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the 5-year breast cancer-specific survival (BCSS) rate was
96.5%. The high-intensity screening group showed sig-
nificantly poorer BCSS compared with the low-intensity
screening group (p < 0.001, HR 3.13; 95% CI 2.32-4.21).
However, both multivariable analysis and propensity score
matching analysis showed no significant association between
the screening intensity and BCSS.

Conclusions. Frequent imaging studies to detect distant
metastasis were associated with earlier detection of distant
metastasis, especially for lung and bone metastasis. How-
ever, intensive surveillance showed no apparent association
with BCSS despite the use of currently available treatments.

Keywords Breast cancer - Surveillance - Imaging study -
Distant metastasis - Mortality

The incidence of breast cancer has substantially increased
worldwide during the last few decades, and it is also cur-
rently the most common female malignancy in Korea.? As
the overall survival rate for patients with breast cancer has
steadily increased over time, a large number of breast can-
cer survivors are undergoing regular follow-up visits.** The
estimated number of breast cancer survivors in the USA was
more than 4 million women in 2022.°

Current guidelines recommend against using imaging
or laboratory tests to detect distant metastasis in asymp-
tomatic patients with breast cancer after their initial treat-
ment.*’ These recommendations are based on the results
of randomized clinical trials that showed no survival
improvement with the use of intensive surveillance for
distant metastasis.®® However, as acknowledged in the
guidelines, there is an urgent clinical need to re-assess this
issue since previous trials were conducted two decades ago
when diagnostic tools were less accurate and therapeutics
were less effective.

Despite the current recommendations, real-world data
show that breast cancer patients regularly undergo one or
more imaging or laboratory tests to screen for distant metas-
tasis.!®"!2 The frequent use of tests may also arise from the
belief that earlier therapeutic intervention for distant metas-
tasis may lead to survival benefits, based on the studies that
have reported successful new therapeutics in metastatic
breast cancer patients. >

In this study, we report the results of a multicenter retro-
spective study conducted by the Korean Breast Cancer Soci-
ety Survivor Research Group (KBCS-SRG) that aimed to
investigate the relationship between the use of frequent tests
and survival for patients with breast cancer. We collected
the real-world data of patients with breast cancer treated
at 11 teaching hospitals in Korea during the period when
subtype-based therapeutics, such as aromatase inhibitors or
trastuzumab, were all approved for clinical use.

PATIENTS AND METHODS
Patients

We retrospectively reviewed the clinicopathologic records
of 4130 patients who underwent surgery for breast cancer
between January 2010 and December 2011 from the 11
hospitals in South Korea. Patients with carcinoma in situ
lesions, male breast cancer, recurrent breast cancer, meta-
static breast cancer, and synchronous or metachronous
malignancies in other organs were excluded. There were
no restrictions on patients’ ages. Initial breast cancer was
staged according to the American Joint Committee on Can-
cer (AJCC) cancer staging manual, the eighth edition.!” The
information on the hormonal receptor status was collected
as one parameter rather than separately for estrogen receptor
and progesterone receptor. Therefore, patient classification
was only possible by the anatomic staging system. Ki-67
expression level was categorized as high or low on the basis
of each institution’s cutoff value. Positive hormone receptor
(estrogen and/or progesterone receptors) was defined as >
1% of stained cells or Allred scores above 2 on the immuno-
histochemistry assay. Human epidermal growth factor recep-
tor type 2 (HER2) was evaluated with anti-HER?2 antibodies,
and patients with equivocal results underwent fluorescence
in situ hybridization or silver-enhanced in situ hybridiza-
tion tests. Among patients with HER2-positive breast cancer,
those with tumor size of > 1.0 cm or metastatic axillary
lymph nodes were treated with the HER2-targeted therapy
according to the insurance coverage indications of the
Korean National Health Insurance. High-volume centers
were defined as those treating > 500 patients with breast
cancer annually. The study was approved by the institu-
tional review board of each institution. All procedures were
conducted following the Declaration of Helsinki, and the
requirement for informed consent was waived.'®

Intensity of Surveillance Exams

We gathered the data on the number of imaging tests
conducted during the distant metastasis-free survival period
after surgery. The use of various imaging tests depended
on each physician’s consideration. The imaging modalities
included bone scans, chest computed tomography (CT),
abdomen ultrasonography (USG), and abdomen CT, all of
which are commonly performed tests for surveillance in
Korea.!” Imaging tests that were performed for symptoms
unrelated to breast cancer were also included. Laboratory
tests and plain X-rays were excluded in our analysis as these
tests show low sensitivity to detect distant metastasis com-
pared with other tests.

Patients were divided into two groups on the basis
of the median value of measured screening intensity,
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calculated by dividing the total number of exams by the
distant metastasis-free survival (DMEFS) interval. We
excluded '®Fludeoxyglucose-positron emission tomogra-
phy (\8F-FDG/PET) from our study to minimize selection
bias, as the Korean National Health Insurance covers it
only when distant metastasis is suspected on other imag-
ing modalities.

Definition of Recurrence and Survival Period

Locoregional recurrence events included ipsilateral breast
tumor recurrence and recurrence at the ipsilateral chest wall,
mastectomy scar, and regional lymph nodes, such as ipsilat-
eral axillary, supra-/infra-clavicular, or internal mammary
lymph nodes. Distant metastasis referred to any recurrence
beyond the locoregional recurrence, such as metastasis to
bone, lung, liver, and distant lymph nodes.

DMEFS was defined as the interval between the date of
surgery and the date of histologic confirmation of distant
metastasis or the date of the last follow-up. When the biopsy
was not feasible, DMFS was determined as the period until
the date of clinical diagnosis that led to the initiation of pal-
liative treatments. Breast cancer-specific survival (BCSS)
was defined as the time from surgery to the death from breast
cancer or breast cancer treatment-related complications.

Statistics

The continuous variables were analyzed with the
Mann—Whitney U test, and categorical variables were ana-
lyzed with Pearson’s y” test. The Log-rank test was used to
compare the survival curves derived from the Kaplan—Meier
method. Cox proportional hazards regression model was
used for multivariable analysis and to estimate the adjusted
hazard ratio. Variables with a two-sided p < 0.10 in the uni-
variate analysis were analyzed in the multivariable analy-
sis, and those that showed multicollinearity were excluded.
Missing data were treated using a complete-case analysis
approach. Statistical significance was set at p < 0.05. All
analyses were conducted using SPSS, version 27.0 (SPSS,
INC., IBM, Armonk, NY, USA), and the Kaplan—-Meier
curves were drawn using GraphPad Prism™, version 9.0
(GraphPad Software, San Diego, CA, USA).

The propensity scores were estimated using a logistic
regression model. Nearest-neighbor matching method was
used for 1:1 matching without replacement using a caliper
width of 0.10 standard deviation of the logit of the pro-
pensity scores. Variables that were differently distributed
between the two groups were included in matching anal-
ysis. Propensity score matching was performed using the
“Matchlt” R package (version 3.6.3).

RESULTS
Patients

A total of 4130 patients with breast cancer who met
the inclusion criteria were included in the study. Table 1
shows the clinicopathologic characteristics of the subjects
and the use of imaging tests in these patients. As presented
in Table 1, more than half of the patients had T1 (54.7%)
and/or NO (62.1%) status, and 3038 (73.6%) patients were
treated with breast conservation surgery. The median fre-
quency of surveillance during the DMFS period was 1.38
exams per year [interquartile range (IQR): 0.77-2.27]. Dur-
ing the median follow-up of 110 months, 175 (4.2%) patients
experienced locoregional recurrence: 26 (14.9%) patients
had distant metastasis concurrently and 33 (18.9%) patients
developed distant metastasis later. A total of 301 (7.3%)
patients developed distant metastasis during the follow-
up period, among which 242 patients had no locoregional
recurrence history. At the time of diagnosis of metastasis,
76 (25.2%) patients experienced symptoms related to distant
metastasis.

Surveillance Intensity and DMFS

We estimated the association between the intensive
metastasis screening and time to distant metastasis by using
the survival data of the 301 patients who eventually devel-
oped distant metastasis during the follow-up. As expected,
highly intensive surveillance for distant metastasis showed
significantly shorter distant metastasis-free survival among
the 301 patients [p < 0.001, hazard ratio (HR) 1.62; confi-
dence interval (CI) 1.29-2.04; Fig. 1a]. The difference in
median time to distant metastasis between the two groups
was 15.3 months (28.8 months for intensive surveillance
vs. 44.1 months for less-intensive surveillance). We also
observed that the initial site of metastasis was associated
with the degree of lead-time. As shown in Fig. 1b—d, bone
metastasis showed the most prolonged difference in median
DMES for metastasis surveillance (30.0 vs. 52.0 months, p
<0.001), followed by lung metastasis (24.9 vs. 39.7 months,
p = 0.004). Intensive metastasis surveillance was not sig-
nificantly associated with DMFS in patients who developed
liver metastasis (median 21.9 vs. 34.3 months, p = 0.051).

Surveillance Intensity and BCSS

Next, the whole study population (n = 4130) was
grouped into the high-intensity surveillance (High-IS)
or the low-intensity surveillance (Low-IS) groups on the
basis of the median value of the screening frequency of
all patients (Supplementary Fig. 1). The median frequency
of the tests was 2.26 (IQR, 1.81-3.12) and 0.77 (IQR,
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TABLE 1 Demographic and clinicopathological characteristics of
patients

All patients
(n =4130)

50.0 (44.0-56.0)
23.2 (21.3-25.6)

Age at operation (years)
BMI (kg/m?)
Institutions

3187 (77.2%)
943 (22.8%)

High-volume center
Low-volume center
Breast operation
Breast conservation 3038 (73.6%)
Mastectomy 1092 (26.4%)
Axilla operation
2351 (56.9%)

1779 (43.1%)

Sentinel lymph node biopsy or omitted
Axillary lymph node dissection

T stage *
T1 2258 (54.7%)
T2 1601 (38.8%)
T3-4 265 (6.4%)
Unknown 6 (0.1%)

N stage®
NO 2565 (62.1%)
N1 1064 (25.8%)
N2 295 (7.1%)
N3 195 (4.7%)
Unknown 11 (0.3%)

Histologic grade
I-1I 2389 (57.8%)
I 1457 (35.3%)
Unknown 284 (6.9%)

Lymphovascular invasion

Present 1290 (31.2%)
Absent 2688 (65.1%)
Unknown 152 (3.7%)

Hormone receptor status

Positive 3109 (75.3%)

Negative 1017 (24.6%)

Unknown 4(0.1%)
HER?2 receptor status

Positive 890 (20.8%)

Negative 3247 (78.6%)

Unknown 23 (0.6%)
Ki-67 index °

High 1489 (36.1%)

Low 2349 (56.9%)

Unknown 292 (7.1%)
Neoadjuvant chemotherapy

Administered 327 (7.9%)

Not administered 3626 (87.8%)

Unknown 177 (4.3%)
Adjuvant chemotherapy

Administered 2929 (70.9%)

Table 1 (continued)

All patients
(n =4130)
Not administered 1182 (28.6%)
Unknown 19 (0.5%)
Adjuvant radiotherapy
Administered 3283 (79.5%)
Not administered 824 (20.0%)
Unknown 23 (0.6%)

Adjuvant hormonal treatment
3075 (74.5%)
1039 (25.2%)

Administered
Not administered

Unknown 16 (0.4%)
HER?2-targeted treatment

Administered 619 (15.0%)

Not administered 3406 (82.5%)

Unknown 105 (2.5%)
Locoregional recurrence

Present 175 (4.2%)

Absent 3955 (95.8%)
Distant metastasis

Absent 3829 (92.7%)

Bone 69 (1.7%)

Visceral single organ 133 (3.2%)

Multiple organs 99 (2.4%)
Intensity of imaging modalities (per year)

Bone scan 0.7 (0.4-1.0)

Chest CT 0.4 (0.1-0.7)

Abdomen sonography 0.0 (0.0-0.5)

Abdomen CT 0.0 (0.0-0.1)

Number of patients (%) or median (IQR)

Data on patients who underwent breast cancer surgery between Janu-
ary 2010 and December 2011 from the 11 hospitals in South Korea
were retrospectively reviewed

BMI body mass index, HER2 human epidermal growth factor recep-
tor-2, CT computed tomography

Stratified according to the American Joint Committee on Cancer
(AJCC) eighth TNM anatomic stage

bStratified according to each institution’s criteria

0.51-1.00) exams per year for the High-IS group and the
Low-IS group, respectively. As shown in Fig. 2a, the High-
IS group showed significantly worse BCSS compared
with that of the Low-IS group [p < 0.001, hazard ratio
(HR), 3.13; 95% CI 2.32-4.21]. Since more patients with
advanced stages underwent frequent imaging studies, we
stratified the patients by their tumor stage and observed
consistent results (Fig. 2b—d, Table 2). Moreover, the sta-
tistically significant association between the surveillance
intensity and survival was shown after stratification by
patient’s age, hormonal receptor status, or HER2 overex-
pression status (Fig. 3a—f).
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FIG.1 Kaplan-Meier curves showing distant metastasis-free sur-
vival among patients who developed distant metastasis. Patients who
experienced distant metastasis after breast cancer surgery at the 11
hospitals in South Korea were retrospectively analyzed. The Kaplan—
Meier curves show DMEFS for 301 patients who eventually developed

Multivariable Cox proportional hazards regression
model of all patients showed that the screening intensity
was not associated with BCSS after adjusting for rel-
evant variables (p = 0.263, HR 1.27; 95% CI 0.84-1.93,
Table 2). Moreover, the observed difference in the BCSS
can be the result of uneven distribution of well-known
risk factors between the two groups, since features associ-
ated with worse outcomes, such as younger age, advanced
stages, or high histologic grade, were associated with the
High-IS group (Table 3). Notably, the High-IS group was
also significantly associated with high-volume institutions,
molecular subtypes, and the use of systemic therapies.
Thus, to adjust for these confounding effects, we per-
formed a 1:1 propensity score matching analysis. Among
the 4130 patients, a total of 1698 patients were included
in the propensity score matching analysis with well-bal-
anced variables (Table 3). In this analysis, we observed
that the intensity of surveillance tests for metastasis was
not related to significant survival differences (Fig. 4).
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804 - = 0 Intensive (n=66)
o\o_ 60 Median: 29.7 vs. 51.9 mo.
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20
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d |
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o 401 95%Cl, 0.99 - 3.23
Log-rank p=0.051
20
0 — T
0 24 48 72 96 120
. Months after surgery
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distant metastasis (a) and patients with bone (b), lung (c), and liver
metastasis (d). p values were calculated by using the log-rank test,
and the hazard ratio was calculated with univariate Cox-regression
analysis. DMF'S distant metastasis-free survival, CI confidence inter-
val

DISCUSSION

The present retrospective analysis of the 4130 breast can-
cer patients from 11 teaching hospitals in Korea shows the
frequent use of imaging studies in breast cancer patients in
real-world practice. Additionally, our data demonstrate that
the use of intensive surveillance for breast cancer patients
was not associated with an improved survival outcome
despite the use of currently available therapeutic modalities.

Current guidelines that recommend against the use of
routine imaging tests to detect distant metastasis in asymp-
tomatic patients with breast cancer stemmed from the results
of two randomized trials reported in 1994.° The Interdis-
ciplinary Group for Cancer Care Evaluation (GIVIO) rand-
omized 1320 patients with breast cancer into the intensive
surveillance group and the control group.® The intensive
surveillance group routinely conducted bone scan, liver
sonography, chest x-ray, and laboratory tests, while the
control group only conducted clinically indicated tests.
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FIG. 2 Kaplan—Meier curves showing breast cancer-specific sur-
vival. Data on patients who underwent breast cancer surgery between
January 2010 and December 2011 at the 11 hospitals in South Korea
were retrospectively analyzed. The Kaplan—-Meier curves show
BCCS for all patients (a) and patients with each anatomic stage (b—d)

With a median follow-up of 71.0 months, they reported
that intensive surveillance had no significant impact on
survival outcomes and quality of life. Del Turco et al. also
randomized 1243 patients and showed that intensive surveil-
lance was significantly associated with earlier detection of
distant metastasis, while the overall survival was compa-
rable between the two groups.” Additionally, Kokko et al.
prospectively randomized 472 patients who underwent
surgery between 1991 and 1995, and reported that inten-
sive surveillance tests were not associated with improved
disease-free or overall survival but did increase surveillance
costs by 2.2 times.'” However, it is important to note that
these trials were conducted before the era of recent advance-
ments in therapeutic regimens and highly sensitive imaging
modalities.?’

Jung et al. have shown that, among various postoperative
imaging studies, only mammography showed prognostic
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according to the intensity of surveillance. p values were calculated
by using the log-rank test, and the hazard ratio was calculated with
univariate Cox-regression analysis. BCCS breast cancer-specific sur-
vival, Low-1IS low-intensity surveillance, High-IS high-intensity sur-
veillance, CI confidence interval

implication based on the insurance reimbursement data for
patients who were treated between 2002 and 2010.%! How-
ever, the limitation of this study was that the intrinsic nature
of the insurance reimbursement data prohibited the investi-
gators from collecting detailed data on the demographic and
clinicopathologic features and the recurrence data. Further-
more, we have previously shown the lack of survival differ-
ences according to the intensity of metastasis surveillance
before developing distant metastasis in 398 patients who
were treated between 2000 and 2015 in a single institution.??
In the present study, we demonstrate that the use of fre-
quent imaging tests to screen distant metastasis in patients
with breast cancer was not related to improved BCSS based
on a multi-institution dataset consisting of detailed clinico-
pathologic information and long-term follow-up. Our find-
ings are particularly noteworthy that the patients included in
the present study were treated with contemporary standard
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TABLE 2 Univariate and
multivariable analyses for breast
cancer-specific survival

Characteristics Univariate analysis Multivariable analysis
HR [95% CT1] p value HR [95% CT] p value

Surveillance intensity
Low-intensity Ref. < 0.001 Ref. 0.263
High-intensity 3.13[2.32-4.21] 1.27 [0.84-1.93]

Institution volume
High volume Ref. 0.293 - -
Low volume 1.17 [0.88-1.56]

Age at operation (years)
<40 Ref. 0.022 Ref. 0.608
>40 0.68 [0.49-0.95] 0.90 [0.60-1.36]

BMI (kg/m?)
<25 Ref. 0.050 Ref. 0.095
>25 1.33 [1.00-1.76] 1.33 [0.95-1.86]

Anatomic stage °
I Ref. < 0.001 Ref. < 0.001
I 3.54[2.37-5.31] 2.50[1.39-4.51]
I 10.22 [6.79-15.38] 3.86 [1.98-7.50]

Histologic grade
I-I1 Ref. < 0.001 Ref. 0.002
11 2.91[2.21-3.84] 1.81[1.24-2.63]

Lymphovascular invasion
Present Ref. < 0.001 Ref. < 0.001
Absent 0.37 [0.29-0.49] 0.46 [0.33-0.65]

Hormone receptor status
Positive Ref. < 0.001 Ref. 0.004
Negative 2.60 [2.01-3.35] 1.73 [1.19-2.52]

HER? receptor status
Positive Ref. 0.024 Ref. 0.026
Negative 0.72 [0.54-0.96] 0.45[0.23-0.91]

Ki-67 index ©
Low Ref. < 0.001 Ref. 0.228
High 1.83 [1.40-2.39] 1.24 [0.87-1.77]

Neoadjuvant chemotherapy
Administered Ref. < 0.001 Ref. < 0.001
Not administered 0.17 [0.13-0.23] 0.33[0.21-0.53]

Adjuvant chemotherapy
Administered Ref. 0.035 Ref. 0.306
Not administered 0.72 [0.53-0.98] 1.25[0.82-1.91]

Adjuvant radiotherapy
Administered Ref. < 0.001 Ref. < 0.001
Not administered 1.62[1.22-2.15] 2.10[1.48-2.98]

HER?2-targeted treatment
Administered Ref. 0.054 Ref. 0.009
Not administered 0.73 [0.53-1.01] 2.72[1.28-5.79]

Locoregional recurrence
Absent Ref. < 0.001 Ref. < 0.001
Present 9.59 [7.20-12.78] 6.26 [4.36-8.99]

HR hazard ratio, CI confidence interval, Ref reference, BMI body mass index, HER2 human epidermal

growth factor receptor 2

Data on patients who underwent breast cancer surgery between January 2010 and December 2011 from the
eleven hospitals in South Korea were retrospectively reviewed

#Variables with a p value < 0.10 in the univariate analysis were excluded in the multivariable analysis

bStratified according to the American Joint Committee on Cancer (AJCC) eighth TNM anatomic stage

“Stratified according to each institution’s criteria
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FIG. 3 Kaplan—Meier curves showing breast cancer-specific sur-
vival according to age and tumor subtypes. Data on patients who
underwent breast cancer surgery between January 2010 and Decem-
ber 2011 at the 11 hospitals in South Korea were retrospectively
analyzed. The Kaplan—-Meier curves show BCSS after stratification
according to age at the surgery (a-b), hormone receptor (c—d), and
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HER?2 receptor (e—f). p values were calculated by using the log-rank
test, and the hazard ratio was calculated with univariate Cox-regres-
sion analysis. BCCS breast cancer-specific survival, Low-IS low-
intensity surveillance, High-IS high-intensity surveillance, CI confi-
dence interval, HER2 human epidermal growth factor receptor type 2
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TABLE 3 Clinicopathological

o Before PSM After PSM
characteristics between the
two groups before and after Low-IS High-IS pvalue Low-IS High-IS p value
propensity score matching (n =2065) (n =2065) (n =849) (n = 849)
Age at operation (years)
<40 232 (11.2%) 307 (14.9%) 0.001 76 (9.0%) 76 (9.0%) 1.000
> 40 1833 (88.8%) 1758 (85.1%) 773 (91.0%) 773 (91.0%)
Institution volume
High volume 1758 (85.1%) 1429 (69.2%) < 0.001 717 (84.5%) 717 (84.5%) 1.000
Low volume 307 (14.9%) 636 (30.8%) 132 (15.5%) 132 (15.5%)
Anatomic stage *
1 1053 (51.0%) 677 (32.8%) < 0.001 334(39.3%) 334(39.3%) 1.000
1I 827 (40.0%) 963 (46.6%) 427 (50.3%) 427 (50.3%)
I 177 (8.6%) 417 (20.2%) 88 (10.4%) 88 (10.4%)
Unknown 8 (0.4%) 8 (0.4%) - -
Histologic grade
I-1I 1365 (66.1%) 1024 (49.6%) < 0.001 525 (61.8%) 525(61.8%) 1.000
I 604 (29.2%) 853 (41.3%) 324 (38.2%) 324 (38.2%)
Unknown 96 (4.6%) 188 (9.1%) - -
Lymphovascular invasion
Present 590 (28.6%) 700 (33.9%) < 0.001 277 (32.6%) 277 (32.6%) 1.000
Absent 1427 (69.1%) 1261 (61.1%) 572 (67.4%) 572 (67.4%)
Unknown 48 (2.3%) 104 (5.0%) - -
Molecular subtype
HR+/HER2- 1407 (68.1%) 1204 (58.3%) < 0.001 580 (68.3%) 580 (68.3%) 1.000
HR+/HER2+ 202 (9.8%) 281 (13.6%) 78 (9.2%) 78 (9.2%)
HR-/HER2+ 149 (7.2%) 227 (11.0%) 51 (6.0%) 51 (6.0%)
HR-/HER2- 298 (14.4%) 338 (16.4%) 140 (16.5%) 140 (16.5%)
Unknown 9 (0.4%) 15 (0.7%) - -
Ki-67 index °
High 797 (38.6%) 692 (33.5%) 0.030 316(37.2%) 316(37.2%) 1.000
Low 1173 (56.8%) 1176 (56.9%) 533 (62.8%) 533 (62.8%)
Unknown 95 (4.6%) 197 (9.5%) - -
Adjuvant or neoadjuvant chemotherapy
Administered 1322 (64.0%) 1740 (84.3%) < 0.001 683 (80.4%) 683 (80.4%) 1.000
Not administered 577 27.9%) 296 (14.3%) 166 (19.6%) 166 (19.6%)
Unknown 166 (8.0%) 29 (1.4%) - -
Adjuvant radiotherapy
Administered 1679 (81.3%) 1604 (77.7%) < 0.001 722 (85.0%) 722 (85.0%) 1.000
Not administered 364 (17.6%) 460 (22.3%) 127 (15.0%) 127 (15.0%)
Unknown 22 (1.1%) 1 (0.0%) - -
Adjuvant hormonal treatment
Administered 1588 (76.9%) 1487 (72.0%) < 0.001 656 (77.3%) 656 (77.3%) 1.000
Not administered 462 (22.4%) 577 (27.9%) 193 (22.7%) 193 (22.7%)
Unknown 15 (0.7%) 1 (0.0%) - -
HER2-targeted treatment
Administered 233 (11.3%) 386 (18.7%) < 0.001 105(12.4%) 105 (12.4%) 1.000
Not administered 1735 (84.0%) 1671 (80.9%) 744 (87.6%) 744 (87.6%)
Unknown 97 (4.7%) 8 (0.4%) - -
Locoregional recurrence
Present 40 (1.9%) 135 (6.5%) <0.001 4(0.5%) 4 (0.5%) 1.000

Absent 2025 (98.1%) 1930 (93.5%) 845 (99.5%) 845 (99.5%)
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Table 3 (continued)

Before PSM After PSM
Low-IS High-IS pvalue Low-IS High-IS p value
(n =2065) (n=2065) (n=2849) (n=849)
Distant metastasis

Absent 1989 (96.3%) 1840 (89.1%) < 0.001 832 (98.0%) 832(98.0%) 1.000

Bone metastasis 12 (0.6%) 57 (2.8%) 4 (0.5%) 4 (0.5%)

Visceral single organ 27 (1.3%) 106 (5.1%) 4 (0.5%) 4 (0.5%)

Multiple organs 37 (1.8%) 62 (3.0%) 9 (1.1%) 9(1.1%)

Number of patients (%)

Data on patients who underwent breast cancer surgery between January 2010 and December 2011 from the
11 hospitals in South Korea were retrospectively reviewed

High-1S high-intensity surveillance, Low-IS low-intensity surveillance, PSM propensity score matching,
HR hormone receptor, HER2 human epidermal growth factor receptor-2

AStratified according to the American Joint Committee on Cancer (AJCC) eighth TNM anatomic stage

bStratified according to each institution’s criteria

treatment that was unavailable during the pivotal trials con-
ducted decades ago.

Our data also show that, despite the current guidelines,
many physicians prescribe various imaging tests to detect
distant metastasis in patients with breast cancer after their
initial treatment for real-world clinical practice. This prac-
tice, which may vary among regions or institutions, can
reflect the common belief that earlier detection of distant
metastasis might improve the survival outcomes of breast

cancer patients.'%122*25 Another reason for performing var-
ious imaging tests for metastasis surveillance is to provide
reassurance for disease-free breast cancer patients.?®?’ How-
ever, it is worthwhile to note that an intensive surveillance
approach may also cause harms to the patients. Patients
often experience anxiety and fear during their follow-up
exams, and intensive surveillance programs result in an
increased financial burden to the healthcare system.!'®?+28:2
Most importantly, earlier detection of distant metastasis by
intensive use of imaging studies can increase the duration
of palliative treatment without meaningful survival gain, an

100+—— effect known as the lead-time bias.?>*%3! Interestingly, our
data demonstrate that the use of intensive metastasis surveil-
80 After 1+1 propensity score matching lance resulted.m mgmﬁcant?y earlier dete?ctlon of lung and
bone metastasis but not of liver metastasis. Lung and bone

2 — Low-IS (n=849) .. . . .
s o1 High-IS (n=849) metastasis in breast cancer are associated with more indo-
] lent clinical progression compared to the liver metastasis
M 40+ that shows poor post-metastasis survival similar to the brain
or multiple organ metastasis.*> These findings indicate that
20+ Log-rank p=0.445 patients who develop lung or bone metastasis can experience
Hazard ratio, 1.33; 95%Cl, 0.64-2.79 a significantly longer duration of the lead-time bias effect

0 e e L R when they undergo intensive surveillance.
0 24 48 72 96 120 . . . .

Moreover, early detection with higher sensitivity exams
No. at risk Months after surgery may enable accurate and timely treatment as numerous
— 849 830 812 696 569 219 ongoing trials investigating adjuvant therapeutics have
""" 849 833 820 74 639 304 shown promising results.'*~'33-35 Thus, in an era of novel

FIG. 4 Kaplan—Meier curves showing breast cancer-specific survival
after 1:1 propensity score matching. We performed 1:1 propensity
score matching analysis to adjust for confounding effects of clinico-
pathologic variables of original cohort. A total of 1698 patients were
yielded and there was no significant difference in BCSS according
to the intensity of surveillance. p value was calculated by using the
log-rank test, and the hazard ratio was calculated with univariate
Cox-regression analysis. BCCS breast cancer-specific survival, Low-
IS low-intensity surveillance, High-1S high-intensity surveillance, CI
confidence interval

imaging modalities and treatment regimens, continuous
investigations will be necessary to establish concrete evi-
dence on whether intensive surveillance leads to prolonged
survival or merely contributes to prolonged lead-time bias
without providing any survival benefits.

The current study has several limitations. First, the nature
of the retrospective study carries an inherent selection bias.
As observed in our results, patients with more aggressive
tumor features tended to undergo intensive screening exams.
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A large-scale randomized-controlled study is currently being
conducted in Japan to determine the impact of intensive fol-
low-up on survival outcomes, and we expect that the results
of this study would provide a more definitive answer to this
issue.*® Another limitation of this retrospective study was
that we were not able to collect accurate information on
metastasis-related symptoms. Symptomatic patients with
more advanced stage of metastasis may have conducted
intensive surveillance before diagnosis. Moreover, we could
not determine whether the cause of death was directly owing
to breast cancer or to complications from treatment, such as
sepsis caused by an infection during chemotherapy. How-
ever, given the relatively low incidence of deaths from treat-
ment complications in patients with breast cancer, it might
have a minimal impact on our results.”” Second, we did not
review in detail whether the imaging tests were conducted
for screening of breast cancer metastasis or for other medi-
cal purposes. However, it is important to note that imaging
tests performed for other medical diseases can also identify
breast cancer metastasis. Thus, including all tests conducted
for various diseases during the disease-free period would
be appropriate for the purpose of our study. Third, as we
excluded male patients with breast cancer from the study,
our results may not fully represent the real-world data.
Finally, although our dataset represents a relatively recent
cohort for whom most of the contemporary adjuvant treat-
ment options are provided, there are some novel therapeutic
options that were not available, such as CDK4/6 inhibitors or
pertuzumab.'®3? The implication of these recently developed
therapeutic options in breast cancer with distant metastasis
should be further explored in the future.

CONCLUSIONS

In this multi-institutional retrospective study involving
4130 breast cancer patients who were treated between 2010
and 2011, the use of frequent imaging studies to detect distant
metastasis resulted in earlier detection of distant metastasis,
especially for lung and bone metastasis. However, intensive
surveillance was not associated with prolonged BCSS.

SUPPLEMENTARY INFORMATION The online version con-
tains supplementary material available at https://doi.org/10.1245/
$10434-024-15665-3.

FUNDING Open Access funding enabled and organized by Seoul
National University. 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: HI19C0481, HC21C0031).

DATA AVAILABILITY Jong-Ho Cheun had full access to all the
data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis.

DISCLOSURE The authors declare that they have no competing
interests.

ETHICAL APPROVAL The study was performed in accordance
with the Declaration of Helsinki or comparable ethical standards.
Approval was granted by the ethics committee or institutional review
board at the participating sites.

INFORMED CONSENT The requirement for informed consent was
waived for all patients.

CONSENT TO PUBLISH All authors have read the paper and con-
sent to its publication.

OPEN ACCESS This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, 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://creativecommons.org/licenses/by/4.0/.

REFERENCES

1. Choi JE, Kim Z, Park CS, et al. Breast cancer statistics in Korea,
2019. J Breast Cancer. 2023;26(3):207. https://doi.org/10.4048/
jbc.2023.26.e27.

2. Kang MJ, Won Y-J, Lee JJ, et al. Cancer statistics in Korea:
incidence, mortality, survival, and prevalence in 2019. Cancer
Res Treat. 2022;54(2):330—44. https://doi.org/10.4143/crt.2022.
128.

3. Allemani C, Matsuda T, Di Carlo V, et al. Global surveillance
of trends in cancer survival 2000—14 (CONCORD-3): analysis
of individual records for 37 513 025 patients diagnosed with
one of 18 cancers from 322 population-based registries in 71
countries. Lancet. 2018;391(10125):1023-75. https://doi.org/10.
1016/S0140-6736(17)33326-3.

4. Kim H, Lee SB, Kim J, et al. Improvement of survival in Korean
breast cancer patients over a 14-year period: a large-scale single-
center study. PLoS ONE. 2022;17(3):e0265533. https://doi.org/
10.1371/journal.pone.0265533.

5. Giaquinto AN, Sung H, Miller KD, et al. Breast cancer statistics,
2022. CA Cancer J Clin. 2022;72(6):524-41. https://doi.org/10.
3322/caac.21754.

6. Cardoso F, Kyriakides S, Ohno S, et al. Early breast cancer:
ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol. 2019;30(10):1674. https://doi.org/10.
1093/annonc/mdz189.

7. National Comprehensive Cancer Network. Breast Cancer (Ver-
sion 4.2023). Published 2023. Accessed August 19, 2023.
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/ https://
www.nccn.org/professionals/physician_gls/pdf/breast.pdf

8. Ghezzi P, Magnanini S, Rinaldini M, et al. Impact of follow-up
testing on survival and health-related quality of life in breast
cancer patients. JAMA. 1994;271(20):1587. https://doi.org/10.
1001/jama.1994.03510440047031.


https://doi.org/10.1245/s10434-024-15665-3
https://doi.org/10.1245/s10434-024-15665-3
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4048/jbc.2023.26.e27
https://doi.org/10.4048/jbc.2023.26.e27
https://doi.org/10.4143/crt.2022.128
https://doi.org/10.4143/crt.2022.128
https://doi.org/10.1016/S0140-6736(17)33326-3
https://doi.org/10.1016/S0140-6736(17)33326-3
https://doi.org/10.1371/journal.pone.0265533
https://doi.org/10.1371/journal.pone.0265533
https://doi.org/10.3322/caac.21754
https://doi.org/10.3322/caac.21754
https://doi.org/10.1093/annonc/mdz189
https://doi.org/10.1093/annonc/mdz189
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://doi.org/10.1001/jama.1994.03510440047031
https://doi.org/10.1001/jama.1994.03510440047031

Surveillance for Distant Metastasis ...

6785

9.

10.

11.

12.

13

14.

15.

16.

17.

19.

20.

21.

22.

23.

Rosselli Del Turco M, Palli D, Cariddi A, Ciatto S, Pacini P,
Distante V. Intensive diagnostic follow-up after treatment of
primary breast cancer. A randomized trial. National Research
Council Project on Breast Cancer follow-up. JAMA J Am Med
Assoc. 1994;271(20):1593-7. https://doi.org/10.1001/jama.271.
20.1593.

Kim KS, Kim Z, Shim E-J, et al. The reality in the follow-up of
breast cancer survivors: survey of Korean Breast Cancer Society.
Ann Surg Treat Res. 2015;88(3):133. https://doi.org/10.4174/astr.
2015.88.3.133.

La Rocca E, De Santis MC, Silvestri M, et al. Early stage
breast cancer follow-up in real-world clinical practice: the
added value of cell free circulating tumor DNA. J Cancer Res
Clin Oncol. 2022;148(6):1543-50. https://doi.org/10.1007/
s00432-022-03990-7.

Mpyller S, Jukkola A, Jdidskeldinen A, Roininen N, Karihtala P.
How breast cancer recurrences are found — a real-world, pro-
spective cohort study. Acta Oncol (Madr). 2022;61(4):417-24.
https://doi.org/10.1080/0284186X.2021.2023756.

. Dombernowsky P, Smith I, Falkson G, et al. Letrozole, a new

oral aromatase inhibitor for advanced breast cancer: double-blind
randomized trial showing a dose effect and improved efficacy
and tolerability compared with megestrol acetate. J Clin Oncol.
1998;16(2):453-61. https://doi.org/10.1200/JC0O.1998.16.2.453.
Milla-Santos A, Milla L, Portella J, et al. Anastrozole versus
tamoxifen as first-line therapy in postmenopausal patients with
hormone-dependent advanced breast cancer. Am J Clin Oncol.
2003;26(3):317-22. https://doi.org/10.1097/01.COC.00000
47126.10522.F9.

Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemo-
therapy plus a monoclonal antibody against HER2 for meta-
static breast cancer that overexpresses HER2. N Engl J Med.
2001;344(11):783-92. https://doi.org/10.1056/NEJM200103
153441101.

Sledge GW, Toi M, Neven P, et al. The effect of abemaciclib
plus fulvestrant on overall survival in hormone receptor—posi-
tive, ERBB2-negative breast cancer that progressed on endocrine
therapy—MONARCH 2. JAMA Oncol. 2020;6(1):116. https://
doi.org/10.1001/jamaoncol.2019.4782.

Giuliano AE, Edge SB, Hortobagyi GN. Eighth edition of the
AJCC Cancer Staging Manual: breast cancer. Ann Surg Oncol.
2018;25(7):1783-5. https://doi.org/10.1245/s10434-018-6486-6.

. World Medical Association. World Medical Association Declara-

tion of Helsinki: ethical principles for medical research involving
human subjects. JAMA. 2013;310(20):2191. https://doi.org/10.
1001/jama.2013.281053.

Kokko R, Hakama M, Holli K. Follow-up cost of breast can-
cer patients with localized disease after primary treatment: a
randomized trial. Breast Cancer Res Treat. 2005;93(3):255-60.
https://doi.org/10.1007/s10549-005-5199-2.

Pesapane F, Downey K, Rotili A, Cassano E, Koh D-M. Imag-
ing diagnosis of metastatic breast cancer. Insights Imaging.
2020;11(1):79. https://doi.org/10.1186/s13244-020-00885-4.
Jung S, Kim YA, Lee D, et al. Clinical impact of follow-up imag-
ing on mortality in Korean breast cancer patients: a national
cohort study. Cancer Med. 2021;10(18):6480-91. https://doi.org/
10.1002/cam4.3873.

Cheun J-H, Jung J, Lee E-S, et al. Intensity of metastasis screen-
ing and survival outcomes in patients with breast cancer. Sci Rep.
2021;11(1):2851. https://doi.org/10.1038/s41598-021-82485-w.
Grunfeld E, Hodgson DC, Del Giudice ME, Moineddin R.
Population-based longitudinal study of follow-up care for breast
cancer survivors. J Oncol Pract. 2010;6(4):174-81. https://doi.
org/10.1200/JOP.200009.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Parmar AD, Sheffield KM, Vargas GM, Han Y, Chao C, Riall
TS. Quality of post-treatment surveillance of early stage breast
cancer in Texas. Surgery. 2013;154(2):214-25. https://doi.org/
10.1016/j.surg.2013.04.004.

van Hezewijk M, Hille ETM, Scholten AN, Marijnen CAM,
Stiggelbout AM, van de Velde CJH. Professionals’ opinion on
follow-up in breast cancer patients; perceived purpose and influ-
ence of patients’ risk factors. Eur J Surg Oncol. 2011;37(3):217—-
24. https://doi.org/10.1016/j.ejs0.2011.01.001.

Beaver K, Luker KA. Follow-up in breast cancer clinics: reassur-
ing for patients rather than detecting recurrence. Psychooncol-
ogy. 2005;14(2):94-101. https://doi.org/10.1002/pon.824.
Sisler J, Chaput G, Sussman J, Ozokwelu E. Follow-up after
treatment for breast cancer: practical guide to survivorship care
for family physicians. Can Fam Physician. 2016;62(10):805-11.
McGinty HL, Small BJ, Laronga C, Jacobsen PB. Predictors and
patterns of fear of cancer recurrence in breast cancer survivors.
Health Psychol. 2016;35(1):1-9. https://doi.org/10.1037/hea00
00238.

Stark D, Kiely M, Smith A, Morley S, Selby P, House A.
Reassurance and the anxious cancer patient. Br J Cancer.
2004;91(5):893-9. https://doi.org/10.1038/sj.bjc.6602077.
Caswell-Jin JL, Plevritis SK, Tian L, et al. Change in survival in
metastatic breast cancer with treatment advances: meta-analysis
and systematic review. JNCI Cancer Spectr. 2018;2(4):pky062.
https://doi.org/10.1093/jncics/pky062.

Rocque G, Blayney DW, Jahanzeb M, et al. Choosing wisely in
oncology: Are we ready for value-based care? J Oncol Pract.
2017;13(11):935-43. https://doi.org/10.1200/JOP.2016.019281.
Lee ES, Jung SY, Kim JY, et al. Identifying the potential long-
term survivors among breast cancer patients with distant metas-
tasis. Ann Oncol Off J Eur Soc Med Oncol. 2016;27(5):828-33.
https://doi.org/10.1093/annonc/mdw036.

Swain SM, Miles D, Kim S-B, et al. Pertuzumab, trastuzumab,
and docetaxel for HER2-positive metastatic breast cancer
(CLEOPATRA): end-of-study results from a double-blind,
randomised, placebo-controlled, phase 3 study. Lancet Oncol.
2020;21(4):519-30. https://doi.org/10.1016/S1470-2045(19)
30863-0.

Diéras V, Miles D, Verma S, et al. Trastuzumab emtansine versus
capecitabine plus lapatinib in patients with previously treated
HER2-positive advanced breast cancer (EMILIA): a descriptive
analysis of final overall survival results from a randomised, open-
label, phase 3 trial. Lancet Oncol. 2017;18(6):732-42. https://
doi.org/10.1016/S1470-2045(17)30312-1.

Curigliano G, Mueller V, Borges V, et al. Tucatinib versus pla-
cebo added to trastuzumab and capecitabine for patients with
pretreated HER2+ metastatic breast cancer with and without
brain metastases (HER2CLIMB): final overall survival analysis.
Ann Oncol Off J Eur Soc Med Oncol. 2022;33(3):321-9. https://
doi.org/10.1016/j.annonc.2021.12.005.

Hojo T, Masuda N, Mizutani T, et al. Intensive vs. standard
post-operative surveillance in high-risk breast cancer patients
(INSPIRE): Japan Clinical Oncology Group Study JCOG1204.
Jpn J Clin Oncol. 2015;45(10):983-6. https://doi.org/10.1093/
jjco/hyv110.

Afifi AM, Saad AM, Al-Husseini MJ, Elmehrath AO, Northfelt
DW, Sonbol MB. Causes of death after breast cancer diagnosis:
a US population-based analysis. Cancer. 2020;126(7):1559-67.
https://doi.org/10.1002/cncr.32648.

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


https://doi.org/10.1001/jama.271.20.1593
https://doi.org/10.1001/jama.271.20.1593
https://doi.org/10.4174/astr.2015.88.3.133
https://doi.org/10.4174/astr.2015.88.3.133
https://doi.org/10.1007/s00432-022-03990-7
https://doi.org/10.1007/s00432-022-03990-7
https://doi.org/10.1080/0284186X.2021.2023756
https://doi.org/10.1200/JCO.1998.16.2.453
https://doi.org/10.1097/01.COC.0000047126.10522.F9
https://doi.org/10.1097/01.COC.0000047126.10522.F9
https://doi.org/10.1056/NEJM200103153441101
https://doi.org/10.1056/NEJM200103153441101
https://doi.org/10.1001/jamaoncol.2019.4782
https://doi.org/10.1001/jamaoncol.2019.4782
https://doi.org/10.1245/s10434-018-6486-6
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1007/s10549-005-5199-2
https://doi.org/10.1186/s13244-020-00885-4
https://doi.org/10.1002/cam4.3873
https://doi.org/10.1002/cam4.3873
https://doi.org/10.1038/s41598-021-82485-w
https://doi.org/10.1200/JOP.200009
https://doi.org/10.1200/JOP.200009
https://doi.org/10.1016/j.surg.2013.04.004
https://doi.org/10.1016/j.surg.2013.04.004
https://doi.org/10.1016/j.ejso.2011.01.001
https://doi.org/10.1002/pon.824
https://doi.org/10.1037/hea0000238
https://doi.org/10.1037/hea0000238
https://doi.org/10.1038/sj.bjc.6602077
https://doi.org/10.1093/jncics/pky062
https://doi.org/10.1200/JOP.2016.019281
https://doi.org/10.1093/annonc/mdw036
https://doi.org/10.1016/S1470-2045(19)30863-0
https://doi.org/10.1016/S1470-2045(19)30863-0
https://doi.org/10.1016/S1470-2045(17)30312-1
https://doi.org/10.1016/S1470-2045(17)30312-1
https://doi.org/10.1016/j.annonc.2021.12.005
https://doi.org/10.1016/j.annonc.2021.12.005
https://doi.org/10.1093/jjco/hyv110
https://doi.org/10.1093/jjco/hyv110
https://doi.org/10.1002/cncr.32648

	Surveillance for Distant Metastasis in Breast Cancer Patients Who Underwent Contemporary Management: A Report from the Korean Breast Cancer Society Survivor Research Group
	Abstract 
	Background. 
	Patients and Methods. 
	Results. 
	Conclusions. 

	Patients and Methods
	Patients
	Intensity of Surveillance Exams
	Definition of Recurrence and Survival Period
	Statistics

	Results
	Patients
	Surveillance Intensity and DMFS
	Surveillance Intensity and BCSS

	Discussion
	Conclusions
	References




