific breast
cancer treatment they received during the study period and
by referring to the diagnosis and pharmaceutical codes [15].
At least two experts from the working group reviewed indi-
vidual claims data. Any discrepancies were resolved through
expert discussions and we confirmed the accuracy of the
classification based on the patient’s breast cancer treatment.

Calculating the outcome measures

The primary outcome was the total medical care costs
incurred by the curable and non-curable groups over the
5 years following the initial specific breast cancer treat-
ment. Owing to the recording of multiple disease names
within a claim, we could not accurately determine the
costs associated with individual diseases [16]. Con-
sequently, we aggregated the total medical care costs
for managing breast cancer, which comprised the costs
related to diagnostic procedures, perioperative manage-
ment, handling of surgery-related complications, manage-
ment of chemotherapy-induced side effects, and treatment
for symptoms associated with cancer progression, par-
ticularly in the terminal phase. The median survival time
reported for metastatic breast cancer is approximately
30 months [17]. Although breast cancer holds potential
for long-term recurrence [18, 19], one of the indications
for the treatment of hormone-positive and follow-up for
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HER2-positive breast cancer is five years [20, 21]. As
such, the study period was set to five years. Total medi-
cal care costs were calculated by summing the claimed
amounts each month, rounded to the nearest thousand.

Four secondary outcomes were identified: (1) the medical
care costs of specific breast cancer treatment for the cur-
able and non-curable groups over the five years; (2) medical
care costs (at six-month intervals for the first year and then
yearly for the subsequent four years) for the three groups; (3)
medical care costs for different age groups (20-29, 30-39,
40-49, 50-59, and 60-69 years) for the three groups; and
(4) medical care costs based on hormone and anti-HER2
therapies. The medical care costs of specific breast cancer
treatment were determined using the national fee schedule
for 2021 in Japan and by referring to the codes in Table 1.
The incidence rate of breast cancer was calculated based on
the number of patients identified with breast cancer by our
algorithm or those identified in the claims data.

Statistical analysis

Continuous variables were described using means and stand-
ard deviations (SDs). Categorical variables were described
using numbers. Medical care costs were calculated and dis-
played as mean (SD) and median (interquartile range, IQR).
Patients with missing data were excluded from the analy-
sis. These analyses were conducted using JMP Pro® 16.1.0
(SAS Institute Inc., Cary, NC, USA).

Results
Patients

In Hachioji City, national health insurance covered 61,368
women in 2021, representing 26.3% of the female population
aged under 75 years. Between May 2013 and June 2016, we
identified 3467 insurance claims associated with breast can-
cer diagnoses. Of these, 651 patients underwent a specific
breast cancer treatment (see Table 1) between August 2013
and June 2016. We excluded patients aged 70 or older, those
who underwent only hormone therapy, those who could not
be classified into specific treatment groups, and those whose
breast cancer treatment could have been administered for
other diseases, including other malignancies (Fig. 1). This
left 288 patients: 204 in the curable group (154 who under-
went surgery without ALND and 50 who underwent other
radical treatment) and 84 in the non-curable group. In the
first round, the agreement rate for the group classification
was 82%, but it reached 100% in the expert panel discus-
sions. The mean ages of patients undergoing surgery without
ALND, other radical treatment, and palliative treatment were
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| May 2013 to May 2021 National health insurance claims data of the City |

| With the disease name of breast cancer (ICD-10 C50) (n = 3467) |

Without specific treatmentto breast
cancer (n = 1256)

,| Started treating before July 2013 or
! after July 2016 (n = 1560)

Cases with the disease name of breast
cancer started treatment from August
2013 to June 2016 (n = 651)

Excluded

70 years or older (n = 146)

Hormone therapy alone (n = 139)

Unable to classify by experts (n = 29)

Main disease was other than breast cancer (n = 49)

I I

Surgery without axillary

Other radical treatment

Palliative treatment

lymph node dissection n=50 n=284
n=154
[ Curable ] [ Non-curable ]
Fig. 1 Flowchart showing the details of patient enrollment
Table2 Age distribution of the 20-39 years 40-49 years 50-59 years 60-69 years Total Mean age
breast cancer treatment groups (years)
Surgery without axillary 5 25 28 96 154  59.0(8.8)
lymph node dissection
Other radical treatment 4 5 5 36 50 60.6 (10.1)
Palliative treatment 5 11 16 52 84 58.0 (9.7)

Table 3 Number of patients stratified by the hormone and anti-HER2
therapies in the breast cancer treatment groups

Hor- Hor- Hor- Hor-
mone+, mone+, mone-, mone-,
HER2- HER2 + HER2+  HER2-
Surgery without 97 17 6 34
axillary lymph node
dissection
Other radical treat- 40 2 3 5
ment
Palliative treatment 47 16 10 11

59.0, 60.6, and 58.0 years, respectively (Table 2). Table 3
shows the patient counts stratified by the hormone and anti-
HER? therapies.

Medical care costs

The mean total medical care costs for the curable and non-
curable groups for the 5 years were JPY 3958 thousand (SD
2664) and JPY 8289 thousand (8482), respectively. Table 4
summarizes the total medical care costs of the three treat-
ment groups. The mean total medical care costs increased
for all the treatment groups over the 5 years, with surgery
without ALND being the least expensive (increasing from
JPY 1431 thousand in the first 6 months to JPY 3565 thou-
sand over the 5 years). The costliest treatment was palliative
treatment, with a mean cost of JPY 1598 thousand in the first
6 months and JPY 8289 thousand over the 5 years.

The mean medical care costs for specific breast cancer
treatment for the curable and non-curable groups were JPY
1142 thousand (728) and JPY 3651 thousand (5337), respec-
tively. This cost also increased for all the treatment groups
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Table 4 Cumulative total medical care costs in the breast cancer treatment groups

Total medical

care costs for six  costs for one year

Total medical care Total medical care
costs for two years

Total medical care
costs for five years

Total medical care
costs for four years

Total medical care
costs for three

months years
Mean (SD) [1000 JPY]
Surgery without 1431 (554) 1890 (934) 2466 (1382) 2909 (1720) 3284 (1937) 3565 (2120)
axillary lymph
node dissection
Other radical treat- 1822 (654) 2719 (1201) 3469 (1880) 4128 (2464) 4644 (3048) 5173 (3657)
ment
Palliative treat- 1598 (1170) 2817 (2175) 4565 (4041) 6114 (5940) 7230 (7228) 8289 (8482)
ment
Median (IQR) [1000 JPY]
Surgery without 1349 (1062,1726) 1644 (1232,2231) 2108 (1574,2744) 2442 (1735,3273) 2707 (1928,4027) 3003 (2047,4362)
axillary lymph
node dissection
Other radical treat- 1889 (1321,2128) 2492 (1763,3658) 2989 (2156,4271) 3453 (2526,5362) 3955 (2668,5921) 4564 (2795,6636)
ment
Palliative treat- 1306 (658,2312) 2119 (1112,4113) 2964 (1466,6396) 3879 (2307,7626) 4840 (2730,8586) 5374 (2947,10,578)

ment

over the 5 years. The costliest treatment was for metastasis/
recurrence, increasing from JPY 1215 thousand in the first
year to JPY 3651 thousand over the 5 years (Supplemental
Table 1).

Table 5 displays total medical care costs for the differ-
ent age groups. For most age groups, the most expensive
treatment was other radical treatment with lymph node dis-
section. This was particularly expensive for the 30-39 age
group (JPY 9791 thousand). In the non-curable group, medi-
cal care was expensive for older age groups (JPY 11,469
thousand for the 50-59 age group and JPY 8425 thousand
for the 60-69 age group).

Table 6 shows medical care costs based on the hormone
and anti-HER?2 therapies. HER2 +, Hormone + patients had

the highest mean total medical care cost over the 5 years,
increasing from JPY 2257 thousand in the first 6 months
to JPY 9906 thousand over the 5 years. Similarly, the
HER?2 + groups had a higher mean medical care cost for
specific breast cancer treatment (Supplemental Table 2).

Discussion

Our findings revealed the treatment costs associated with
different breast cancer treatment in a Japanese municipality.
Total medical care costs increased over the 5 years for all
types of breast cancer treatment. This result aligns with the
findings of several previous studies: breast cancer-associated

Table 5 Distribution of the total medical care costs for the five years by age group

Mean (SD) [1000 JPY]

20-29 years 30-39 years 40-49 years 50-59 years 60-69 years Total
Surgery without axil- 2530 (730) 2375 (1128) 3228 (1741) 4027 (2315) 3565 (2120)
lary lymph node
dissection
Other radical treat- 9791 (10,489) 5125 (3647) 4202 (1485) 4801 (2193) 5173 (3657)

ment
Palliative treatment 4,489 4937 (1980)
Median (IQR) [1000 JPY]

2473 (1888-3199)

4588 (4238)

Surgery without axil-
lary lymph node
dissection

Other radical treat-
ment

5243 (3449-20,683)

Palliative treatment 4,489 4909 (3035-6868)

2339 (1574-3129) 2662 (2083-3924)

5721 (1527-8426) 4272 (2839-5529)

11,469 (12,419) 8,425 (7,788) 8289 (8482)

3309 (2244-5720) 3003 (2047-4362)

4564 (2723-6644) 4564 (2795-6636)

2764 (1325-8864) 5968 (3694-17,427) 5684 (3361-11,276) 5374 (2947-10,578)
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Table 6 Cumulative total medical care costs stratified by hormone therapy and anti-HER?2 therapy

Total medical

care costs for six  costs for one year

Total medical care Total medical care Total medical care Total medical
costs for two years costs for three

Total medical care

care costs for four costs for five years

months years years
Mean (SD) [1000 JPY]
HER2 +, Hor- 2187 (1019) 3653 (1828) 5664 (4388) 7047 (6384) 8124 (8547) 9030 (10,439)
mone-
Hormone +, 1393 (651) 1934 (1082) 2645 (1717) 3323 (2454) 3894 (2995) 4406 (3537)
HER2-
Hormone +, 2257 (937) 4115 (1757) 6297 (3167) 7845 (5062) 8864 (6475) 9906 (7992)
HER2 +
Triple negative 1380 (789) 1885 (1364) 2439 (2475) 2958 (3779) 3283 (3990) 3497 (4015)

Median (IQR) [1000 JPY]

HER2 +, Hor- 2109 (1325-2393) 3314 (2153-4744) 4027 (2489-7245)
mone-

Hormone +, 1333 (955-1762) 1682 (1196-2316) 2256 (1582-2932)
HER2-

Hormone +, 2215 (1753-2807) 3991 (3359-5262) 5333 (4568-6907)
HER2 +

Triple negative 1,261 (874-1759)

1640 (1064-2276) 1919 (1276-2754)

5182 (3067-7245) 5313 (3067-7245) 5400 (3067-8243)

2687 (1852-3838) 3048 (2084—4895) 3431 (2340-5699)
5739 (4963-7710) 5939 (5367-9704) 6339 (5793-12,025)

2372 (1527-3145) 2554 (1609-3611) 2636 (1744-3987)

medical care costs rise over time due to factors such as dis-
ease progression, treatment complications, and the need for
long-term supportive care [11]. We found that medical care
costs are higher for the non-curable group than for the cur-
able group, similar to the findings of a colorectal cancer
study conducted in the same municipality [12]. This result
highlights that medical care costs increase due to disease
progression. Since we calculated medical care costs for the
5 years across medical institutions on a municipal basis, our
findings will help municipalities and health insurers consider
preventive measures and allocate resources for breast cancer
screening programs.

Our findings also showed that patients in the
HER?2 + group had the highest mean total and treatment-
specific medical care costs over the five years, suggesting
that these patients may require more resource-intensive care.
This finding aligns with that of a previous study that found
that breast cancer subtype can significantly affect treatment
costs [6]. Thus, molecular profiling stratifying patients into
treatment groups could be crucial for examining the financial
burden of breast cancer. We found that patients who received
neither hormone nor HER2 treatment, suggestive of triple-
negative breast cancer, did not have higher costs than those
who received HER?2 treatment. This may also be related to
prognosis and breast cancer-specific costs because triple-
negative breast cancer is known to have a poor prognosis
[22, 23].

Further, we found that late-stage and HER2-positive
breast cancer is associated with higher costs. While we
were unable to analyze costs by both stage and subtype,
early detection could be beneficial from the perspective
of cancer screening. As some studies have reported, more

expensive treatment such as HER2 treatment can improve
patient outcomes [24-26], reinforcing the concept of value-
based healthcare. Moreover, various antibody drugs other
than HER2 treatment have been developed for treating breast
cancer [27, 28]. Advances in therapeutic agents, while ben-
eficial, can result in overtreatment. In light of this, clarifying
medical care costs is essential for setting a strategic measure
to curb such overtreatment as well as for minimizing the risk
of recurrence.

This study has some limitations. First, data were lack-
ing on patients’ income, socioeconomic status, and other
potential confounding variables. Second, we only consid-
ered patients insured under Japan’s national health insur-
ance, which may limit our findings’ generalizability. Third,
no older adults were included because national health insur-
ance does not insure people aged 75 or older. However, the
mean age of the patients in all the groups hovered around the
late 50 s, which is similar the findings of previous studies:
the median age of breast cancer diagnosis is the late 50 s to
early 60 s [29]. Future studies must consider medical care
costs for older patients with breast cancer. Another impor-
tant limitation was that this study was unable to capture the
impact of emerging medical technologies and therapies.
While some interventions such as BRCA genetic testing
and treatment including immuno-checkpoint inhibitors and
CDXK4/6 inhibitors were approved before 2021, their actual
use in clinical practice could be limited. Moreover, our data
do not account for the impact of Oncotype DX for health
insurance covered testing or the latest therapeutic regimens
such as the introduction of immuno-checkpoint inhibitors
and CDK4/6 inhibitors into perioperative care. Finally, as
this study was conducted in one municipality, its findings are
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not generalizable to all municipalities or at the national level.
Additionally, as this study was conducted on residents with
national health insurance, the potential disparities between
this insurance and others (e.g., employees’ health insurance)
in terms of patient characteristics, treatment choices, and
prognosis remain unexplored in the municipality. Similar
studies should be conducted in other municipalities or at
the national level to determine whether these trends hold
universally or whether costs vary regionally. Despite these
limitations, to the best of our knowledge, this is the largest
study conducted in a municipal setting to examine the actual
costs of breast cancer care.

Overall, this study shows that the early detection of breast
cancer may reduce medical care at the patient level. This
information could be instrumental in planning municipality-
based health policies, resource allocation, and preventive
strategies for breast cancer.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12282-023-01517-7.
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