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Abstract

Background The effectiveness of screening mammogra-
phy (MMG) has mainly been demonstrated by studies in
western countries. This study was conducted to evaluate
cumulative survival and the risk of breast cancer death
among Japanese women aged 40-69 years with screening-
detected and interval breast cancer divided into three
groups: MMG with clinical breast examination (CBE),
CBE alone, and self-detection.

Methods By matching a list of 126,537 women (358,242
person-screenings) who participated in the Miyagi Cancer
Society Screening program between 1 April 1995 and 31
December 2002 with the Miyagi Prefectural Cancer Reg-
istry, 429 MMG with CBE, 522 CBE, and 3,047 self-
detected cases were included in this study. Follow-up was
performed until the date of death or 31 December 2007.
Survival was estimated by the Kaplan—Meier method. The
Cox proportional hazards model was used to estimate
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hazard ratios (HR) and 95 % confidence intervals (CI) for
breast cancer death.

Results  Five-year survival for women in the MMG with
CBE, CBE, and self-detection groups was 96.8, 92.7, and
86.6 %, respectively. The HR (95 % CI) for breast cancer
death was 2.38 (0.72-7.94) among CBE-screened and 4.44
(1.42-13.89) among self-detected cases for women aged
4049 years, but was 3.00 (1.63-5.50) among CBE-
screened and 4.51 (2.69-7.56) among self-detected cases
for women aged 50-69 years relative to cases screened by
use of MMG with CBE.

Conclusions In terms of the survival and risk of breast
cancer death, MMG with CBE may be more effective than
MMG alone or self-detection for Japanese women aged
40-69 years.

Keywords
Survival

Breast cancer - Mammography - Screening -

Introduction

Breast cancer is one of the most common cancers world-
wide. Among Japanese women, the age-standardized inci-
dence of breast cancer has now risen to first place among
all cancers, and it is increasing rapidly [1]. Furthermore,
the age-specific incidence of breast cancer among Japanese
women aged 45-49 years and mortality due to breast
cancer among Japanese women aged 35-64 years are the
highest for any type of cancer [1]. Therefore, screening
mammography (MMG) is regarded as an important public
health priority.

Randomized controlled trials (RCTs) conducted in
western countries have clarified the effectiveness of MMG
screening for women aged 40-69 years, and especially for

@ Springer
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those aged 50-69 years [2]. Breast cancer screening by
clinical breast examination (CBE) was introduced for
Japan for women aged 30 years and over in 1987 in the
absence of any evidence of its effectiveness [3]. Studies in
Japan to evaluate the efficacy of screening using MMG
with CBE compared with CBE alone revealed the former
was superior to the latter in terms of sensitivity, specificity,
and success of detection in women aged over 50 years
[4, 5]. Based on the results of those studies, screening using
MMG with CBE was endorsed in 2000 for women aged
over 50 years, and in 2004 for those aged over 40 years.
However, this initiative was based mainly on data obtained
from RCTs of MMG screening in western countries [2].
The efficacy of screening using MMG with CBE for Jap-
anese women was further examined by cost-effectiveness
analysis based on actual screening data for those aged
40-49 years [6] and by a validation study of accurate false-
negativity data for MMG with CBE screening [7]. Fur-
thermore, our previous study revealed that the survival of
women with MMG-detected breast cancer was superior to
that of women with CBE-detected or self-detected breast
cancer, especially for those aged 50-69 years, although the
effectiveness of the screening program for women aged
4049 years was not assessed at that time [8]. In relation to
the effectiveness of the screening program, our previous
study [8] may have included inherent bias, because it did
not consider the presence of interval breast cancer [9],
which may grow rapidly and have a poor outcome [10].
Therefore, to properly assess the effectiveness of MMG
screening there is still a need to evaluate the survival and
risks of breast cancer death among Japanese women aged
40 years and over with screening-detected and interval
cancer [9].

For this purpose, this retrospective cohort study was
conducted to clarify the efficacy of screening using MMG
with CBE by investigating cumulative survival and the risk
of breast cancer death among Japanese women aged
40-69 years with screen-detected and interval cancer by
dividing them into groups according to the screening
methods used (MMG with CBE, CBE alone, or self-
detection) and stratifying the subjects according to age.
Improvements in the survival of women with breast cancer
and the risk of breast cancer death for MMG with CBE
screening in comparison to CBE screening alone and self-
detection were evaluated with reference to the Miyagi
Prefectural Cancer Registry [11].

Materials and methods
The Miyagi Cancer Society has performed breast cancer

screening for women in Miyagi prefecture since 1989
[4, 5]. In brief, women aged 50 years and over living in

@ Springer

Miyagi prefecture underwent annual single-view MMG
with CBE in 32 registered communities; initially CBE only
was provided in another 27 communities for breast cancer
screening (Miyagi trial). Women aged 40 years and over
underwent annual single-view MMG with CBE or CBE for
breast cancer screening in 1995 and biennial single-view
MMG with CBE or CBE for breast cancer screening
between 1996 and 2004 [6]. The process of transition from
CBE to MMG with CBE depended on the decision of each
community and was gradual. Screening MMG was per-
formed with CBE, and the mammograms were reviewed
for each subject by two physicians at the Cancer Detection
Center of the Miyagi Cancer Society. CBE is defined as
inspection and palpation of breasts and regional lymph
nodes by the attending physician at the screening. Women
with any abnormal findings detected by MMG with CBE,
or by CBE alone, were referred to community hospitals or
followed up at the Cancer Detection Center of the Miyagi
Cancer Society [4, 5]. All results of diagnostic examina-
tions were reported by the hospitals that had performed the
diagnostic MMG and/or ultrasonography (biopsy and/or
surgical operation if necessary). Screening-detected cancer
was defined as a case diagnosed pathologically within
6 months after a positive screening test (detected case) [7].
Interval cancers were defined as cases that were diagnosed
as non-malignant at the primary screening but then clini-
cally diagnosed as breast cancer during the interval until
the next screening was conducted [7].

The end-point of this analysis was the cumulative
survival of women with screening-detected and interval
breast cancer (for women who underwent MMG with
CBE, or CBE alone) and the survival of women with self-
detected breast cancer, defined as topography code
C50.0-C50.9 of the International Classification of Disease
for Oncology, second edition (ICD-O-2) [12]. In the
Miyagi Prefectural Cancer Registry, the relevant patients
were abstracted from the medical records of the hospitals
by a physician or trained medical records reviewer, except
for patients reported directly to the registry by an insti-
tution. The clinical staging system was that of the
Research Group for Population-Based Cancer Registration
in Japan, among the methods used for detection. Lesions
were classified into five stages (in situ, localized, lymph
node metastasis, regional invasion, or distant metastasis)
on the basis of information about tumor extension and
metastasis to lymph nodes and distant sites [13]. This
clinical staging system was available for breast cancer
from 1 April 1995. Between that date and 31 December
2004, 6,134 cases of primary breast cancer were regis-
tered. The percentage of cases registered by death cer-
tificates only (DCO) for breast cancer was 2.82 % (178/
6,134 primary breast cancers). DCO cases were excluded
from the analysis.
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Matching of records from the screening program data-
base with the Miyagi Prefectural Cancer Registry was
conducted with the aid of registry officials, using name,
address, and date of birth to identify individuals. By
matching the cancer registry with the Miyagi Cancer
Society Screening program for a total of 126,537 subjects
(358,242 person-screenings) from 1 April 1995 to 31
December 2002, 662 screening-detected cases and 289
interval breast cancer cases in patients aged 40-69 years
were found and included in this analysis. Among the
remaining 5,005 cases, 450 were excluded because they
were entered in the Miyagi Prefectural Cancer Registry as
having been detected by other screening programs, and a
further 1,508 cases were excluded because age at diagnosis
was under 40 or over 70 years. The remaining 3,047 cases,
registered as having been detected by other methods, or
those for which the details were unknown, for women aged
40-69 years, were regarded as having been self-detected.
Thus, a final total of 3,998 cases were included in this
analysis.

The numbers of women in the 40-49, 50-59, and 60-69-
year age groups were 1,545, 1,270, and 1,183, respectively.
The screening methods (MMG with CBE, and CBE alone)
used for each cancer patient were confirmed from the breast
cancer database of the Miyagi Cancer Society Screening
program. Self-detection is defined as a patient finding a
lesion by herself, the lesion being later diagnosed as breast
cancer. Finally, we separated the subjects into three groups
(429 screened by MMG with CBE, 522 screened by CBE
alone, and 3,047 with self-detected lesions).

Follow-up was conducted for each of the subjects from
the date of diagnosis of breast cancer until the date of death
or the end of follow-up (31 December 2007), whichever
occurred first. Patients who died from causes other than
breast cancer were treated as censored cases. Patients for
whom no information on death was available were regar-
ded as alive at the end of the follow-up period. On the basis
of these data, the association between type of screening
method used and patient outcome was analyzed. Kaplan—
Meier survival analysis was performed for each screening

group. Differences between survival in the two groups
were assessed statistically by use of the log-rank test. The
Cox proportional hazards regression model was used to
estimate the hazard ratios (HR) and 95 % confidence
intervals (CI) for relative mortality risk in comparison with
the MMG with CBE screened group [14]. All statistical
analysis was performed by use of SAS version 9.3 (SAS,
Cary, NC, USA). All reported p values were two-sided, and
differences were considered statistically significant at
p < 0.05.

The study protocol was approved by the institutional
review board of Tohoku University Graduate School of
Medicine, the Miyagi Cancer Society, and the committee
of the Miyagi Prefectural Cancer Registry. The study was
conducted in accordance with the principles of the Decla-
ration of Helsinki.

Results

Four-hundred and twenty-nine cancers (10.7 %) were
detected by MMG with CBE, 522 (13.1 %) by CBE alone,
and 3,047 (76.2 %) were self-detected. Among the cancers,
1,545 (38.6 %), 1,270 (31.8 %), and 1,183 (29.6 %) occur-
red in women aged 40-49, 50-59, and 60-69 years,
respectively. The proportion of interval cancer was higher in
women screened by CBE alone (40.0 %; 209/522) than in
those screened by use of MMG with CBE (18.6 %; 80/429)
(Table 1).

Among cancers detected by MMG with CBE, 85
(19.8 %) were in situ, 248 (57.8 %) were localized, 68
(15.9 %) were lymph node metastases, 6 (1.4 %) were
regional invasion, 2 (0.5 %) were distant metastases, and
the stages of 20 patients (4.7 %) were unknown. Among
cancers detected by CBE alone, 64 (12.3 %) were in situ,
273 (52.3 %) were localized, 68 (24.3 %) were lymph node
metastases, 9 (1.7 %) were regional invasion, 12 (2.3 %)
were distant metastases, and the stages of 37 patients
(7.1 %) were unknown. Among 3,047 (76.2 %) self-
detected cancers, 157 (5.2 %) were in situ, 1,324 (43.5 %)

Table 1 Age distribution of the

study subjects according to Modality Age group (years), N Total Median age (years) SD
modality 40-49 50-59 60-69 N %

MMG with CBE 78 174 177 429 10.7 584 7.7

MMG detected 55 139 155 349 59.1 7.6

MMG interval 23 35 22 80 54.4 7.5

CBE 273 126 73 522 13.1 49.4 82

CBE detected 165 78 70 313 49.2 8.1

CBE interval 108 48 53 209 49.7 8.4

Self-detection 1,194 970 883 3,047 76.2 52.8 8.4

MMG mammography, CBE Total 1545 1270 1183 3998 1000 530 8.4

clinical breast examination
@ Springer
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Table 2 Cancer stages of the study subjects according to modality

Modality Stage Total
In situ Localized Lymph node metastasis Regional invasion Distant metastasis Unknown
N % N % N % N % N % N % N %
MMG with CBE 85 198 248 57.8 68 15.9 6 14 2 0.5 20 47 429 107
CBE 64 123 273 523 127 24.3 9 1.7 12 23 37 7.1 522 131
Self-detection 157 52 1,324 435 851 279 197 6.5 213 7.0 305 10.0 3,047 762
Total 306 7.7 1,845 46.1 1,046 26.2 212 53 227 5.7 362 9.1 3,998 100.0
MMG mammography, CBE clinical breast examination
Table 3 Cause of death of the study subjects according to modality
Modality Status Total
Alive Breast cancer death Other cancer death Other causes
N % N %o N % N % N %
MMG with CBE 393 91.6 18 42 12 2.8 6 1.4 429 10.7
CBE 449 86.0 57 10.9 13 2.5 3 0.6 522 13.1
Self-detection 2,366 717 568 18.6 55 1.8 58 1.9 3,047 76.2
Total 3,208 80.2 643 16.1 80 2.0 67 1.7 3,998 100.0

MMG mammography, CBE clinical breast examination

were localized, 851 (27.9 %) were lymph node metastases,
197 (6.5 %) were regional invasion, 213 (7.0 %) were
distant metastases, and the stages of 305 patients (10.0 %)
were unknown (Table 2).

Among the patients whose cancers had been detected by
MMG with CBE, 393 (91.6 %) were alive, 18 (4.2 %) died
from breast cancer, 12 (2.8 %) died from other cancers, and
6 (1.4 %) died from other causes. Among patients whose
cancers had been detected by CBE alone, 449 (86.0 %)
were alive, 57 (10.9 %) died from breast cancer, 13 (2.5 %)
died from other cancers, and 3 (0.6 %) died from other
causes. Among the 3,047 patients whose cancers had been
self-detected, 2,366 (77.7 %) were alive, 568 (18.6 %) died
from breast cancer, 55 (1.8 %) died from other cancers, and
58 (1.9 %) died from other causes (Table 3).

The mean observation time for patients who had been
screened using MMG with CBE was slightly shorter than

Table 4 Survival of the study subjects according to modality

Modality Survival Mean SD
observation
S-year (%)  8-year (%)  (ime (month)
MMG with CBE  96.8 94.9 86.1 29.5
CBE 92.7 88.7 94.8 36.6
Self-detection 86.6 82.1 96.9 39.8
Total 88.5 84.3 95.5 38.5

MMG mammography, CBE clinical breast examination
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that for patients who had been screened using CBE alone,
or for patients with self-detected cancer. Five-year survival
of breast cancer patients who had been screened by use of
MMG with CBE, by CBE alone, and by self-detection was
96.8, 92.7, and 86.6 %, respectively. The corresponding
8-year survival was 94.9, 88.7, and 82.1 %, respectively
(Table 4).

Outcome and survival analysis according to detection
method

Statistically significant differences in outcome and survival
were observed between the patients screened by use of MMG
with CBE and those screened by use of CBE alone
(p = 0.0008), and those with self-detected cancers
(p < 0.0001). The difference between the CBE screening and
self-detection groups was significant (p < 0.0001) (Fig. 1).

Mortality risk analysis according to detection method

Mortality risk of breast cancer was determined by age-
adjusted risk analysis. Mortality risk among patients
screened by CBE alone was 2.59-fold (95 % CI 1.52-4.41,
p = 0.0005) and that among patients with self-detected
cancers was 4.37-fold (95 % CI 2.73-6.99, p < 0.0001)
higher than that among patients screened by MMG with
CBE. The subjects were stratified into two age groups
(4049 years and 50-69 years) for statistical analysis of
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Fig. 1 Kaplan—Meier survival 100 1
curves for screening
mammography (MMG) with
clinical breast examination
(CBE) (429 patients), CBE
alone (522 patients), and self-
detection (3,047 patients).
Statistically significant
differences were observed
between the MMG with CBE
group and the self-detection
group (p < 0.0001), the CBE
alone and self-detection groups
(p < 0.0001), and the MMG
with CBE and CBE alone
groups (p = 0.0008)
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Table 5 Hazard ratio (HR) and 95 % confidence interval (CI) for the mortality risk of each group compared by screening mammography

Age group Modality Cases Person-years Breast cancer death HR 95 % CI p

All MMG with CBE 429 3,077.1 18 1.00 (reference)® - -
CBE 522 4,124.0 57 2.59 1.52-4.41 0.0005
Self-detection 3,047 24,646.1 568 4.37 2.73-6.99 <.0001

40-49 MMG with CBE 78 686.6 3 1.00 (reference) - -
CBE 273 2,1455 23 2.38 0.72-7.94 0.16
Self-detection 1,194 10,217.5 197 4.44 1.42-13.89 0.01

50-69 MMG with CBE 351 2,390.5 15 1.00 (reference) - -
CBE 249 1,978.5 34 3.00 1.63-5.50 0.0004
Self-detection 1,853 14,398.6 371 4.51 2.69-7.56 <.0001

HR hazard ratio, CI confidence interval, MMG mammography, CBE clinical breast examination

? Adjusted by age

mortality according to the detection method used. In the 40
to 49-year age group, mortality risk for CBE alone was
2.38-fold (95 % CI 0.72-7.94, p = 0.16) and that for self-
detection was 4.44-fold (95 % CI 1.42-13.89, p = 0.01)
higher than that for MMG with CBE. In the 50 to 69-year
age group, however, the mortality risk for CBE alone was
3.00-fold (95 % CI 1.63-5.50, p = 0.0004) and that for
self-detection was 4.51-fold (95 % CI 2.69-7.56,
p < .0001) higher than that for MMG with CBE (Table 5).

Discussion

Several trials have been conducted to evaluate the effec-
tiveness of MMG screening in western countries [2], on the

basis of the relative risk of breast cancer death for women
aged 40-69 years, and especially for those aged
50-69 years. Our previous study revealed that the survival
of women aged over 50 years whose breast cancers had
been detected by MMG was superior to that of women
whose cancers had been detected by CBE alone or by self-
examination; although the effectiveness of MMG for
detecting breast cancer in women aged 4049 years could
not be evaluated by age-stratified analysis [8], there may
have been some bias for screening-detected breast cancers,
which may grow slowly and have a better prognosis [9]. In
this retrospective cohort study of Japanese women aged
40-69 years, we evaluated whether the efficacy of
screening using MMG with CBE was superior to that using
CBE alone or to self-detection by investigating the
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