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Abstract The rate of breast cancer screening for women

of all ages in Japan is increasing. However, little is known

about the biological differences between screen- and self-

detected tumors. We used data from the Japanese Breast

Cancer Registry (JBCR), a nationwide registry of newly

diagnosed breast cancer cases in Japan, to investigate

patients diagnosed between January 1, 2004 and December

31, 2011. We compared the clinicopathological features of

tumors and assessed yearly trends regarding the proportion

of screen-detected cases during the study period. We found

that 31.8 % (65,358/205,544) of cancers were detected by

screening. Asymptomatic tumors detected by screening

(asymptomatic) were more likely to have favorable

prognostic features than those that were self-detected

(ductal carcinoma in situ [DCIS]: 19.8 versus 4.1 %, node-

negative: 77.0 versus 61.6 %, and estrogen receptor-posi-

tive [ER?]: 82.0 versus 72.9 %, respectively). All these

findings were statistically significant (p\ .001). The pro-

portion of breast cancers detected by screening among all

cases increased from 21.7 % in 2004 to 37.1 % in 2011.

During the same time period, the proportion of screen-

detected DCIS increased from 41.5 to 66.0 % and that of

ER? cancers increased from 23.2 to 39.7 %. This study

demonstrated that low-risk tumors, including DCIS, ER?,

and lower TNM stage, account for a substantial proportion

of clinical screening-detected cancers. The differences in

biological characteristics between screen- and self-detected

cancers may account in part for the limited efficacy of

breast cancer screening programs aimed at improving

breast cancer mortality.
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Introduction

The goal of mammography screening is to reduce breast

cancer mortality by early detection and therapy. Data from

the US Preventive Services Task Force (USPSTF) indi-

cating that breast cancer screening has reduced breast

cancer mortality by 16 % have contributed to the spread of

breast cancer screening around the world [1]. In the US and

parts of Europe, breast cancer screening rates have reached

approximately 70 % [2].

Recently, several negative reports on the efficacy of

mammography screening have been published. Autier et al.

compared early and late adopters of mammography

screening [3] as well as specific mortality patterns in

Sweden [4]; Kalager et al. assessed counties with and

without screening programs in Norway [5]; Mukhtar et al.

tested the effect of screening on mortality trends in Eng-

land [6]; and Miller et al. analyzed 90,000 cases in Canada

that were followed for 25 years [7]. All these studies

showed no impact of mammography on mortality due to

breast cancer. In 2009, the USPSTF recommended that

women younger than 50 years need not be screened rou-

tinely, and women aged 50–74 years should have biennial

rather than annual screens [8]. In 2014, the Swiss medical

board reported that systematic mammography screening

might prevent approximately one death attributed to breast

cancer for every 1000 women screened, even though there

was no evidence to suggest that overall mortality was

affected. Furthermore, mammography tends to produce

false positive test results and carries the risk of overdiag-

nosis because it detects cancers that are unlikely to shorten

patients’ lives [9]. One reason to limit breast cancer

screening is the improvement of adjuvant therapies [10].

The reports that recommended screening were based on

studies performed over 20 years ago, and adjuvant therapy

regimens have since been markedly improved. Further-

more, the screening quality at regular clinics might differ

from those performed during restricted, well-designed

clinical trials. With increasing rates of breast cancer

screening, less aggressive breast cancers may be diagnosed,

leading to overdiagnosis. The actual number of overdiag-

nosed cases is difficult to determine, and can only be

estimated from incidence and breast cancer characteristics

data. One group reported that mammography detected

lower-grade and estrogen receptor (ER) positive (?) can-

cers upon analyzing 1983 cases [11], and that luminal A

types cancers were common while epidermal growth factor

2 (HER2)? or ER negative (-) tumors were rare in

mammography-detected cancers among 1236 cases ana-

lyzed [12]. Both studies had relatively small sample sizes,

and might therefore have been underpowered. To estimate

the rates of overdiagnosis accurately, a larger database is

required that contains data on the biological differences in

breast cancer characteristics between screen- and self-de-

tected tumors.

In Japan, mammography screening has been recom-

mended for women 40 years of age and older since 2004.

The Basic Plan to Promote Cancer Control program was

developed in 2007 with the stated aim of improving the

cancer screening rate to 50 % or more within 5 years [13,

14]. Breast cancer screening is not a common method of

prevention in Japan, partly because the medical insurance

system provided by the government differs from that in the

US or Europe. Additionally, breast cancer awareness has

not fully permeated the society. Nevertheless, there has

been an increasing trend in breast cancer screening for

women of all ages in Japan, from 24.7 % in 2007 to 34.2 %

in 2013 [15].

To our knowledge, large-scale retrospective studies that

analyzed breast cancer characteristics according to mode of

detection in the general population of patients have not

been previously published. In this study, we assessed the

differences in the biological characteristics and age distri-

butions between screen- and self-detected breast cancers

using the Japan Breast Cancer Registry (JBCR) database,

which includes over 200,000 newly treated breast cancers

between 2004 and 2011.

Methods

Data source

This study was conducted using the JBCR database, the

details of which have been previously reported by Kure-

bayashi et al. [16]. In short, it is a registry managed by the

Registration Committee of the Japanese Breast Cancer

Society, with support from the Public Health Research

Foundation (Tokyo). Data on newly operated primary

breast cancer patients are reported from affiliated institutes

throughout Japan, which included 741 facilities in 2011,

through a web-based system that collects information on

more than 50 demographic and clinicopathological factors.

Pathological TNM classification is registered based on the

sixth edition of the Unio Internationalis Contra Cancrum

staging system [17], and histological classification was

according to the General Rules for Clinical and Patholog-

ical Recording of Breast Cancer [18] that was translated to

the classification of Tumors of the Breast and Female

Genital Organs [19].
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Patient enrollment

We enrolled JBCR-listed female patients who underwent

breast cancer surgery between 2004 and 2011. A nation-

wide project managed in cooperation with the certification

board of the Japan Surgical Society [20] and an ethics

review committee in the Japanese Breast Cancer Society

approved the study. Patients with records of past breast

cancer were excluded. For those with simultaneous bilat-

eral tumors, we counted only one record per patient. Lastly,

we excluded patients missing information on the mode of

cancer detection.

Patient and tumor characteristics

Data on patient demographics and tumor characteristics,

including size, lymph node involvement, presence or

absence of clinical metastasis, and information on hormone

receptor and HER2 expression were collected from the

registry. We defined HER2 positivity as having an

immunohistochemistry score of 3? or a positive fluores-

cence in situ hybridization result. Hormone receptor (ER/

progesterone receptor [PgR]) positivity was diagnosed if at

least 1 % of nuclei in the tumor were stained on

immunohistochemical tests for ER/PgR. The data on the

mode of detection were also collected from the registry; the

categories included ‘‘self-detection,’’ ‘‘screening (asymp-

tomatic),’’ and ‘‘screening (symptomatic).’’ Screening

detection included, but was not restricted to,

mammography.

Statistical analysis

We analyzed the characteristics of the patients and their

tumors after determining the means and standard devia-

tions of the ages and body mass indexes (BMIs) at diag-

nosis, as well as the tumor characteristics. The calculations

were repeated while stratifying according to the mode of

detection, and the relationships between these characteris-

tics as well as the modes of detection were subjected to

Pearson’s Chi-square test for categorical variables and

ANOVA for continuous variables. We further examined

the yearly change in the proportions of self-detection ver-

sus screening (symptomatic or asymptomatic) in the entire

cohort and in the sub-groups of ductal carcinoma in situ

(DCIS), T3/T4, and ER? cases between 2004 and 2011.

Finally, we showed the age frequency distribution at

diagnosis according to detection mode, overall as well as in

each breast cancer subtype (DCIS, ER?, ER-, HER2?,

and invasive breast cancer). All analyses were performed

using SAS 9.3 (SAS Institute, Cary, NC, USA).

Results

Study population

We enrolled 205,554 patients in the study cohort (Fig. 1).

The patients had a mean age of 58.0 ± 13.1 years and BMI

of 22.8 ± 3.8 (Table 1). As for tumor characteristics,

9.8 % (20,148/205,544) of cases were DCIS, 48.4 % were

T1, and 7.6 % were T3 and above. Furthermore, 66.0 %

were node-negative, while 75.6, 62.7, and 13.3 % of

tumors were ER?, PgR?, and HER2?, respectively.

Breast cancer characteristics by the mode

of detection

Distributions of the three modes of detection with respect

to patient and tumor characteristics, including TNM stage,

ER, PgR, and HER2 status, are shown in Table 2. The

number of self-detected cases was 140,186, whereas

12,202 cases were screen-detected after exhibiting symp-

toms, while a further 53,156 were detected by screening

(asymptomatic). Hence, 31.8 % (65,358/205,577) of cases

were detected by breast cancer screening. Patients with

self-detected tumors were on average significantly older

than those with screen-detected tumors, whether symp-

tomatic or asymptomatic. The distribution of TNM stage

differed according to the mode of detection: among the

asymptomatic cases detected by screening (asymptomatic),

19.8 % were DCIS, whereas only 4.1 % of the self-de-

tected cases were DCIS. The proportion of T3 or T4 tumors

was highest in the self-detected cases, at 9.8 %; the rate

was 6.0 % for symptomatic screen-detected cases; and

2.1 % for screen-detected asymptomatic cases. Self-de-

tected cases were also more likely to have node-positive

tumors (33.1 %) compared to either symptomatic screen-

detected cases (27.1 %) or asymptomatic screen-detected

cases (15.6 %). Similarly, the prevalence of M-positives

tumors was highest in self-detected cases. The distribution

of breast cancer receptor status differed by the mode of

detection: a higher prevalence of both ER? and PgR?

breast cancers, which have relatively less aggressive

behaviors, were observed among cases screen-detected

than among those that were self-detected. Conversely,

HER2? and ER- cancers were more prevalent in self-

detected cases.

Annual changes in the proportions of cases

according to mode of detection

Next, we assessed the change in the proportion of breast

cancers detected by each mode between the years 2004 and

2011. The proportion of tumors detected by screening in
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asymptomatic patients was only 16.0 % in 2004. Seven

years later, this proportion reached 30.4 %, i.e., it almost

doubled. On the other hand, the proportion of self-detected

breast cancer cases decreased from 78.3 % in 2004 to

62.9 % in 2011 (Fig. 2a). In the DCIS subgroup, the pro-

portion of cases detected by screening (symptomatic and

asymptomatic) increased from 41.5 % in 2004 to 66.0 % in

2011 (Fig. 2b). Only 9.3 % of T3/T4 cancer cases were

detected by screening in 2004, and while the proportion

grew over time, it remained low at 13.8 % in 2011

(Fig. 2c). The trend of cases being increasingly detected

clinically also extended to the ER? subgroup of patients,

where detection grew from 23.2 % in 2004 to 39.7 % in

2011 (Fig. 2d). To exclude the effect of DCIS cases, we

assessed the yearly change for invasive cancers only. The

trend for screen-detected invasive ER? cases similarly

grew from 21.8 % in 2004 to 35.8 % in 2011 (data not

shown).

Age frequency distribution at diagnosis by mode

of detection and breast cancer subtypes

Finally, we assessed age frequency distribution at diagnosis

by mode of detection and breast cancer subtype. In all

breast cancer cases as well as invasive breast cancers, all

three detection modes had similar bimodal distributions

(Fig. 3a, supplementary Fig. 1). Cases with DCIS and

ER?, which have relatively favorable clinical courses, had

bimodal distributions with the higher peak at around

40 years of age (Fig. 3b, c). On the other hand, cases with

ER- and HER2?, which have relatively poor prognoses,

had one-peak at around 60 years old (Fig. 3d; supple-

mentary Fig. 2), with no differences according to modes of

detection.

Discussion

Our study exposed biological differences between breast

tumors discovered screen versus those that are self-de-

tected. We found that screen-detected cancers reported in

the JBCR database were associated with less aggressive

characteristics (e.g., DCIS and ER?) that produced a

bimodal age distribution pattern. All breast cancers regis-

tered in the JBCR between 2004 and 2011, representing

approximately 70 % of newly diagnosed breast cancer

patients in Japan, were analyzed. As patients were sys-

tematically recorded in the JBCR database, selection bias

was presumably reduced and false positive results

minimized.

Fig. 1 Consort diagram

illustrating the enrollment of

patients in the study
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We showed significant variations in breast cancer

receptor statuses between screen and self-detected cases;

more prognostically favorable lesions (ER?/PgR?/

HER2-) were observed in screen-detected cancers.

Moreover, lower TNM stages and DCIS were more fre-

quently discovered screen-detected tumors. Previous

papers have similarly shown favorable trends in clinically

detected cancers [11, 12]. The propensity toward DCIS was

notable in our study, as we showed that the DCIS rate in

screen-detected cancers was almost 20 % of all revealed

breast cancers. Of all DCIS cases, those that were screen-

detected represented almost 40 % in 2004, gradually

increasing to over 60 % in 2011. A previous study reported

that the incidence of DCIS has steadily increased in all

countries and among all ages [21]. As mammography

screening becomes more widespread, the larger numbers of

DCIS patients are likely to be discovered. In 2004, mam-

motome biopsy using radiography or ultrasound was

adopted by the Japanese National Health Insurance pro-

gram. Mammotome biopsy is an accurate technique for the

sampling and diagnosis of breast cancers exhibiting only

microcalcification [22]. This may be another reason for the

increasing numbers of DCIS during our study period in

Japan [22]. DCIS have an extremely favorable prognosis

after surgery [23–25], although the natural course of DCIS

remains unclear. Small retrospective studies showed that

some cases may progress to invasive breast cancers in the

absence of any therapeutic interventions, whereas others do

not. Only 32 % of DCIS tumors observed over a 30-year

follow-up period progressed to invasive cancers, and 11 %

of such tumors progressed to invasiveness over a 17-year

follow-up period, in previously reported studies [26, 27]. In

other words, the majority of DCIS cancers are likely to

remain uninvasive for a significant period of time. The

increasing numbers of detected DCIS lesions may lead to

overtreatment, which is one of the limitations regarding the

efficacy of breast cancer screening, especially as there is no

way to determine which DCIS will progress to invasive

cancer. The rate of DCIS as a ratio of overall cancers

detected by mammography is highest in women aged

40–49 years [28]. Our data also revealed a bimodal DCIS

population, with the higher peak at approximately 40 years

of age and the lower at 60 years (Fig. 3b), indicating

possible heterogeneous characteristics (e.g., ER±, comedo

vs. non-comedo type, or high vs. low grade) within DCIS;

however, no further information was available in the

JBCR. Bimodal distribution patterns can result naturally

from such variable characteristics due to the existence of

two distinct sub-groups of patients [29]; understanding

these heterogeneities may produce novel treatment strate-

gies for DCIS in the future. One ongoing clinical trial (the

LORIS trial) that aims to determine whether patients with

low or intermediate grade DCIS can forgo surgery may

provide important insights regarding DCIS treatment in

clinical practice [30].

Another interesting finding was the bimodal breast can-

cer population by age overall, including ER? and invasive

cases. Bimodal distribution for breast cancers overall have

been reported in Europe and the US [31–33], Africa [34],

Taiwan [35], and New Zealand [36]. The classically rec-

ognized inflection point in age-specific breast cancer inci-

dence that occurs around menopause, known as

Table 1 Characteristics of the patients and tumors in Breast Cancer

Registry Japan 2004–2011

No. of cases 205,544

Characteristics

Age

Mean (std) 58.0 (13.1)

BMI

Mean (std) 22.8 (3.8)

T

Tis, N (%) 20,148 (9.8 %)

T0, N (%) 2512 (1.2 %)

T1, N (%) 99,437 (48.4 %)

T2, N (%) 53,342 (26.0 %)

T3, N (%) 7359 (3.6 %)

T4, N (%) 8145 (4.0 %)

Unknown 14,601 (7.1 %)

N

N0, N (%) 135,619 (66.0 %)

N1, N (%) 40,866 (19.9 %)

N2, N (%) 11,170 (5.4 %)

N3, N (%) 5918 (2.9 %)

Unknown 11,971 (5.8 %)

M

M0 200,112 (97.4 %)

M1 2674 (1.3 %)

Unknown 2758 (1.3 %)

ER

Positive 155,393 (75.6 %)

Negative 40,726 (19.8 %)

Unknown 9425 (4.6 %)

PgR

Positive 128,966 (62.7 %)

Negative 66,728 (32.5 %)

Unknown 9850 (4.8 %)

HER2

Positive 27,417 (13.3 %)

Negative 139,507 (67.9 %)

Unknown 38,620 (18.8 %)

T tumor size, N lymph node involvement, M metastasis, ER estrogen

receptor, PgR progesterone receptor, HER2 human epidermal growth

factor receptor 2
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‘‘Clemmesen’s Hook [37, 38] ,’’ may reflect the superim-

position of two different rate curves that represent extre-

mely diverse clinicopathological and/or etiological

characteristics, including ER± cancers or sporadic/familial

cancers. Additionally, low-risk breast cancers, including

ER? tumors and DCIS, exhibit similar bimodal distribution

patterns, suggesting two distinct biological characteristics

and etiologies for early versus late onset tumors. The

bimodal distribution pattern for ER? cancers may suggest

the influence of other composite breast cancer subtypes,

including luminal A/B or HER2± tumors, within ER?

cases. On the other hand, high-risk cancers such as ER- or

HER2? cases showed a unimodal age frequency distribu-

tion peeking at age 60 years, suggesting that the etiologies

of these particular tumors may be independent of meno-

pause. Our results showed a relatively late onset for high-

risk cancers that are ER- and HER2?. However, some

previous studies showed that high-risk breast cancers tend

to develop in younger rather than in older patients [39–41].

The relatively higher frequency of breast cancers positive

for BRCA1/2 mutations in Japan (27.2 %) may result in

different age distributions compared to other countries [42].

Table 2 Patient and tumor

characteristics by mode of

detection

Self-detection Screening (symptomatic) Screening (asymptomatic) p value�

No. of cases 140,186 12,202 53,156 –

Age

Mean (SD) 58.8 (13.8) 56.4 (12.0) 56.2 (10.9) \0.001

BMI

Mean (SD) 22.9 (3.9) 22.6 (3.6) 22.7 (3.5) \0.001

T

Tis 8350 (6.0 %) 1291 (10.6 %) 10,507 (19.8 %) \0.001

T0 1997 (1.4 %) 126 (1.0 %) 389 (0.7 %)

T1 63,291 (45.2 %) 6135 (50.3 %) 30,011 (56.5 %)

T2 43,812 (31.3 %) 3081 (25.3 %) 6449 (12.1 %)

T3 6041 (4.3 %) 432 (3.5 %) 886 (1.7 %)

T4 7630 (5.4 %) 295 (2.4 %) 220 (0.4 %)

Unknown 9065 (6.5 %) 842 (6.9 %) 4694 (8.8 %)

N

Negative 86,378 (61.6 %) 8337 (68.3 %) 40,904 (77.0 %) \0.001

Positive 46,374 (33.1 %) 3308 (27.1 %) 8272 (15.6 %)

Unknown 7434 (5.3 %) 557 (4.6 %) 3980 (7.5 %)

M

Negative 135,903 (96.9 %) 11,763 (96.4 %) 52,446 (98.7 %) \0.001

Positive 2465 (1.8 %) 104 (0.9 %) 105 (0.2 %)

Unknown 1818 (1.3 %) 335 (2.8 %) 605 (1.1 %)

ER

Positive 102,233 (72.9 %) 9589 (78.6 %) 43,571 (82.0 %) \0.001

Negative 31,100 (22.2 %) 2155 (17.7 %) 7471 (14.1 %)

Unknown 6853 (4.9 %) 458 (3.8 %) 2114 (4.0 %)

PgR

Positive 83,635 (59.7 %) 8109 (66.5 %) 37,222 (70.0 %) \0.001

Negative 49,394 (35.2 %) 3609 (29.6 %) 13,725 (25.8 %)

Unknown 7157 (5.1 %) 484 (4.0 %) 2209 (4.2 %)

HER2

Positive 19,643 (14.0 %) 1537 (12.6 %) 6237 (11.7 %) \0.001

Negative 95,691 (68.3 %) 8480 (69.5 %) 35,336 (66.5 %)

Unknown 24,852 (17.7 %) 2185 (17.9 %) 11,583 (21.8 %)

T tumor size, N lymph node involvement, M metastasis, ER estrogen receptor, PgR progesterone receptor,

HER2 human epidermal growth factor receptor 2
� p value for equal mean or proportion across the three modes of detection tested using ANOVA for age

and BMI, and Chi-squared test for the rest
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The USPSTF suggested that undergoing regular, bien-

nial screening mammograms before the age of 50 years

should be an individual decision (grade C recommenda-

tion), taking into account a patient’s context, as well as the

benefits and potential pitfalls of such screenings [43].

Following USPSTF recommendations, the Japan Associa-

tion of Breast Cancer Screening reassessed the efficacy of

screening mammography, taking into consideration both

benefits and drawbacks, in 2010 [44]. The Association

collected mammography screening data from 144,848

participants from five prefectures, and concluded that the

disadvantages of screening mammograms for Japanese

women were less than those for American women because

of lower false positive rates, additional imaging, and

biopsy methods (including biopsy invasiveness) [44]. Our

data showed that there was a peak in the frequency of low-

risk cancers at approximately 40 years of age, and that

these patterns were different from those found in the US

and Europe [45]. That these distinct patterns were observed

in Japan may mean that breast cancer screening advantages

may vary compared to those in the US and Europe.

We acknowledge several important limitations. First, this

studywas retrospective, incurring the possibility of selection

bias and precluding the determination of causal relation-

ships. However, JBCRdata represent approximately 70 %of

patients diagnosed with breast cancer in Japan [16]; there-

fore, it is unlikely that any bias would substantially affect our

findings. Second, our study was subject to limitations asso-

ciated with analyzing registry data, such as the lack of

standardization of histopathologic diagnoses and receptor

status testing. Finally, breast cancer screening in Japan does

not necessarily entail mammography, and few participants

received only clinical breast examinations without mam-

mography. However, the strength of our study is that it is

based on over 200,000 patients in a ‘‘real-world’’ setting.

In conclusion, our study demonstrated that low-risk

tumors, including DCIS, ER?, and lower TNM stage

lesions, account for a substantial proportion of clinical

screen-detected cancers. These different biological char-

acteristics between screen-detected and self-detected can-

cers may account in part for the reported limitations of

breast cancer screening programs aimed at reducing breast

cancer mortality. Indeed, there are likely to be some dis-

advantages of breast cancer screening in patients with

slow-growing and less-aggressive cancers. To establish an

optimal breast cancer screening system would require a

larger study with a longer follow-up period to identify

those sub-groups with higher risks, and also to have a

sufficient number of subjects in each subgroup to effec-

tively compare outcomes with or without breast cancer

screening. Such data are unlikely to be generated in the

near feature. In the meantime, since the potential life-

saving benefit of early detection cannot be discounted, the

safest approach may be to promote breast cancer screening

practices in Japan, where rates of such screenings are

extremely low because of current guidelines. At the same

time, clear and unbiased information should be provided as

part of public health initiatives. Future studies will require

the creation of national and international cooperative net-

works to ensure consistency and reproducibility of distinct

breast cancer characteristics between screen-detected and

self-detected cancers.
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