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Abstract
Background: As the incidence of breast cancer has increased and the survival 
rate has improved, supporting the optimal follow- up strategy has become an im-
portant issue. This study aimed to evaluate follow- up imaging usage after breast 
cancer surgery and the implications on mortality in Korea.
Methods: This study included 96,575 breast cancer patients diagnosed during 
2002– 2010 and registered in the Korea Central Cancer Registry, Statistics Korea, 
and Korean National Health Insurance Service. We evaluated the frequency of 
breast imaging (mammography and breast MRI) and systemic imaging for evalu-
ating the presence of distant metastasis (chest CT, bone scan, and PET- CT), and 
performed analyses to determine if they had an effect on mortality.
Results: The median follow- up period was 72.9 months (range: 12.0– 133.3) and 
7.5% of the patients died. Among all patients, 54.7%, 16.2%, 45.6%, and 8.5% re-
ceived 3 or more mammograms, chest CTs, bone scans, and PET- CTs within 
3  years after surgery, respectively. Among patients who developed recurrence 
after 3 or more years, a comparison of overall mortality and breast- cancer specific 
mortality according to the frequency of imaging by modality (<3 vs. ≥3) showed 
that only mammography had significantly reduced mortality (hazard ratio [HR]: 
0.72, 95% CI: 0.61– 0.84, p < 0.0001; HR: 0.72, 95% CI: 0.61– 0.84; p < 0.0001).
Conclusions: This study showed that only frequent mammography reduced 
mortality and frequent imaging follow- up with other modalities did not when 
compared to less frequent imaging. This finding provides supportive evidence 
that clinicians need to adhere to the current guidelines for surveillance after 
breast cancer surgery.
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1  |  INTRODUCTION

As the incidence of breast cancer has increased and the 
survival rate has improved,1,2 determining the ideal fol-
low- up strategy has become an important issue. Follow- up 
in breast cancer patients is aimed at the detection of recur-
rence, metastasis, or new primary cancers; evaluation of 
treatment- related long- term or late effects, adherence to 
the recommended therapy and screening; and psychoso-
cial and decision- making support.3,4

Current guidelines recommend regular follow- up with 
history taking, physical examination, and annual mam-
mography to detect new primary cancers, recurrence, and 
treatment- related adverse effects.5,6 In contrast, they do 
not recommend regular systemic imaging such as chest 
computed tomography (CT), bone scan, and positron emis-
sion tomography (PET)- CT for the follow- up of asymp-
tomatic breast cancer patients. These recommendations 
are based on results from prior studies which established 
that early diagnosis of distant metastasis provides no ad-
ditional advantage for survival or health- related quality of 
life (QoL).7,8

Despite these guidelines, the patient fear of recurrence 
and clinician inclination for early detection of disease re-
currence result in frequent usage of systemic imaging.9,10 
In a previous survey of medical and surgical breast on-
cologists conducted by the Korean Breast Cancer Society, 
50% of respondents indicated that they perform follow- up 
chest CT more than once a year for the first 5 years and 
PET- CT more than once a year for the first 3 years.11

This study aimed to evaluate the recent clinical usage 
of follow- up imaging by frequency and modality after 
curative treatment among Korean breast cancer patients 
and their implications on mortality. Towards this goal, we 

analyzed the combined data of the Korea Central Cancer 
Registry (KCCR), Statistics Korea, and Korean National 
Health Insurance Service (KNHIS) (Big Data- Based 
Guideline for Work- up and Interval after Surgery in Breast 
Cancer Patients: BIG- WISE Study).

2  |  METHODS

2.1 | Study design and population

This BIG- WISE study was approved by the Institutional 
Review Board of the National Cancer Center, Korea (NCC 
2016- 0209), and the requirement for informed consent 
was waived because of the use of de- identified data. The 
subjects were Korean female breast cancer patients (with 
International Classification of Diseases, 10th revision 
[ICD- 10] code12) diagnosed between 2002 and 2010 and 
registered in the KCCR, Statistics Korea, and KNHIS.

Of the 96,575 breast cancer patients initially identified, 
we excluded 27,031 patients who were male (n = 480), did 
not undergo breast cancer surgery (n = 12,390), did not 
have 3 years of data on imaging in the KNHIS (n = 12,393), 
had distant metastasis at diagnosis (n = 949), or had less 
than 12 months of follow- up (n = 816) (Figure 1). Finally, 
69,544 breast cancer patients were included in the analy-
sis. Age at diagnosis was classified as <30, 30– 39, 40– 49, 
50– 59, 60– 69, and ≥70  years. Comorbidities were evalu-
ated using the Charlson Comorbidity Index (CCI) and cat-
egorized as 0, 1, and ≥2. Stage at diagnosis, the data on 
which became available in the KCCR starting in 2005, was 
classified as local, regional, and missing/unknown follow-
ing the Surveillance, Epidemiology, and End Results stag-
ing system.13

F I G U R E  1  Study population from 
National Cohort
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2.2 | Data sources

For this BIG- WISE study, we established a merged da-
tabase from three national cohorts: KCCR, KNHIS, and 
Statistics Korea. KCCR is a population- based national can-
cer registry that includes information on more than 98% of 
patients with newly diagnosed cancer in Korea.14,15 The 
KNHIS is the single insurer of the Korean public health 
system, and tracks medical information including cancer 
treatment status (chemotherapy, radiotherapy, and endo-
crine therapy) and imaging studies.16 Mortality data were 
obtained from Statistics Korea.17

2.3 | Imaging modalities

As follow- up imaging modalities after surgery, breast im-
aging (mammography and breast MRI), systemic scans 
to assess the presence of distant metastasis (chest X- ray, 
chest CT, bone scan, and PET- CT) and treatment- related 
imaging (DEXA) were evaluated. We investigated the date 
at which each follow- up modality was performed and the 
number of studies performed for each modality.

To assess the effect of follow- up imaging on clinical out-
comes, patients were divided into two groups according to 
the number of studies performed for each modality. A cut- 
off value of 3 was set based on annual check for 3 years. 
Univariate and multivariate analyses were performed com-
paring overall and breast cancer- related mortality between 
the divided groups for each imaging modality. An addi-
tional analysis was performed in patients with recurrence 
after 3 or more years to determine whether the frequent 
follow- up imaging during 3 years after curative treatment 
can improve clinical outcomes in recurrent patients.

2.4 | Assessment of recurrence and death

Mortality data were obtained from Statistics Korea with 
the date of the last follow- up as December 31, 2011.17 The 
cause of death was recorded and classified according to 
ICD- 10 code.12 Because KCCR and KNHIS did not have 
the exact medical information on the date or site of re-
currence, we defined recurrence as the presence of new 
breast cancer surgery, chemotherapy, or radiotherapy, or 
a change of hormonal therapy, excluding switching and 
extended therapy, after completion of curative treatments.

2.5 | Statistical analysis

Baseline characteristics and imaging modality after surgery 
were expressed as frequencies in percent. Between- group 

comparisons of patient characteristics at diagnosis and 
treatment status (adjuvant chemotherapy, adjuvant ra-
diotherapy, adjuvant hormonal therapy) were performed 
using the chi- squared test or Fisher's exact test, as appro-
priate. Cox proportional model was used to evaluate the 
association between patient survival and the frequency of 
imaging follow- up for each modality after surgery. Age at 
diagnosis, treatment status (chemotherapy, radiotherapy, 
adjuvant hormonal therapy), and CCI without cancer 
were adjusted for in the multivariable Cox proportional 
hazard model. All statistical analyses were performed 
using SAS 9.4 (SAS Institute Inc.), and a p value <0.05 was 
considered statistically significant.

3  |  RESULTS

3.1 | Patient characteristics

Baseline characteristics for 69,544 breast cancer patients 
are summarized in Table 1. The most common age at di-
agnosis was 40– 49 years (28,383/69,544; 40.8%), followed 
by 50– 59  years (17,358/69,544; 25.0%). In total, 36.8% 
(25,583/69,544) and 25.3% (17,617/69,544) of the patients 
had localized disease and regional metastasis, respec-
tively, and 14.4% patients (10,032/69,544) had a CCI score 
of ≥3. Overall, 76.3% (53,035/69,544) underwent adjuvant 
chemotherapy; 61.1% (42,504/69,544), adjuvant radio-
therapy; and 69.8% (48,511/69,544), adjuvant hormonal 
therapy.

The median follow- up period was 72.9 months (range: 
12.0– 133.3), and 11,676 patients (16.8%) experienced re-
currence and 5241 (7.5%) died, 83.1% of whom died from 
breast cancer.

3.2 | Imaging follow- up

After completion of surgery, 93.1% (64,754/69,544) of sur-
vivors underwent mammography; 6.8% (4737/69,544), 
breast MRI; 94.5% (65,713/69,544), chest radiography; 
71.3% (49,588/69,544), chest CT; 84.5% (58,746/69,544), 
bone scan; 67.1% (46,680/69,544), PET- CT; and 53.8% 
(37,389/69,544), DEXA. In total, 97.2% (67,587/69,544) 
underwent CT, bone scan, or PET at least once (Table 2). 
Within 3 years of breast cancer surgery, ≥1 and ≥3 mam-
mography examinations were performed in 89.6% 
(62,288/69,544) and 54.7% (27,353/69,544, 39.3%, 3– 4; 
10,669/69,544, 15.4%, ≥5); chest radiography in 88.6% 
(61,584/69,544) and 66.5% (46,212/69,544); chest CT in 
40.3% (28,007/69,544) and 16.2% (11,274/69,544); bone scan 
in 78.7% (54,740/69,544) and 45.6% (31,719/69,544); and 
PET- CT in 40.3% (28,052/69,544) and 8.5% (5927/69,544).
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Young women aged <30  years underwent less mam-
mography (576/1157, 49.8%, p < 0.001) and more breast 
MRI (73/1157, 6.3%, p  <  0.001, Table  3). Old women 
aged ≥70  years had less imaging work- up (mammog-
raphy: 37.6% (1170/3111), breast MRI: 1.3% (39/3111), 
chest radiography: 48.5% (1509/3111), chest CT: 11.0% 

(343/3111), bone scan: 27.5% (856/3111), and PET- CT: 
5.9% (183/3111), Table  3). Patients with local disease 
underwent more mammography (14,987/25,583, 58.6%) 
and breast MRI (1281/25,583, 5.0%). Systemic imaging 
work- ups were performed in patients with regional dis-
ease, those who underwent chemotherapy, and those 
who underwent radiotherapy (Table  3). Patients who 
underwent adjuvant hormonal therapy underwent more 
bone scan (46.9% (22,729/48,511) vs. 42.7% (8990/21,033), 
p < 0.001) and less chest CT (15.6% (7589/48,511) vs. 17.5% 
(3685/21,033), p < 0.001) and PET- CT (7.9% (3826/48,511) 
vs. 10.0% (2101/21,033), p < 0.001).

3.3 | Survival according to pattern of 
imaging work- up

Our analysis of the association between imaging follow-
 up and clinical outcomes showed that the patients who 
underwent more systemic imaging follow- up had higher 
rates of recurrence, breast cancer- related mortality, and 
overall mortality (Table  4). To determine whether fre-
quent imaging follow- up resulted in a lower mortality rate, 
we separately compared the HRs for breast cancer- related 
mortality and overall mortality according to the number of 
imaging studies performed for each modality (<3 vs. ≥3) 
within 3 years among patients who developed recurrence 
3 years after surgery (Table 5). In univariate analyses, pa-
tients who underwent mammography ≥3 times showed a 
lower overall mortality rate (HR: 0.69, 95% CI: 0.59– 0.81, 
p < 0.001) and breast cancer- related mortality rate (HR: 
0.69, 95% CI: 0.58– 0.81, p  <  0.001) compared to those 
who underwent mammography <3 times. After adjusting 
for age at diagnosis, chemotherapy, radiotherapy, adju-
vant hormonal therapy, and comorbidities, only frequent 
mammography significantly influenced overall mortality 
(HR: 0.72, 95% CI: 0.61– 0.84, p < 0.001) and breast cancer- 
related mortality (HR: 0.72, 95% CI: 0.61– 0.84, p < 0.001). 
After additionally adjusting for the stage at diagnosis, any 
breast imaging including mammography and systemic 
imaging did not influence survivals (Table 5).

4  |  DISCUSSION

This study found that among the imaging modalities 
used for follow- up surveillance after curative surgery for 
breast cancer, only frequent mammography is associated 
with survival, and frequent use of other imaging modali-
ties did not lower the rates of overall and breast cancer- 
related mortality, particularly in patients who developed 
recurrence after surgery. Further, the pattern of imaging 
follow- up differed by age, stage, and type of treatment.

T A B L E  1  Baseline patient characteristics

N %

Total 69,544 100.0

Age at diagnosis, years <30 1157 1.7

30– 39 10,905 15.7

40– 49 28,383 40.8

50– 59 17,358 25.0

60– 69 8630 12.4

≥70 3111 4.5

Stage at diagnosisa Localized 25,583 36.8

Regional 17,617 25.3

Unknown or 
missing

26,344 37.9

Year of diagnosis 2002 6237 9.0

2003 6969 10.0

2004 7388 10.6

2005 8049 11.6

2006 9069 13.0

2007 9947 14.3

2008 10,697 15.4

2009 11,188 16.1

Charlson comorbidity 
indexb 

0 22,333 32.1

1 23,892 34.4

2 13,287 19.1

≥3 10,032 14.4

Adjuvant chemotherapy No 16,509 23.7

Yes 53,035 76.3

Adjuvant radiotherapy No 27,040 38.9

Yes 42,504 61.1

Adjuvant hormonal 
therapy

No 21,033 30.2

Yes 48,511 69.8

Recurrence No 57,868 83.2

Yes 11,676 16.8

Death No 64,303 92.5

Yes 5241 7.5

Cause of death Breast cancer 4357 83.1

Other cancer 350 6.7

Other cause 502 9.6

Missing 32 0.6
aStage was evaluated since 2005.
bExcept cancer.
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Recent guidelines, such as those from the  American 
Society of Clinical Oncology, National Comprehensive 
Cancer Network (NCCN), and European Society for 
Medical Oncology (ESMO) do not recommend other lab-
oratory tests (e.g., tumor markers) or imaging tests (e.g., 
bone scans, chest or abdominal CT, PET- CT) in asymp-
tomatic patients because there is no evidence to support 
their survival benefit.5,18,19 However, these tests are being 
performed in clinical practice because of patient and cli-
nician fear of recurrence or metastasis and the belief that 
early detection using more intensive imaging work- ups re-
duces cancer- related death. This is supported by the results 
of the current study, in which 97.2% of the patients un-
derwent a systemic imaging work- up that included a bone 
scan, CT, or PET- CT. In a survey of clinicians on follow- up 
after primary treatment of breast cancer conducted by the 
Korean Breast Cancer Society, most respondents indicated 
that they conducted more intensive follow- up imaging 
work- ups than recommended in the current guidelines,11 
similar to the findings of the current study.

With respect to the patterns of imaging work- ups, we 
found that they differed by age, stage, and type of treat-
ment. In young women aged <30, more breast MRIs and 
fewer mammograms were performed. This could be be-
cause of the tendency for dense breast tissue and genetic 
susceptibility (BRCA1/2 mutation) in these patients.20,21

Meanwhile, in patients treated with adjuvant hor-
monal therapy (i.e., those with hormone receptor- positive 
breast cancer), more bone scans and fewer chest CTs were 
performed. This result could be interpreted to mean that 
clinicians tend to recommend different systemic imaging 
modalities according to the tumor characteristics, as hor-
mone receptor- positive tumors develop more bone metas-
tases than visceral metastases.

We also found that systemic imaging work- ups were 
more frequently performed in patients with advanced can-
cer and in patients who receive chemotherapy. However, 
this did not improve overall survival or breast cancer- 
related survival. Previous randomized controlled trials 
have found that less- intensive follow- up strategies did 
not negatively affect patient outcomes or early detection 
of recurrence. In addition, more intensive follow- up was 
associated with higher costs without differences in early 
detection of relapses.22,23 In other systematic review ar-
ticle evaluating the clinical effects of intensive versus 
less- intensive follow- up on disease outcomes, intensive 
follow- up with more frequent work- ups did not reduce 
mortality and recurrences in breast cancer patients. 24 In 
addition, there was no survival benefit associated with the 
early diagnosis of recurrence by intensive follow- up prior 
to the occurrence of symptoms, supporting the validity 
of the current guidelines.9 Moreover, one study reported 
that the intensity of imaging work- up did not affect QoL 
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in breast cancer survivors, and 70% of the patients even 
reported feeling more stressed and anxious when they 
visited clinics, especially after undergoing tests. 25 Expert 
panel on breast imaging according to ACR appropriate-
ness criteria comment that there is no role for imaging to 
screen for distant recurrences in asymptomatic patients 
with a history of stage I breast cancer that received treat-
ment for curative intent. They recommend that routine 
surveillance with an annual mammogram is the only im-
aging test that should be performed to detect an in- breast 
recurrence or a new primary breast cancer in women with 
a history of stage I breast cancer. 26

This study has some limitations. First, the merged data 
used for the study did not include detailed information on 
tumor characteristics, such as hormone receptor status. To 
compensate, we analyzed the outcomes by adjusting for 
hormonal therapy status. Second, we were not able to take 
into account the indication for the imaging work- ups such 
as cancer- related symptoms, comorbidity- related causes, 
or other medical issues or who prescribed the work- ups 
(e.g., oncologists or primary physician) in our analyses. 
However, we considered the presence of morbid disease 
and the cause of death in our analysis of the effect of inten-
sive imaging work- ups on survival. Third, this study was 
not randomized or a planned prospective study. However, 
the national health insurance data and statistics which 
our analyses are based on are highly specific because the 
KNHIS is the only public health insurer and covers at least 
98% of Koreans and is the only representative national da-
tabase to include cause of death. 27

In conclusion, this study showed that as a follow- up 
imaging modality, only frequent mammography and no 
other imaging modalities reduce overall mortality and 
breast cancer- related mortality in Korean female breast 
cancer patients. These findings provide evidence that fre-
quent systemic imaging work- ups are not needed despite 
the fear of recurrence. Therefore, clinicians need to ad-
here to the current guidelines for surveillance after cura-
tive treatment in breast cancer patients.
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