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The Number Needed to Invite (NNI) for Breast Cancer Mammography
Screening in Japan
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In 2009, the US Preventive Services Task Force (USPSTF) recommended that the decision to
start regular screening mammography (MMG) before the age of 50 years should be an individual
one. They calculated the number needed to invite (NNI) to screening to prevent one death from
breast cancer (BC) and concluded that the net benefit is smaller for women aged 40-49yr with its
larger NNI than that for women aged 50-59yr. Estimating the NNI by age group is also important
in Japan. There has been a need to estimate absolute differences in BC cumulative mortality
between women with and without MMG. Since such data are unavailable, we assumed that BC
mortality for Japanese women would be the same as that for women without MMG, and that the
relative risks were the same as those reported by the USPSTF. Comparison of NNI in Japan with
the USPSTF report yielded results that were similar for women aged 40-49yr and 50-59yr,
whereas the NNI in Japan was double that reported by the USPSTF for women aged 60-69yr. In
Japan, studies for evaluating the balance between the benefits and drawbacks of MMG are
needed.

Key words: NNI, USPSTF, screening guideline
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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
40-49 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 Breast cancer - Mammography - Screening -
Survival
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
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those aged 50-69 years [Z]. 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, 3]. 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
40-49 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-0-2) [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 58.4 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 78 522 13.1 494 8.2

CBE detected 165 78 70 313 492 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 1,545 1270 1183 3998 1000  53.0 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 19.8 248 578 68 15.9 6 14 2 0.5 20 47 429 107
CBE 64 123 273 52.3 127 24.3 9 1.7 12 2.3 37 7.1 522 131
Self-detection 157 52 1,324 435 851 27.9 197 6.5 213 7.0 305 100 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 % N % N o N %
MMG with CBE 393 91.6 18 4.2 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 1.7 568 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 (%) time (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

@ Springer

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 A
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 2,145.5 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 40-49 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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cumulative survival of women with screening-detected and
interval cancer by reference to the Miyagi Prefectural
Cancer Registry, one of the oldest and most reliable pop-
ulation-based cancer registries in Japan [11]. As in western
countries, RCTs are required for evaluation of the effec-
tiveness of MMG [15], but in Japan this is not realistic
because many women have been included in the MMG
program through studies to evaluate the efficacy of MMG
[4-8] and because of endorsement by the Ministry of
Health, Labour and Welfare in 2000. Therefore, this ret-
rospective cohort study is one of the best recent attempts to
clarify whether MMG is able to reduce breast cancer
mortality in Japan.

Here we found that 5-year survival was over 90 % for
women whose cancers had been detected by MMG with
CBE, and by CBE alone. Survival of women who had been
screened by use of MMG with CBE was significantly better
than that of women who had been screened by use of CBE
alone, or whose cancers had been self-detected. One pos-
sible reason for this better survival was the lower propor-
tion of interval cancers in the group screened by use of
MMG with CBE (18.6 %; 80/429) than in the group
screened by use of CBE alone (40.0 %; 209/522). A pre-
vious study demonstrated that interval cancers tended to be
more advanced, less well differentiated, and included a
significantly higher proportion of triple-negative cancers,
thus resulting a poorer outcome than for screening-detected
and self-detected cancers [10]. In this study, the proportion
of early, in situ, or localized, breast cancers was higher in
the MMG with CBE group (77.6 %; 333/429) than in the
CBE alone (64.6 %; 337/522) and self-detection (48.6 %;
1,481/3,047) groups. On the other hand, the proportion of
advanced breast cancers, which are thought to be directly
related to breast cancer death, was lower in women
screened by use of MMG with CBE than in other groups.
The proportion of breast cancer deaths was also lower in
the MMG with CBE group (4.2 %) than in the CBE alone
(10.9 %) and self-detection (18.6 %) groups. In the MMG
with CBE group, age tended to be higher and mean
observation time shorter than that in the CBE alone and
self-detection groups; therefore, there was a possibility that
the MMG with CBE group had a higher proportion of
deaths from other causes. The proportion of deaths from
other cancers and other causes in the MMG with CBE
group (4.2 %; 18/429) was similar to that in the CBE alone
(3.1 %; 16/522) and self-detection (3.7 %; 113/3,047)
groups. Our observation period might have been sufficient
because the three Kaplan-Meier curves were paralle] at the
end of follow-up; therefore, other causes of death might not
have distorted the results. Ten-year survival might be
almost the same as 8-year survival, because the three sur-
vival curves were almost horizontal after 96 months. The
different clinical stages and pathological features of

@ Springer

cancers in the MMG with CBE group might have resulted
in the lower proportion of breast cancer deaths, which may
be the presupposition of the declining mortality.

In the 40 to 49-year age group, the risk of breast cancer
death among women screened by use of CBE alone was
2.38-fold higher than that among women screened by use
of MMG with CBE, but this was not statistically significant
(95 % CI 0.72-7.94, p = 0.16). The mortality risk in the
self-detection group was significantly higher than that in
the MMG with CBE group. In the 50 to 69-year age group,
the mortality risk for women screened using CBE alone or
self-detection was significantly higher than that in the
MMG with CBE group. A meta-analysis of major MMG
trials in western countries [2] found that MMG was
effective in all age groups, but especially for woman aged
50 years and over. Our findings are consistent with those in
that study, indicating that screening using MMG with CBE
is more effective than self-detection for reduction of breast
cancer mortality among women aged 40-69 years, and
especially those aged 50-69 years.

The efficacy of MMG may be lower for women aged
40-49 years, for whom breast density is higher [7]. One
approach for overcoming this weakness of MMG was
evaluated in the “Japan Strategic Anti-cancer Randomized
Trial (J-START)”, which evaluated the effectiveness of
MMG with ultrasound for breast cancer screening in
comparison with mammography alone for women aged
40-49 years [16].

This study had both limitations and strengths. First, it
was vulnerable to a variety of bias because of comparison
of survival. Breast cancer screening presumably reduces
mortality by detecting breast cancer and thus enabling a
patient to be treated appropriately at an earlier stage. Dif-
ferences in mortality risk between groups screened by use
of MMG with CBE, CBE alone, and self-detection were
presumably caused by the effect of MMG with CBE in
reducing mortality and bias, for example self-selection bias
(healthy screenee bias). However, the proportion of deaths
from other cancers and other causes in the MMG with CBE
group was almost the same as that in the CBE alone group
and in the self-detection group, even though age tended to
be higher in the MMG with CBE group. Therefore, any
such bias might have been too small to distort the results.
Second, we speculated whether lead time bias could cause
these differences in survival [9]. However, the Kaplan—
Meier survival curves for the three groups screened using
these methods did not cross over, despite of our long
observation period; it is, therefore, assumed that the effect
of this bias on survival would have been too small to have
affected the results.

One of the strengths of our study was that it was able to
evaluate the effectiveness of MMG with CBE for women
aged 40-49 years by analysis of mortality risk in different
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age groups. Our previous study was unable to evaluate the
effectiveness of MMG for women aged 4049 years, for
whom breast cancer incidence and mortality would be high
in Japan [1], by analysis of mortality risk by age groups [8],
because there were no deaths among patients whose can-
cers had been detected by MMG with CBE and the number
of patients in this age group was small. Second, the quality
of CBE and reading of MMG were controlled. The
screening program was performed by registered surgeons
who were approved by the committee for breast cancer
screening of the Miyagi Cancer Society as having sufficient
experience in general surgery, including the treatment of
breast cancer. Statistically significant differences in sur-
vival were observed between self-detection and CBE alone,
and between self-detection and MMG (Fig. 1). In com-
parison with self-detection, survival was significantly bet-
ter for women whose cancers had been detected by CBE
alone or by MMG with CBE. The difference in survival
between the self-detection and CBE groups was larger than
that between the CBE alone and MMG with CBE groups.
This implies that the quality of CBE conducted by regis-
tered physicians was well controlled. It can be said that
MMG with CBE is better than quality controlled CBE
alone, although CBE is, of course, better than self-detec-
tion. Third, the Miyagi Prefectural Cancer Registry is one
of the earliest and most accurate population-based cancer
registries in Japan [11]. Therefore, the quality of the data is
regarded as sufficiently reliable.

In conclusion, this analysis, conducted by reference to
the population-based cancer registry in Miyagi, Japan and
which included screening-detected and interval cancers,
revealed that by screening using MMG with CBE it is
possible to reduce breast cancer mortality from the per-
spective of survival and risk of breast cancer death among
women aged 40-69 years in Japan. To reduce future breast
cancer mortality in Japan, national screening by use of
MMG with CBE should be increased. Currently, the prev-
alence of screening using MMG with CBE is 32.1 % (2005)
in Miyagi Prefecture [17], as opposed to 60.8 % (2003) in
the United States and 69.5 % (2005) in the United Kingdom
[18]. This means there is still a higher proportion of self-
detected cases in Japan. The only sure indicator of the
effectiveness of MMG screening will be a decline in breast
cancer mortality; before this can occur the problem of low
screening must be addressed. Invitation to MMG screening
for each eligible woman might effectively increase the
amount of screening, as reported elsewhere [19].
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Abstract

Background: Patients increasingly turn to the Internet for information on medical conditions, including clinical
news and treatment options. In recent years, an online patient community has arisen alongside the rapidly
expanding world of social media, or "Web 2.0." Twitter provides real-time dissemination of news, information,
personal accounts and other details via a highly interactive form of social media, and has become an important
online tool for patients. This medium is now considered to play an important role in the modern social community
of online, “wired” cancer patients.

Results: Fifty-one highly influential “power accounts” belonging to cancer patients were extracted from a dataset of
731 Twitter accounts with cancer terminology in their profiles. In accordance with previously established
methodology, “power accounts” were defined as those Twitter accounts with 500 or more followers. We extracted
data on the cancer patient (female) with the most followers to study the specific relationships that existed between
the user and her followers, and found that the majority of the examined tweets focused on greetings, treatment
discussions, and other instances of psychological support. These findings went against our hypothesis that cancer

community.

patients’ tweets would be centered on the dissemination of medical information and similar “newsy” details.

Conclusions: At present, there exists a rapidly evolving network of cancer patients engaged in information
exchange via Twitter. This network is valuable in the sharing of psychological support among the cancer

Keywords: Breast cancer, Breast neoplasms, Internet, Leukemia, Social media, Twitter messaging, Web 2.0

Background

Health-focused websites have become an increasingly
valuable information source for cancer patients in recent
years, with such patients seeking details about treatment
options for their specific condition as well as about ge-
neral cancer information [1-3]. These websites provide a
means of communication for patients and their families
that is more convenient and less expensive than that
provided by traditional face-to-face patient-serving
health organizations [2]. In a previous study, we sug-
gested that patient-authored web logs (or “blogs”) repre-
sent a unique form of information delivery as they
provide useful personal insights about cancer treatment
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that are unlike the information often conveyed by
healthcare providers through face-to-face interactions
and standard media [1]. Such patient-centric sites are
also becoming a valuable source of personalized health
information for the increasingly “wired” cancer-patient
communities across the globe.

Attendant to the continuing rise in social media
(“Web 2.0”) participation and the resulting proliferation
of user-generated online content, the public can thus po-
tentially play a larger role in all stages of knowledge
translation, including information generation, filtering
and amplification. As with the Internet itself, social
media outlets run the gamut of just about every ima-
ginable scope and size, with Twitter, a free social-
networking and micro-blogging service launched in
2006, taking the lead as a method of disseminating ex-
ceptionally brief online messages to a potentially global
audience; Twitter enables its millions of users to send
and read each other’s “tweets,” or short messages limited

© 2012 Sugawara et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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to 140 characters, with the users themselves determining
whether their tweets can be read by the general public
or restricted to preselected “followers.” Followers of a
specific Twitter user can view or respond to tweets on-
line or via smart phones and other handheld devices,
allowing for a nearly instantaneous dialogue between the
user and his or her followers. The service has more than
190 million registered users worldwide and processes
about 55 million tweets per day [4]. The Twitter service
started in Japan in 2008; at present, there are more than
10.2 million active Twitter accounts registered in the
country [5].

A recent health-focused analysis of the American
“Twitter stream” revealed that a substantial proportion
of tweets contain general chatter, user-to-user con-
versations that are only of interest to the parties
involved, links to interesting pieces of news or self-
promotion or unwanted “junk” messages (i.e., spam) [4].
Yet despite its high level of noise, the Twitter stream
does contain useful information. Many recent news
events or scientific issues have been documented and
discussed via Twitter directly from users at the site in
real time [6].

As tweets are often sent on location via smart phones
and other handheld platforms,they convey more imme-
diacy with interactivity than other websites or blogs [4].
In addition, healthcare providers and medical resear-
chers are increasingly using Twitter for a variety of pur-
poses related to patient care and treatment, including
sharing clinical news with patients and discussing case
studies with fellow physicians [7-11]. A recent JAMA
letter showed that physicians frequently use Twitter to
share medical information, with nearly half of the stu-
died tweets being devoted to the discussion of health
topics; the authors found that physicians’ rapid and
timely dissemination of such information via Twitter
could potentially positively influence public health in a
variety of ways [12].

Recent research has also shown that Twitter may also
be a useful medium for patients, who use Twitter to ex-
change medical information and discuss various aspects of
their individual illness; although detailed information
about patients’ use of Twitter for such purposes has yet to
be fully studied, it has been shown that some patients with
breast cancer, chronic kidney disease, diabetes and inflam-
matory bowel disease have used Twitter for the purpose
of sharing information about these conditions [13-18].

Twitter is an interactive, real-time medium that can be
used at a relatively low cost in terms of users’ initial and
ongoing monetary investment and in the time, effort and
expertise required for use. Furthermore, as has been
described above, Twitter has been effectively used in re-
cent years for the dissemination of medical news and ad-
vice, as well as the delivery of “personal stories” related
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to a number of health topics. As a result, Twitter can be
considered to have the potential to play an important
role in modern social communities, including online
communities consisting of “wired” cancer patients. How-
ever, the research conducted to date regarding the role
of social media in influencing cancer patients remains
very limited. In this study, we examine recent Twitter
usage in Japan and evaluate its role in the lives of today’s
“wired” cancer patients.

Methods

Search of cancer Patients’ Twitter accounts

A search was conducted of every publicly available user
profile on Twitter in Japan. We began this search by
reviewing all user accounts in which the names of
cancers were described in the user’s Twitter profile. The
cancer names used in our search were obtained in ac-
cordance with the Foundation for Promotion of Cancer
Research’s 2010 report on Japanese cancer rates [19].
The terms searched were: breast cancer, leukemia, colon
cancer, rectal cancer, colorectal cancer, cancers of the
uterus, malignant lymphoma, brain tumor, stomach can-
cer, lung cancer, thyroid cancer, ovary cancer, kidney
cancer, prostate cancer, esophagus cancer, bladder can-
cer, liver cancer, oral cancer, pharyngeal cancer, gall-
bladder cancer, cholangiocarcinoma, laryngeal cancer,
skin cancer and multiple myeloma. These names were
searched using both the Japanese Katakana writing sys-
tem and Chinese characters.

The website used for the profile search was the “16
(one-six) Profile Search f Version for Twitter” [20],
which enabled us to search, in addition to users’ Twitter
profiles, the number of follows, followers, tweets, lists,
registered dates and last-posted dates. The search was
conducted over a total of 5 days in the spring and sum-
mer of 2011: March 27, 28 and 29; April 3; and July 12.
Following the methodology used by Chretien et al.
(2011) [12], we then extracted from our dataset of can-
cer profiles only those user accounts that had 500 or
more followers; we considered these to be “power
accounts,” as they had each developed a relatively robust
Twitter following.

Our search of Japanese Twitter profiles that included the
cancer terminology noted above yielded a total of 731
user accounts, of which 466 profiles belonged to cancer
patients and were included in our initial review. The
remaining 265 cancer profiles were excluded from our
initial analysis because they belonged to persons and
organizations who were not patients themselves (Figure 1).

Among the initial 731 user accounts that included
cancer terminology, breast cancer was listed in user
profiles most frequently (n=147), followed by leukemia
(n=59), colon/rectal/colorectal cancer (n=40) and uter-
ine cancer (n=39). Those patients who listed multiple
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Accounts with cancer names on profile

Number of followers
more than 500
n=51

Figure 1 Extraction of cancer patient accounts.

n=731
>>|Accounts of relatives, etc. instead of patienis
themselves n=74
v Accounts of physicians and researchers n=38
Accounts of nurses, pharmacists, etc. n=15
Number of cancer patient
accounts Educational organizations or their
n=466 representatives, and educators n=61
Others n=77
Number of followers
> less than 500
n=415
-2

cancers in their Twitter profiles were counted separately
(Figure 2).

Fifty-two Twitter accounts with the relevant cancer
descriptions in their profiles met the criterion
established by Chretien et al. (2011) [12] required for

being “power accounts and were considered by us to be
influential accounts because of their wide reach. (The
account with the most followers belonged to a comedian
with breast cancer; because of the user’s celebrity status,
the difficulty of adequately tracking tweets between the

Number of cancer
patients

profiles. In the case of multiple cancers, each cancer was counted.

Types of cancers

Figure 2 Number of accounts by type of cancer. Number of accounts of self-identified cancer patients, with cancer names described in their
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