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Intensity of metastasis screening 
and survival outcomes in patients 
with breast cancer
Jong‑Ho Cheun1,6, Jigwang Jung1,6, Eun‑Shin Lee1, Jiyoung Rhu2, Han‑Byoel Lee1, 
Kyung‑Hun Lee3, Tae‑Yong Kim3, Wonshink Han1,4, Seock‑Ah Im3,4,5, Dong‑Young Noh1,4 & 
Hyeong‑Gon Moon1,5*

Previous randomized trials, performed decades ago, showed no survival benefit of intensive screening 
for distant metastasis in breast cancer. However, recent improvements in targeted therapies and 
diagnostic accuracy of imaging have again raised the question of the clinical benefit of screening 
for distant metastasis. Therefore, we investigated the association between the use of modern 
imaging and survival of patients with breast cancer who eventually developed distant metastasis. 
We retrospectively reviewed data of 398 patients who developed distant metastasis after their 
initial curative treatment between January 2000 and December 2015. Patients in the less‑intensive 
surveillance group (LSG) had significantly longer relapse‑free survival than did patients in the intensive 
surveillance group (ISG) (8.7 vs. 22.8 months; p = 0.002). While the ISG showed worse overall survival 
than the LSG did (50.2 vs. 59.9 months; p = 0.015), the difference was insignificant after adjusting for 
other prognostic factors. Among the 225 asymptomatic patients whose metastases were detected on 
imaging, the intensity of screening did not affect overall survival. A small subgroup of patients showed 
poor survival outcomes when they underwent intensive screening. Patients with HR‑/HER2 + tumors 
and patients who developed lung metastasis in the LSG had better overall survival than those in the 
ISG did. Highly intensive screening for distant metastasis in disease‑free patients with breast cancer 
was not associated with significant survival benefits, despite the recent improvements in therapeutic 
options and diagnostic techniques.

Breast cancer is the most frequently diagnosed cancer and the leading cause of cancer-related death among 
 women1. Despite improved overall survival among patients with breast  cancer2, a significant number of patients 
eventually develop distant metastasis after initial  treatment3. The diagnosis of distant metastasis in patients with 
breast cancer is clinically and psychologically important because the presence of metastasis results in a shift of 
disease-free status into incurable stage IV status.

Current major guidelines recommend against the use of routine imaging to detect distant metastasis in 
asymptomatic patients with breast  cancer4,5. These recommendations are based on the findings of randomized 
trials that showed no survival or quality-of-life benefits on routine intensive imaging studies for breast  cancer6–8. 
A recently updated systematic review of the randomized trials showed that regular physical examination and 
yearly mammograms are as effective as highly intensive imaging considering overall  survival9. Thus, intensive 
screening for distant metastasis does not provide survival benefit but rather increases the risk of extending the 
duration of toxic treatment, as intensive screening might result in the earlier detection of metastatic  lesions6,7.

However, the above-mentioned randomized trials were conducted nearly three decades ago when treat-
ment strategies for resectable breast cancer were substantially different from those used currently. Moreover, 
the survival of patients with metastatic breast cancer has significantly improved over the last three  decades10–12. 
Furthermore, a subset of patients with metastatic breast cancer experience durable clinical remission when they 
are treated with intensive multidisciplinary approaches for oligometastatic  lesions13,14. Finally, there has been a 
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significant improvement in the diagnostic accuracy of various imaging techniques. Thus, the clinical benefit of 
intensive screening for distant metastasis should be reevaluated.

Retrospective analysis of the benefit of intensive screening for patients with breast cancer has major draw-
backs: patients at a higher risk of developing distant metastasis may undergo imaging tests more frequently, 
resulting in selection  bias15,16. Moreover, patients who undergo intensive screening may show improved post-
relapse survival, as the metastatic lesions might be detected earlier, resulting in lead-time bias, and the lesions 
can be biologically indolent, causing length  bias17. Accordingly, in the present study of 398 patients with breast 
cancer with distant metastasis, we tried to minimize selection bias by excluding all patients without distant 
metastasis and aimed to negate lead-time bias by defining survival as the duration between the date of initial 
treatment and the date of death.

Patients and methods

Patients. We obtained the baseline clinical data and reviewed the detailed information of patients with 
breast cancer who were diagnosed between January 2000 and July 2015 from our institutional database of 
patients with breast cancer. We included patients who developed distant metastasis after the initial recurrence-
free survival (RFS) treatment. We excluded patients with synchronous or metachronous malignancies in other 
organs, bilateral breast cancer, male breast cancer, and recurrent breast cancer. We identified 398 patients who 
were initially diagnosed with non-metastatic, resectable breast cancer, received follow-up care in our institution, 
and eventually developed distant metastasis. From the database, we obtained the baseline characteristics and 
clinicopathologic information. Initial breast cancer was pathologically staged according to the 7th AJCC criteria. 
Hormone receptor (i.e., HR, including estrogen and/or progesterone receptors) data were collected according to 
immunohistochemistry findings, with positivity defined as > 1%. Human epidermal growth factor receptor type 
2 (HER2) status was evaluated with anti-HER2 antibodies and/or fluorescence in situ hybridization. We also 
collected the data regarding the use of various imaging studies including chest radiography, bone scintigraphy, 
computed tomography (CT), ultrasonography (USG), magnetic resonance imaging (MRI), and fludeoxyglu-
cose-positron emission tomography (18F-FDG/PET).

Distant metastasis and screening intensity. Distant metastasis was defined as any recurrences at any 
sites outside the breast and regional lymph nodes. The metastatic sites included the bones, lungs, pleura, liver, 
brain, and distant lymph nodes; they were classified into bone, visceral (lung, pleura, liver, brain, and distant 
lymph node), and mixed metastases (bone and visceral) for comparison. When metastases were observed in 
multiple organs within 2 months of treatment, they were defined as multiple site metastases. The clinical diag-
nosis of distant metastasis was made after histologic confirmation of metastasis or imaging findings compat-
ible with metastasis when biopsy was not feasible. We also reviewed the presence of symptoms associated with 
metastases using each patient’s medical records. Ambiguous cases such as the perception of symptoms after 
knowing the presence of metastasis or symptoms not associated with the site of metastases were considered 
asymptomatic.

To assess the intensity of distant metastasis screening, we calculated the time interval between the date of 
clinical diagnosis of distant metastasis and the date of previous imaging examinations that targeted the organ 
where the metastasis developed. For example, if a patient developed bone metastasis, the screening intensity was 
determined considering the date of the previous bone scintigraphy or 18F-FDG/PET. For lung and liver metas-
tases, the dates of chest radiography, chest CT, and 18F-FDG/PET and the dates of abdominal USG, abdominal 
CT, and 18F-FDG/PET were considered, respectively (Fig. 1). Additionally, we performed same analysis using a 
different definition of surveillance intensity by calculating total number of exams between the time of operation 
and diagnosis of distant metastasis dividing with RFS for each patient. Moreover, only tests that were conducted 
within 2 years before the occurrence of metastasis were analyzed separately.

Statistical analyses. Overall survival was the time between the date of initial diagnosis and the date of 
death. Recurrence-free survival was the time from the date of initial diagnosis to the date of first clinical diagno-
sis of distant metastasis. The date of death was obtained from the Office for National Statistics of Korea. Survival 
analyses were performed with the Kaplan–Meier method. The log-rank test and Gehan-Breslow-Wilcoxon test 
were used to compare survival curves. The Cox proportional hazards regression model was used for multivariate 
survival analysis. Variables that showed a P-value < 0.05 on the log-rank or Breslow test were included in mul-
tivariate analysis. All analyses were performed using SPSS (version 22.0; SPSS, Inc.). The statistical significance 
was set at P < 0.05.

Ethics approval and consent to participate. This study was approved by the institutional review board 
(IRB) of Seoul National University Hospital (SNUH; IRB No. H-1905-047-1031), and the study followed the 
Declaration of Helsinki and good clinical practice guidelines. All patients gave informed consent.

Results
Patient characteristics. We identified 398 patients with breast cancer who developed distant metastasis 
and who met the inclusion criteria. The mean age at the time of initial treatment was 47.6 ± 11.0 years. Almost 
half of the patients had stage III breast cancer initially (45.8%), and two-thirds of the patients underwent mas-
tectomy (68.6%). The clinical characteristics of the included patients are listed in Table 1. The interval between 
the detection of metastatic lesions and the date of previous imaging studies for the particular organ for each 
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individual patient is shown in Fig. 1. The median interval between the previous imaging study and the detec-
tion of metastasis was 10.5 ± 9.8 months. Our patients were classified into two groups: the intensive screening 
group (ISG, n = 199) and the less-intensive screening group (LSG, n = 199), with median intervals of 4.5 ± 1.6 
and 16.4 ± 11.0 months, respectively. The ISG had a significantly higher incidence of neoadjuvant chemotherapy, 
postoperative radiotherapy, stage III disease, and previous history of locoregional recurrence, and was more 
likely to be diagnosed in more recent years (Table 1).

Survival outcomes and screening intensity. The distant-metastasis free survival of the 398 patients 
with breast cancer according to the frequency of imaging studies is shown in Fig. 2a. Patients in the ISG had a 
significantly shorter distant-metastasis free survival especially in the early phase of follow-up than in the LSG 
(log rank p = 0.083, Breslow p = 0.002). The LSG had a significantly higher overall survival (log rank p = 0.046, 
Breslow p = 0.015, Fig. 2b). However, after adjusting for other prognostic factors, multivariate Cox regression 
analysis revealed no significant difference in overall survival between the two groups (hazard ratio [HR] = 1.21, 
95% confidence interval [CI]: 0.95–1.54; p = 0.124; Table 2). The initial N stage, hormone receptor status, Ki-67 
expression level, history of previous locoregional recurrence, presence of symptoms at the diagnosis of distant 
metastasis, and metastatic site remained independent factors predicting overall survival. Additionally, we used 
different definition of surveillance intensity based on the number of all exams during the RFS. The survival 
analysis showed similar results including that of the Cox-regression analysis (Supplementary Fig. 1). To fur-
ther minimize the effect of the confounding variables, we conducted propensity score matching incorporating 
initial N stage, hormone receptor status, Ki-67 expression level, history of previous locoregional recurrence, 
presence of symptoms and metastatic sites. Based on propensity score matching, a total of 159 pairs of patients 
was included in the survival analysis. There was no difference in overall survival between matched LSG and ISG 
groups (log rank p = 0.264, Breslow p = 0.129, Supplementary Fig. 2a).

We then examined the association between the screening intensity for distant metastasis and survival con-
sidering different subtypes of breast cancer. There was no significant interaction between variables including 
subtypes and sites of metastasis and intensity of surveillance (p > 0.05, data not shown). As shown in Fig. 2c–f 
and supplementary Fig. 3, the screening intensity did not affect the survival outcomes considering HR + /HER2-, 
HR + /HER2 + , and HR-/HER2- subtypes. However, the LSG group had significantly better overall survival than 
the ISG group did when the tumors were HR-/HER2 + . Nevertheless, the prognostic importance of screening 
intensity did not remain significant in this subgroup after adjusting for other prognostic factors by using a Cox 
regression model (HR = 1.47, 95% CI: 0.80–2.73; p = 0.217, Supplement Table 1).

Sites of metastasis, presence of symptoms, and effects of screening intensity. Among the 398 
patients with distant metastasis, 220 developed distant metastasis in a single organ: 100 patients had bone metas-
tasis, 85 had lung metastasis, and 35 had liver metastasis. The remaining 178 patients developed metastases in 
multiple organs. The intensity of screening did not affect the overall survival of patients who developed metasta-
sis in the bones, liver, or multiple organs. However, the overall survival of patients whose first site of metastasis 
was the lungs was significantly low (Fig. 3). The screening intensity remained an independent prognostic factor 
of overall survival in patients with lung metastasis after adjusting for other prognostic factors (HR = 2.10, 95% 
CI: 1.06–4.17; p = 0.034, Supplement Table 2). However, the patients with lung metastasis in the ISG showed 
higher incidence of symptoms (43.9% vs. 19.5%, p = 0.018) and previous history of local recurrences (41.5% vs. 
14.6%, p = 0.007).

Bone Metastasis

Lung Metastasis

Liver Metastasis

time x1

time x2

time x3

Bone Scan Chest X-ray

Chest CT

Abdomen USG

Abdomen CT

FDG-PET

Figure 1.  Definition of time intervals. We calculated the interval between the date of clinical diagnosis of 
metastasis and the date of previous imaging studies of target organs. For instance, for a patient with lung 
metastasis, as shown in this figure, the time interval  (X2) was defined as the date between chest CT at diagnosis 
of metastasis and previous chest radiography, not including abdominal USG and abdominal CT. 18F-FDG-PET 
was allowed regardless of metastasis sites. The time intervals for patients with bone metastasis  (X1) and those 
with liver metastasis  (X3) were calculated with the same principles. USG, ultrasonography; CT, computed 
tomography; 18F-FDG-PET, fludeoxyglucose-positron emission tomography.
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Table 1.  Demographic and clinical characteristics of patients. Data are number of patients and percent (%) or 
mean ± standard deviation. ISG intensive surveillance group, LSG less-intensive surveillance group, BMI body 
mass index, BCS breast-conserving surgery, HER2 human epidermal growth factor receptor 2, TNBC triple-
negative breast cancer. a Stratified according to the American Joint Committee on Cancer (AJCC)  7th TNM 
stage.

Characteristics Total (n = 398) ISG  (n = 199) LSG  (n = 199) P-value

Initial age (years) 47.6 ± 11.0 46.8 ± 10.5 48.3 ± 11.5 0.081

BMI (kg/m2) 23.5 ± 3.3 23.4 ± 3.5 23.6 ± 3.2 0.906

Menopausal status 0.098

Premenopausal 248 (62.3) 132 (66.3) 116 (58.3)

Postmenopausal 150 (37.7) 67 (33.7) 87 (41.7)

Neoadjuvant chemotherapy  < 0.001

Administered 98 (24.6) 64 (32.2) 34 (17.1)

Not administered 300 (75.4) 135 (67.8) 165 (82.9)

Surgery type 0.052

BCS 125 (31.4) 72 (36.2) 53 (26.6)

Mastectomy 273 (68.6) 127 (63.8) 146 (73.4)

Chemotherapy 0.177

Administered 359 (90.2) 175 (87.9) 184 (92.5)

Not administered 39 (9.8) 24 (12.1) 15 (7.5)

Radiotherapy 0.002

Administered 257 (64.6) 143 (71.9) 114 (57.3)

Not administered 141 (35.4) 56 (28.1) 85 (42.7)

TNM stagea 0.020

I 34 (9.0) 10 (5.4) 24 (12.5)

II 171 (45.2) 81 (43.5) 90 (46.9)

III 173 (45.8) 95 (51.1) 78 (40.6)

Histologic grade 0.937

I–II 120 (32.3) 59 (32.1) 61 (32.4)

III 252 (67.7) 125 (67.9) 127 (67.6)

Lymphovascular invasion 0.104

Present 230 (57.8) 123 (61.8) 107 (53.8)

Absent 168 (42.2) 76 (38.2) 92 (46.2)

Hormone receptor status 0.513

Positive 195 (49.4) 94 (47.7) 101 (51.0)

Negative 200 (50.6) 103 (52.3) 97 (49.0)

HER2 expression 0.221

Positive 127 (32.8) 59 (29.6) 68 (35.8)

Negative 260 (67.2) 138 (70.1) 122 (64.2)

Ki-67 index 0.091

≥ 15% 136 (35.1) 77 (39.1) 59 (30.9)

< 15% 252 (64.9) 120 (60.9) 132 (69.1)

Subtype 0.351

Luminal A 121 (31.4) 62 (31.6) 59 (31.2)

Luminal B 67 (17.4) 31 (15.8) 36 (19.0)

Her-2 enriched 91 (23.6) 42 (21.4) 49 (25.9)

TNBC 106 (27.5) 61 (31.1) 45 (23.8)

Year of metastasis 0.001

2001–2007 226 (56.8) 97 (48.7) 129 (64.8)

After 2008 172 (43.2) 102 (51.3) 70 (35.2)

Previous local recurrence 0.008

Present 116 (29.1) 70 (35.2) 46 (23.1)

Absent 325 (70.9) 129 (64.8) 153 (76.9)

Time interval between examinations (months) 10.5 ± 9.8 4.5 ± 1.6 16.4 ± 11.0  < 0.001
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As the presence of symptoms at the time of diagnosis might lead to the performance of imaging studies 
earlier than the pre-scheduled dates, patients who develop symptomatic, rapidly progressing distant metastasis 
are more likely to have a shorter time interval between the previous imaging studies and the diagnosis of distant 
metastasis. To overcome this issue, we identified 225 patients whose distant metastases were asymptomatic and 
who were diagnosed using screening imaging studies. As shown in Fig. 4a, we observed similar associations 
between the screening intensity and the survival outcomes of patients with asymptomatic distant metastasis. Also, 
the propensity score matching analysis for asymptomatic patients using 96 pairs of patients showed the same 
result (Supplementary Fig. 2b). Patients in the LSG had significantly higher overall survival when the patients 
had HR-/HER2 + tumors and when the first site of metastasis was the lungs (Fig. 4b–h, Supplementary Fig. 3). 
Among these 225 asymptomatic patients, we also observed that the screening intensity showed borderline prog-
nostic significance in HR−/HER2− subtype (Fig. 4e). However, the interaction assessment among asymptomatic 
patients revealed significant interaction between both hormone receptor status (p = 0.001) and the metastasis 
site (p = 0.022) and the intensity of surveillance.

Discussion
In the current study, we showed that intensive imaging during the post-treatment follow-up period was not 
associated with survival benefit in patients with breast cancer. We also observed that in a subset of patients, i.e., 
patients with lung metastasis, highly intensive screening for distant metastasis was associated with poor survival 
outcomes. Our data indicate that, despite the recent development in targeted therapy for patients with stage IV 
breast cancer, earlier detection of distant metastasis does not result in survival benefit for patients with breast 
cancer who developed distant metastasis.

Two randomized controlled trials have evaluated the efficacy of intensity of surveillance in patients with breast 
cancer. In 1994, the Interdisciplinary Group for Cancer Care Evaluation (GIVIO)7 randomized 1320 patients with 
breast cancer into intensive or clinical surveillance; they reported that treatment outcomes and quality of life were 
not significantly different between the groups after follow-up for 71 months. Similarly, Del Turco et al. and Palli 
et al.6,18 enrolled 1,243 patients, and showed significantly higher recurrence free survival for clinical groups, but 
failed to show significant difference on overall mortality at 5- and 10-years of follow-ups. The data showed the 
lack of survival benefit of intensive surveillance for distant metastasis; these are the basis of the current guide-
lines that recommend against routine imaging studies—except mammography—for asymptomatic disease-free 
patients with breast  cancer4,5,19. However, these trials were conducted before the era of targeted therapies such as 
trastuzumab (NCT00829166) or CDK inhibitors (NCT01740427), which have significantly improved the survival 
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Figure 2.  Kaplan–Meier curves showing recurrence-free survival and overall survival of all patients. The 
Kaplan–Meier curves show recurrence-free survival (a) and overall survival (b–f). The survival curves for all 
398 patients (b) and for patients stratified according to the hormone receptor and HER2-overexpression status 
(c–f) are shown. Among all, 13 patients were unable to obtain the data of subtypes. P-values were calculated 
by using the log-rank test along with Gehan–Breslow–Wilcoxon tests (in the parenthesis). ISG intensive 
surveillance group, LSG less-intensive surveillance group, HR hormone receptor, HER2 human epidermal 
growth factor receptor type 2.
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of patients with stage IV breast  cancer20,21. Moreover, the diagnostic accuracy of modern imaging studies has 
substantially improved since these clinical  trials22–24. Therefore, our study included patients who were diagnosed 
between 2000 and 2015, and the results show that intensive surveillance still lacks any survival benefit.

Although current  guidelines4,5,19 and systematic  review9,25 do not recommend routine imaging for patients 
with breast cancer, real-word practices often involve the use of advanced imaging studies owing to the belief 
that earlier detection of distant metastasis may lead to improved survival 15,16,26,27. Moreover, diagnostic studies 

Table 2.  Clinicopathologic features affecting post-operative overall survival. HR hazard ratio, CI confidence 
interval, BMI body mass index, HER2 human epidermal growth factor receptor 2, Ref. reference. *The p values 
are derived from the Log-rank test and the p values from the Breslow test are shown in the parenthesis.

Univariate analysis Multivariate analysis

P-value* HR (95% CI) P-value HR (95% CI)

Initial age (years) 0.746 (0.728) – –

< 40 Ref

≥ 40 0.96 (0.75–1.23)

BMI (kg/m2) 0.539 (0.985) – –

< 25.0 Ref

≥ 25.0 1.08 (0.85–1.36)

Post-menopausal status 0.750 (0.968) 1.04 (0.83–1.29) – –

Neoadjuvant chemotherapy 0.090 (0.004) 0.689

Administered Ref Ref

Not administered 0.80 (0.62–1.04) 1.06 (0.78–1.45)

Surgery type 0.130 (0.277) – – –

Breast-conserving Ref

Mastectomy 1.20 (0.95–1.52)

Chemotherapy 0.645 (0.999) – –

Administered Ref

Not administered 0.91 (0.61–1.36)

Radiotherapy 0.489 (0.882) – –

Administered Ref

Not administered 0.92 (0.74–1.16)

T stage 0.028 (0.108) 0.372

I Ref Ref

II 1.29 (0.96–1.74) 1.23 (0.89–1.71)

III–IV 1.51 (1.04–2.19) 1.33 (0.86–2.05)

N stage  < 0.001 (< 0.001) 0.014

0 Ref Ref

I 1.19 (0.89–1.60) 1.17 (0.85–1.61)

II 1.47 (1.07–2.01) 1.60 (1.13–2.27)

III 1.88 (1.38–2.56) 1.63 (1.13–2.33)

Histologic grade 0.067 (< 0.001) 0.988

I–II Ref Ref

III 1.25 (0.99–1.58) 1.00 (0.77–1.31)

Lymphovascular invasion 0.073 (0.161) 1.22 (0.98–1.52) - -

Hormone receptor negativity  < 0.001 (< 0.001) 1.72 (1.38–2.13) 0.002 1.48 (1.15–1.91)

HER2 expression 0.993 (0.681) 1.00 (0.79–1.26) - -

High Ki-67 index 0.002 (< 0.001) 1.45 (1.15–1.82) 0.025 1.34 (1.04–1.74)

Year of metastasis 0.004 (0.001) 0.052

2000–2007 Ref Ref

After 2008 0.73 (0.58–0.91) 0.78 (0.61–1.00)

Previous local recurrence  < 0.001 (0.001) 1.69 (1.34–2.13) 0.110 1.25 (0.95–1.65)

Site of first metastasis  < 0.001 (0.001) 0.009

Bones Ref Ref

Visceral 1.25 (0.94–1.67) 1.04 (0.75–1.44)

Mixed 2.05 (1.54–2.73) 1.53 (1.10–2.12)

Symptoms present  < 0.001 (< 0.001) 2.11 (1.70–2.63)  < 0.001 1.66 (1.29–2.14)

Intensive surveillance 0.046 (0.015) 1.24 (1.00–1.55) 0.124 1.21 (0.95–1.54)
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for distant metastasis may provide emotional support and reassurance to both the physician and patient 6,28–30. 
However, frequent visits may elevate the anxiety of breast cancer survivors 31, and intensive surveillance may 
increase false-positive results for distant metastasis that may further increase the psychological burden 32,33. 
Furthermore, Meyer et al.34 reported a significant association between intensive surveillance and the risk of 
secondary cancer or radiation-induced malignancy in the patient’s lifetime. Therefore, the decision regarding 
optimal surveillance after the initial treatment for breast cancer must be well-balanced after considering the 
advantages and disadvantages.

The current study has several limitations. This was a retrospective study from a single, high-volume insti-
tution. The retrospective nature inherently raises the possibility of selection bias. To eliminate the effect of 
selection bias that high-risk patients with breast cancer may undergo very intensive screening, we limited our 
analysis to patients who eventually developed distant metastasis. Despite our efforts of excluding patients who 
did not develop distant metastasis, patients with more aggressive features within the study population were 
more likely to undergo intensive surveillance, as indicated in our results. This selection bias may have masked 
the potential protective effect of intensive surveillance, because the high-risk features—such as triple-negative 
subtype or advanced stage at diagnosis—are associated with shorter time to death after the development of 
distant  metastasis12. Therefore, our current findings require further validation by using data from a multi-
institutional database or a nationwide registry. However, obtaining detailed clinical information about the type 
of metastasis and the use of imaging studies remain a major hurdle for such validation studies. In addition, we 
could not adjust for the complex information regarding the use of adjuvant systemic therapies and the response 
to palliative systemic treatment. Moreover, our study population included a substantial proportion of patients 
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Figure 3.  Kaplan–Meier curves showing overall survival depending on initial metastases sites. The survival 
curves for patients with bone (a), liver (b) and multiple metastases (d) showed no significant differences 
between the two groups. However, the intensive surveillance group showed a significantly low overall survival 
among patients with lung metastasis (c). ISG intensive surveillance group, LSG less-intensive surveillance group.
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Figure 4.  Kaplan–Meier curves showing overall survival of asymptomatic patients and subgroups. The 
Kaplan–Meier curves show the overall survival of 225 asymptomatic patients. Overall survival was analyzed 
after dividing the patients into the intensive surveillance group and less-intensive surveillance group (a). 
Further subgroup analysis was performed according to subtypes (b–e) and sites of metastases (f–h). Among 
asymptomatic patients, 3 patients were unable to obtain the data of subtypes. ISG intensive surveillance group, 
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type 2.



8

Vol:.(1234567890)

Scientific Reports |         (2021) 11:2851  | https://doi.org/10.1038/s41598-021-82485-w

www.nature.com/scientificreports/

whose disease severity was determined by using the clinical TNM staging because they underwent neoadjuvant 
therapy. The potential discrepancy between the clinical stage and anatomic stage of breast cancer might have 
made our results more  complex35. Finally, it is unclear why intensive surveillance was associated with worse 
overall survival in patients with HR−/HER2 + tumors or patients who developed lung metastasis in our study. It 
is possible that small number of patients in each subgroup or unknown confounding factors may have resulted 
this observation. Additionally, unadjusted confounding factors may have contributed to this observation. Cox-
regression analysis also showed significant interaction between both hormone receptor status or metastasis sites 
and intensive surveillance. Unfortunately, we were not able to perform additional propensity score matching 
analysis due to the small number of patients in this subgroup. Alternatively, we cannot also exclude the possibil-
ity that higher anxiety caused by intensive screening may have affected the survival outcomes, because stress 
and anxiety promoted tumor progression in mouse models of various solid tumors including breast tumors36–38.

Conclusion
The results of this retrospective study suggest the lack of any association between intensive surveillance for dis-
tant metastasis and survival benefit in asymptomatic, disease-free patients with breast cancer after their initial 
treatments.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.

Received: 2 June 2020; Accepted: 11 January 2021

References
 1. Bray, F. et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 

countries. CA. Cancer J. Clin. 68, 394–424 (2018).
 2. Allemani, C. et al. Global surveillance of cancer survival 1995–2009: analysis of individual data for 25 676 887 patients from 279 

population-based registries in 67 countries (CONCORD-2). Lancet 385, 977–1010 (2015).
 3. Colleoni, M. et al. Annual hazard rates of recurrence for breast cancer during 24 years of follow-up: Results from the international 

breast cancer study group trials I to V. J. Clin. Oncol. 34, 927–935 (2016).
 4. Cardoso, F. et al. Early breast cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. https 

://doi.org/10.1093/annon c/mdz18 9 (2019).
 5. Runowicz, C. D. et al. American cancer society/American society of clinical oncology breast cancer survivorship care guideline. 

J. Clin. Oncol. 34, 611–635 (2016).
 6. Del Turco, M. R. Intensive diagnostic follow-up after treatment of primary breast cancer. JAMA 271, 1593 (1994).
 7. Ghezzi, P. Impact of follow-up testing on survival and health-related quality of life in breast cancer patients. JAMA 271, 1587 

(1994).
 8. Kokko, R., Hakama, M. & Holl, K. Role of chest X-ray in diagnosis of the first breast cancer relapse: A randomized trial. Breast 

Cancer Res. Treat. 81, 33–39 (2003).
 9. Moschetti, I., Cinquini, M., Lambertini, M., Levaggi, A. & Liberati, A. Follow-up strategies for women treated for early breast 

cancer. Cochrane Database Syst. Rev. 7, 150 (2016).
 10. Cardoso, F. et al. Global analysis of advanced/metastatic breast cancer: Decade report (2005–2015). Breast 39, 131–138 (2018).
 11. Sundquist, M., Brudin, L. & Tejler, G. Improved survival in metastatic breast cancer 1985–2016. Breast 31, 46–50 (2017).
 12. Lee, E. S. et al. Identifying the potential long-term survivors among breast cancer patients with distant metastasis. Ann. Oncol. 27, 

828–833 (2016).
 13. Hanrahan, E. O. et al. Combined-modality treatment for isolated recurrences of breast carcinoma. Cancer 104, 1158–1171 (2005).
 14. Kobayashi, T. et al. Possible clinical cure of metastatic breast cancer: Lessons from our 30-year experience with oligometastatic 

breast cancer patients and literature review. Breast Cancer 19, 218–237 (2012).
 15. Hahn, E. E., Hays, R. D., Kahn, K. L., Litwin, M. S. & Ganz, P. A. Use of imaging and biomarker tests for posttreatment care of 

early-stage breast cancer survivors. Cancer 119, 4316–4324 (2013).
 16. Panageas, K. S., Sima, C. S., Liberman, L. & Schrag, D. Use of high technology imaging for surveillance of early stage breast cancer. 

Breast Cancer Res. Treat. 131, 663–670 (2012).
 17. Lawrence, G. et al. Population estimates of survival in women with screen-detected and symptomatic breast cancer taking account 

of lead time and length bias. Breast Cancer Res. Treat. 116, 179–185 (2009).
 18. Palli, D. Intensive vs clinical follow-up after treatment of primary breast cancer: 10-year update of a randomized trial. JAMA J. 

Am. Med. Assoc. 281, 1586–1586 (1999).
 19. Network, N. C. C. NCCN Guidelines with NCCN Evidence Blocks. Breast Cancer Version 3.2019. (2019).
 20. Verma, S. et al. Trastuzumab emtansine for HER2-positive advanced breast cancer. N. Engl. J. Med. 367, 1783–1791 (2012).
 21. Finn, R. S. et al. Palbociclib and letrozole in advanced breast cancer. N. Engl. J. Med. 375, 1925–1936 (2016).
 22. Yoon, J. H., Kim, M. J., Kim, E. K. & Moon, H. J. Imaging surveillance of patients with breast cancer after primary treatment: 

Current recommendations. Korean J. Radiol. 16, 219–228 (2015).
 23. Murakami, R. et al. FDG-PET/CT in the diagnosis of recurrent breast cancer. Acta radiol. 53, 12–16 (2012).
 24. Engelhard, K., Hollenbach, H. P., Wohlfart, K., von Imhoff, E. & Fellner, F. A. Comparison of whole-body MRI with automatic 

moving table technique and bone scintigraphy for screening for bone metastases in patients with breast cancer. Eur. Radiol. 14, 
99–105 (2004).

 25. Lafranconi, A. et al. Intensive follow-up for women with breast cancer: Review of clinical, economic and patient’s preference 
domains through evidence to decision framework. Health Qual. Life Outcomes 15, 1–18 (2017).

 26. Sperduti, I. et al. Breast cancer follow-up strategies in randomized phase III adjuvant clinical trials: A systematic review. J. Exp. 
Clin. Cancer Res. 32, 1 (2013).

 27. Kim, K. S. et al. The reality in the follow-up of breast cancer survivors: Survey of Korean Breast Cancer Society. Ann. Surg. Treat. 
Res. 88, 133 (2015).

 28. Van Hezewijk, M. et al. Professionals’ opinion on follow-up in breast cancer patients; Perceived purpose and influence of patients’ 
risk factors. Eur. J. Surg. Oncol. 37, 217–224 (2011).

 29. Brown, L., Payne, S. & Royle, G. Patient initiated follow up of breast cancer. Psychooncology. 11, 346–355 (2002).

https://doi.org/10.1093/annonc/mdz189
https://doi.org/10.1093/annonc/mdz189


9

Vol.:(0123456789)

Scientific Reports |         (2021) 11:2851  | https://doi.org/10.1038/s41598-021-82485-w

www.nature.com/scientificreports/

 30. Feiten, S. et al. Follow-up reality for breast cancer patients—Standardised survey of patients and physicians and analysis of treat-
ment data. Geburtshilfe Frauenheilkd. 76, 557–563 (2016).

 31. Paradiso, A., Nitti, P., Frezza, P. & Scorpiglione, N. A survey in Puglia: The attitudes and opinions of specialists, general physicians 
and patients on follow-up practice. Ann. Oncol. 6, S53–S56 (1995).

 32. Tomiak, E. & Piccart, M. Routine follow-up of patients after primary therapy for early breast cancer: Changing concepts and chal-
lenges for the future. Ann. Oncol. 4, 199–204 (1993).

 33. Rusch, P. et al. Distant metastasis detected by routine staging in breast cancer patients participating in the national German screen-
ing programme: consequences for clinical practice. Springerplus 5, 1010 (2016).

 34. Meyer, C. et al. Intensive imaging surveillance of survivors of breast cancer may increase risk of radiation-induced malignancy. 
Clin. Breast Cancer 19, e468–e474 (2019).

 35. Abner, A. L. et al. Correlation of tumor size and axillary lymph node involvement with prognosis in patients with T1 breast car-
cinoma. Cancer 83, 2502–2508 (1998).

 36. Thaker, P. H. et al. Chronic stress promotes tumor growth and angiogenesis in a mouse model of ovarian carcinoma. Nat. Med. 
12, 939–944 (2006).

 37. Jang, H.-J., Boo, H.-J., Lee, H. J., Min, H.-Y. & Lee, H.-Y. Chronic stress facilitates lung tumorigenesis by promoting exocytosis of 
IGF2 in lung epithelial cells. Cancer Res. 76, 6607–6619 (2016).

 38. Hassan, S. et al. Behavioral stress accelerates prostate cancer development in mice. J. Clin. Invest. https ://doi.org/10.1172/JCI63 
324 (2013).

Author contributions
Study concepts and design was done by J.-H.C., J.J. and H.-G.M. Collection and assembly of data were performed 
by J.-H.C., J.J., E.-S.L. and J.R. Data analysis and interpretation were performed by J.-H.C., J.J., H.-B.L., W.H. 
and H.-G.M. Statistical analysis was done by J.-H.C., J.J. and H.-G.M. Manuscript preparation and editing was 
performed by J.-H.C., J.J., and H.-G.M. Manuscript review was done by K.-H.L., T.-Y.K., H.-B.L., W.H., S.-A.I. 
and D.-Y.N. Final approval of manuscript was performed by all authors.

Funding
This research was supported by a grant of the Korea Health Technology R&D Project through the Korea Health 
Industry Development Institute (KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea (grant 
number: HA15C0011). This work was supported by the National Research Foundation of Korea (NRF) grant 
funded by the Ministry of Science and ICT, Republic of Korea (MSIT) (No NRF-2019R1A2C2005277).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https ://doi.
org/10.1038/s4159 8-021-82485 -w.

Correspondence and requests for materials should be addressed to H.-G.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2021

https://doi.org/10.1172/JCI63324
https://doi.org/10.1172/JCI63324
https://doi.org/10.1038/s41598-021-82485-w
https://doi.org/10.1038/s41598-021-82485-w
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Intensity of metastasis screening and survival outcomes in patients with breast cancer
	Patients and methods
	Patients. 
	Distant metastasis and screening intensity. 
	Statistical analyses. 
	Ethics approval and consent to participate. 

	Results
	Patient characteristics. 
	Survival outcomes and screening intensity. 
	Sites of metastasis, presence of symptoms, and effects of screening intensity. 

	Discussion
	Conclusion
	References


