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Abstract

Purpose The prognostic role of primary tumor surgery in
women with metastatic breast cancer at diagnosis is con-
tentious. A subset of patients who will benefit from
aggressive local treatment is needed to be identified. Using
a nationwide database, we developed and validated a pre-
dictive model to identify long-term survivors among
patients who had undergone primary tumor surgery.
Methods A total of 150,043 patients were enrolled in the
Korean Breast Cancer Registry between January 1990 and
December 2014. Of these, 2332 (1.6%) presented with
distant metastasis at diagnosis. Using Cox proportional
hazards regression, we developed and validated a model
that predicts survival in patients who undergo primary
tumor surgery, based on the clinicopathological features of
the primary tumor.
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Results A total of 2232 metastatic breast cancer patients
were reviewed. Of these, 1541 (69.0%) patients had
undergone primary tumor surgery. The 3-year survival rate
was 62.6% in this subgroup. Among these patients,
advanced T-stage, high-grade tumor, lymphovascular
invasion, negative estrogen receptor status, high Ki-67
expression, and abnormal CA 15-3 and alkaline phos-
phatase levels were associated with poor survival. A pre-
diction model was developed based on these factors, which
successfully identified patients with remarkable survival
(score 0-3, 3-year survival rate 87.3%). The clinical sig-
nificance of the model was also validated with an inde-
pendent dataset.

Conclusions We have developed a predictive model to
identify long-term survivors among women who undergo
primary tumor surgery. This model will provide guidance
to patients and physicians when considering surgery as a
treatment modality for metastatic breast cancer.
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Introduction

Surgical treatment of the primary tumor is not usually
recommended for women who present with metastatic
breast cancer at diagnosis because the disease is already
systemic. National cancer guidelines do not encourage
surgical treatment, but only recommend consideration of
surgery for local symptoms control after initial systemic
treatment [1]. However, recent studies of the prognostic
role of primary tumor surgery have suggested that local
therapy may prolong survival [2-11]. The possibility of
selection bias in these retrospective studies is a limitation
that is not easily resolved.

Regardless of the possibility of selection bias, the pos-
itive results of numerous retrospective studies imply that
there is probably a subset of patients who will benefit from
surgery. This subset of patients can expect local treatment
to have a positive effect, including local control, potential
seed source removal, reduced tumor burden, and a possible
immunomodulatory response [12, 13]. In long-term sur-
vivors, primary tumor surgery also has the advantage of
preventing potential local complications of the breast
tumor. However, surgical complications can occur,
threatening a patient’s quality of life and delaying systemic
therapy, the primary therapeutic modality. The possibility
of accelerated metastatic lesion growth after the removal of
the primary tumor is also a concern.

To clarify the role of primary tumor surgery in meta-
static breast cancer, several randomized controlled trials
are ongoing [14—18]. Recently, two of these studies pre-
sented survival analysis results, but with conflicting ones
[15, 17, 19]. In a trial in India, Badwe et al. demonstrated
no survival benefit of primary tumor surgery after systemic
therapy, including in all subgroups [15], whereas in a
Turkish trial, an increase of 9 months in median overall
survival was shown in the surgically treated group [19].
However, the lack of stratification factors resulted in
potential imbalance between the two groups. These con-
flicting results bring along doubt that it is possible to define
the role of surgery in metastatic breast cancer. Moreover,
the heterogeneous biology of breast cancer implies that the
role of local therapy cannot be universally defined, and a
randomized controlled trial is limited in its ability to dis-
tinguish the subset of patients who might benefit from local
therapy. In this regard, we undertook to identify the char-
acteristics of long-term survivors among patients who
underwent primary tumor surgery.

In this study, we compared the clinicopathological fea-
tures and survival outcomes after primary tumor surgery of
patients with metastatic breast cancer at diagnosis, using
the Korean Breast Cancer Registry (KBCR) cohort data.
Our ultimate aim was to develop a model that predicts
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survival in patients who undergo primary tumor surgery, to
identify potential long-term survivors who might benefit
from local treatment.

Methods
Korean Breast Cancer Registry

The KBCR is a prospectively maintained, web-based
database of the Korean Breast Cancer Society [20-22].
Breast surgeons from >100 teaching hospitals throughout
the Republic of Korea voluntarily participated in this pro-
gram. The registry is estimated to include >65% of all
newly diagnosed breast cancer patients in Korea in 2013
[23]. Patients’ sex, age, surgical method, and cancer stage
(based on the American Joint Committee on Cancer clas-
sification) are collected as essential items. Pathological
findings, laboratory, and imaging findings, and treatment
modality are optional factors. Survival data were obtained
from the Korean Central Cancer Registry, Ministry of
Health and Welfare, Korea, and were recently updated on
December 31, 2014. The KBCR does not provide data on
the metastatic sites in stage IV patients.

Study cohort

This study includes all the patients with metastatic breast
cancer at diagnosis enrolled in the KBCR between January
1990 and December 2014. During this period, 150,043
patients were enrolled and 2332 (1.6%) presented with
distant metastasis at diagnosis. Patients with a previous
history of breast cancer, a diagnosis of phyllodes tumor or
sarcoma, or who had undergone the excision of a metastatic
lesion were excluded. After exclusion, 2232 patients were
reviewed for the study. The total study cohort was divided
into three groups according to the type of primary tumor
surgery undertaken: surgery group, non-surgery group, and
partial surgery group. The partial surgery group consisted of
patients who had undergone only breast or only axilla sur-
gery, with no definite surgery of the primary tumor. In the
surgery group, the patients were randomly divided into two
cohorts, in a ratio of 2:1, for the development and validation
of the survival prediction scoring system, respectively.

This study was approved by the Institutional Review
Board (IRB number: KC16RISIO837) and was conducted
in accordance with the Declaration of Helsinki.

Statistical analysis

The characteristics of each group, established according to
the primary tumor surgery, were compared using x* tests
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and ¢ tests. The survival analysis was performed with the
Kaplan—-Meier method and the groups were compared
using the log-rank test. A multivariate analysis was per-
formed using Cox proportional hazards ratio model to
estimate the adjusted hazards ratio for each factor. The
primary endpoint was overall survival, defined as the time
from the first diagnosis of breast cancer to death from any
cause, which was censored at December 31, 2014. All
analyses were performed with SPSS (version 24.0; SPSS,
Inc., Chicago, IL). Statistical significance was assumed at
p < 0.05.

Results
Patient characteristics

A total of 2232 patients with metastatic breast cancer were
reviewed. Among them, 1541 (69.0%) patients had
undergone primary tumor surgery (surgery group), 588
(26.3%) patients had not undergone any surgery (non-sur-
gery group), and 103 (4.6%) patients had undergone only
breast or only axilla surgery (partial surgery group). A
comparison of the clinicopathological features of each
group is shown in Table 1. Age did not differ between the
three groups. Smaller tumor, less axillary nodal involve-
ment, lower grade, and ductal carcinoma correlated with
primary tumor surgery. Patients with low-Ki-67 tumors
were more likely to undergo surgery, whereas estrogen
receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor-2 (HER?2) status were not
associated with surgery. Patients with clinical factors
suggesting a lower tumor burden, such as asymptomatic
disease, normal tumor marker levels (CEA and CA15-3),
and normal alkaline phosphatase (ALP) levels, were also
more likely to undergo surgery.

Survival by time and receipt of surgery

The 3-year survival rate for the entire cohort was 56.4%,
with a median survival of 44 months. The survival trend
changed significantly over the 24-year period, with a sub-
stantial improvement in overall survival (Fig. la). The
3-year survival rate increased from 38.7% in the 1990s to
50.5% in 2000-2004, 57.3% in 2005-2009, and 70.1% in
patients diagnosed during 2010-2014. This trend was
identified in both the surgery and non-surgery groups
(Fig. 1b, ¢).

When comparing by receipt of surgery, patients who
underwent primary tumor surgery had significantly
improved survival, with a median survival of 53 months,
compared to the non-surgery group (31 months; log-rank
test p < 0.001). However, the survival of patients who did

not undergo definite surgery (partial surgery group, median
survival of 37 months) did not differ from that of the non-
surgery group (log-rank test p = 0.113) (Fig. 2).

Prediction of long-term survivors in the surgery
group

To develop a survival prediction scoring system, the sur-
gery group was randomly divided into discovery and val-
idation cohorts (ratio 2:1). The characteristics of each
cohort are described in Supplementary Material (eTable 1),
and did not differ significantly. A univariate analysis and
multivariate analysis of the discovery cohort were per-
formed to identify the prognostic factors affecting overall
survival (Table 2). Advanced T-stage, high-grade tumor,
lymphovascular invasion, ER negativity, high or unknown
Ki-67 expression, abnormal ALP level, and abnormal or
unknown CA15-3 level were significantly associated with
poor prognosis in the multivariate analysis.

A scoring system was developed based on the hazard
ratios to estimate the likelihood of long-term survival in
patients with metastatic breast cancer who undergo primary
tumor surgery (Fig. 3a). The surgery survival scores ranged
from O to 10, and patients were categorized into four
groups by their scores. Different survival outcomes were
clearly separated by these four groups (p < 0.001)
(Fig. 3b). The 3-year survival rates of the groups were
87.3% (scores 0-3), 68.4% (scores 4-5), 48.2% (scores
6-7), and 35.3% (scores 8—10). The patients with scores of
0-3 showed significantly better 3-year survival compared
to the whole surgery group (p < 0.001).

The scoring system was applied to the validation cohort
to investigate its clinical usefulness. As shown in Fig. 3c,
the scoring system successfully divided patient survival
according to the four groups, showing significantly better
survival in the group with scores of 0-3 (3-year survival
rate, 85.9%).

Discussion

Although practice guidelines do not recommend primary
tumor surgery for patients with metastatic breast cancer,
many retrospective studies have demonstrated improved
survival among patients who undergo surgery
[2-11, 24-27]. This study also presented with similar
results, however with substantial selection bias. The pos-
sibility of selection bias has not been easily resolved by
statistical adjustment methods in previous studies. There-
fore, to clarify this issue, several randomized controlled
trials are in progress [14—18], but the recent conflicting
results of two of these trials [15, 19] have failed to ease this
controversy.
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Table 1 Clinicopathological

features of metastatic breast Surgery Non-surgery Partial surgery p value®
cancer patients according to n= 1541 n =588 n=103
primary tumor surgery Age
Median (range) 49 (24-88) 49 (22-96) 49 (24-84)
Mean (SD) 50.0 (11.32) 51.0 (12.30) 50.7 (13.21)
<30 32 (2.1) 9 (1.5) 2 (1.9) 0.191
30-39 249 (16.2) 93 (15.8) 19 (18.4)
40-49 510 (33.1) 198 (33.7) 31 (30.1)
50-59 436 (28.3) 145 (24.7) 25 (24.3)
60-69 222 (14.4) 92 (15.6) 14 (13.6)
>70 88 (5.7) 51 (8.7) 12 (11.7)
Sex
Female 1531 (99.4) 582 (99.0) 101 (98.1) 0.29
Male 10 (0.6) 6 (1.0) 2 (1.9)
Breast surgery
BCS 248 (16.1) 0 (0.0) 19 (18.4)
Mastectomy 1290 (83.7) 0 (0.0) 69 (67.0)
Unknown 3(0.2) 0 (0.0) 0 (0.0)
None 0 (0.0) 588 (100) 15 (14.6)
Axilla surgery
SLN biopsy 81 (5.3) 0 (0.0) 2 (1.9)
ALND 1460 (94.7) 0 (0.0) 5(4.9)
Unknown 0 (0.0) 0 (0.0) 0 (0.0)
None 0 (0.0) 588 (100) 95 (92.2)
T stage
T1 253 (16.4) 30 (5.1) 16 (15.5) <0.001 (<0.001)
T2 605 (39.3) 89 (15.1) 29 (28.2)
T3 327 (21.2) 75 (12.8) 16 (15.5)
T4 305 (19.8) 214 (36.4) 36 (35.0)
Tx 51 3.3) 180 (30.6) 6 (5.8)
N stage
NO 248 (16.1) 22 (3.7) 25 (24.3) <0.001 (<0.001)
N1 624 (40.5) 118 (20.1) 19 (18.4)
N2 297 (19.3) 75 (12.8) 9 (8.7)
N3 317 (20.6) 140 (23.8) 9 (8.7)
Nx 55 (3.6) 233 (39.6) 41 (39.8)
Histologic subtype
Ductal 967 (62.8) 276 (46.9) 66 (64.1) <0.001 (<0.001)
Lobular 35 (2.3) 10 (1.7) 2 (1.9)
Others 323 (21.0) 15 (2.6) 9 (8.7)
Unknown 216 (14.0) 287 (48.8) 26 (25.2)
Tumor grade
Low (G1, 2) 572 (37.1) 55 (9.4) 27 (26.2) <0.001 (0.511)
High (G3) 521 (33.8) 43 (7.3) 31 (30.1)
Unknown 448 (29.1) 490 (83.3) 45 (43.7)
Lymphovascular invasion
No 296 (19.2) 4 (0.7) 16 (15.5) <0.001 (0.219)
Yes 632 (41.0) 10 (1.7) 19 (18.4)
Unknown 613 (39.8) 574 (97.6) 68 (66.0)
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Table 1 continued

Surgery Non-surgery Partial surgery p value®
n = 1541 n = 588 n =103
Estrogen receptor
Positive 727 (47.2) 169 (28.7) 32 (31.1) <0.001 (0.081)
Negative 528 (34.3) 138 (23.5) 39 (37.9)
Unknown 286 (18.6) 281 (47.8) 32 (31.1)
Progesterone receptor
Positive 537 (34.8) 128 (21.8) 26 (25.2) <0.001 (0.638)
Negative 701 (45.5) 179 (30.4) 42 (40.8)
Unknown 303 (19.7) 281 (47.8) 35 (34.0)
HER2
Negative 635 (41.2) 112 (19.0) 35 (34.0) <0.001 (0.227)
Positive 329 (21.3) 72 (12.2) 13 (12.6)
Unknown 577 (37.4) 404 (68.7) 55 (53.4)
Ki-67
<20 340 (22.1) 10 (1.7) 17 (16.5) <0.001 (0.009)
>20 318 (20.6) 28 (4.8) 19 (18.4)
Unknown 883 (57.3) 550 (93.5) 67 (65.0)
Symptom at diagnosis
Yes 890 (57.8) 325 (55.3) 59 (57.3) <0.001 (<0.001)
No 97 (6.3) 12 (2.0) 1(1.0)
Unknown 554 (36.0) 251 (42.7) 43 (41.7)
Breast mass
Palpable 867 (56.3) 311 (52.9) 49 (47.6) 0.036 (0.134)
Non-palpable 53 (34) 10 (1.7) 4 (3.9
Unknown 621 (40.3) 267 (45.4) 50 (48.5)
Multifocality
Unifocal 829 (53.8) 272 (46.3) 56 (54.4) <0.001 (0.059)
Multifocal 216 (14.0) 66 (11.2) 5(4.9)
Unknown 496 (32.2) 250 (42.5) 42 (40.8)
CEA
Normal 427 (27.7) 60 (10.2) 12 (11.7) <0.001 (<0.001)
Abnormal 105 (6.8) 51 (8.7) 10 (9.7)
Unknown 1009 (65.5) 477 (81.1) 81 (78.6)
CA15-3
Normal 539 (35.0) 120 (20.4) 25 (24.3) <0.001 (<0.001)
Abnormal 169 (11.0) 123 (20.9) 14 (13.6)
Unknown 833 (54.1) 345 (58.7) 64 (62.1)
Alkaline phosphatase
Normal 579 (37.6) 164 (27.9) 31 (30.1) <0.001 (<0.001)
Abnormal 74 (4.8) 74 (12.6) 14 (13.6)
Unknown 888 (57.6) 350 (59.5) 58 (56.3)

SD standard deviation, BCS breast conserving surgery, SLN sentinel lymph node, ALND axillary lymph
node dissection, HER2 human epidermal growth factor receptor 2, CEA carcinoembryonic antigen, CA 15-3
cancer antigen 15-3

? The p value in brackets refers to the analysis after unknown data were excluded when missing data
constituted >20% of the whole data

The influence of selection bias on patient survival in ~ Metastatic breast cancer is a very heterogeneous disease
previous studies demonstrates the possibility that a sub-  and survival depends on various factors, including tumor
group of patients will benefit from local treatment. subtype, metastatic site, and numbers of and responses to
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Fig. 1 Overall survival by time: a all patients, b surgery group, ¢ non-surgery group

systemic treatments. It may not be possible to define the
role of surgery uniformly in all patients with metastatic
breast cancer, but a subset of long-term survivors who
might benefit from surgery should be identifiable. How-
ever, randomized controlled trials are limited in identifying
these potential long-term survivors. Within this context, we
retrospectively reviewed a nationwide database to con-
struct and validate a predictive model that can identify
long-term survivors among metastatic breast cancer
patients who undergo surgery. Primary tumor characteris-
tics, such as tumor size, grade, lymphovascular invasion,
ER status, Ki-67 level, and tumor marker levels at diag-
nosis, were related to patient survival. A predictive model
was developed using these factors, which identified a
subgroup (scores of 0-3) with a significantly longer 3-year
survival rate (>85%) compared to that of the total surgery
group (62.6%).

More metastatic breast cancer patients are expected to
have prolonged survival, as patient survival improves by
time. This trend has been demonstrated in this study and
other nationwide studies too [7, 8, 28]. The increase in
survival over time is the result of advances in treatment
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modalities and in modern imaging techniques. The devel-
opment of targeted therapies has increased the survival of
patients with metastatic breast cancer [29, 30], and hor-
mone-receptor-positive and HER2-positive tumors are
expected to benefit most from these advances. With the
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Table 2 Prognostic factors for
overall survival in patients who

underwent primary tumor HR 95% CI p value HR 95% CI p value
surgery (surgery group)

Univariate Multivariate

T stage
Tl Reference <0.001 Reference <0.001
T2 1.455 1.1 1.924 0.009 1.335 1.003 1.776 0.047
T3 2.017 1.493 2.725 <0.001 1.721 1.265 2.341 0.001
T4 2.45 1.812 3.312 <0.001 224 1.639 3.063 <0.001
Unknown 1.466 0.904 2.378 0.121 1.255 0.764 2.062 0.37
N stage
NO Reference 0.205
N1 1.111 0.858 1.439 0.423
N2 1.32 0.988 0.764 0.06
N3 1.333 0.999 1.778 0.051
Unknown 1.166 0.733 1.855 0.517
Tumor grade
Low Reference <0.001 Reference 0.001
High 1.715 1.395 2.109 <0.001 1.409 1.13 1.757 0.002
Unknown 1.344 1.085 1.664 0.007 0.916 0.703 1.194 0.516
LVI
No Reference 0.005 Reference 0.063
Yes 1.473 1.125 1.928 0.05 1.369 1.039 1.804 0.026
Unknown 1.546 1.182 2.021 0.001 1.365 1.016 1.833 0.039
ER
Positive Reference <0.001 Reference <0.001
Negative 1.81 1.495 2.191 <0.001 1.618 1.282 2.042 <0.001
Unknown 1.482 1.181 1.86 0.001 1.542 0.605 3.933 0.364
PR
Positive Reference 0.001 Reference 0.986
Negative 1.425 1.172 1.732 <0.001 1.014 0.802 1.283 0.904
Unknown 1.382 1.092 1.748 0.007 0.954 0.371 2451 0.922
HER2
Negative Reference 0.068
Positive 1.142 0.908 1.436 0.256
Equivocal/unknown 1.256 1.036 1.523 0.02
Ki-67
<20 Reference Reference
>20 or unknown 1.821 1.424 2.328 <0.001 1.606 1.241 2.078 <0.001
CEA
Normal Reference 0.022 Reference 0.145
Abnormal 1.605 1.134 2272 0.008 1.177 0.811 1.707 0.391
Unknown 1.194 0.979 1.457 0.081 0.802 0.598 1.075 0.14
CA 15-3
Normal Reference <0.001 Reference 0.011
Abnormal 1.77 1.337 2.343 <0.001 1.478 1.084 2.014 0.014
Unknown 1.376 1.138 1.664 0.001 1.447 1.045 2.002 0.026
ALP
Normal Reference 0.015 Reference 0.099
Abnormal 1.603 1.117 2.301 0.011 1.497 1.035 2.166 0.032
Unknown 1.214 1.012 1.455 0.036 1.051 0.82 1.346 0.694

HR hazard ratio, CI confidence interval, LVI lymphovascular invasion, ER estrogen receptor, PR proges-
terone receptor, HER2 human epidermal growth factor receptor 2, CEA carcinoembryonic antigen, CA 15-3
cancer antigen 15-3, ALP alkaline phosphatase
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Fig. 3 Prediction model of a OS prediction model for surgery group
overall survival for metastatic
breast cancer patients Factors Score
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progress in imaging techniques, the profiles of metastatic
breast cancer are also evolving. Smaller metastatic lesions
are being identified earlier, greatly reducing the tumor
burden at diagnosis compared to that in earlier years. These
recent changes in the spectrum of metastatic breast cancer
emphasize the need to identify potential long-term
survivors.

Patient selection is a requirement noted in much of the
literature [24, 27, 31] and efforts to identify appropriate
surgical candidates have been reported. Our predictive
model, which identifies long-term survivors, is mainly
based on the clinicopathological features of the primary
tumor, which are well-recognized prognostic factors in
metastatic breast cancer [6]. Soran et al. described the
pattern of distant metastasis as a selection factor in the
Turkish study, suggesting that patients with a solitary bone
metastasis benefited from complete excision of the primary
tumor [17]. In a prospective registry study, King et al. also
demonstrated the prognostic value of a 21-gene recurrence
score in ER-positive, HER2-negative stage IV breast
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cancer [32], introducing a role for genomic diagnostic tools
in the treatment of advanced breast cancer.

There are some limitations of this study. The KBCR
does not record variables such as tumor burden, timing of
diagnosis of metastasis, comorbidities, and response to
systemic treatment. Moreover, because of the retrospective
and voluntary nature of the KBCR, a large portion of data
was missing, especially in the non-surgery group. The
KBCR is primarily maintained by breast surgeons nation-
wide, and compared with other retrospective studies, the
proportion of patients not undergoing surgery in this study
was relatively small, causing further potential selection
bias.

However, this study has several strengths. Previous
studies mainly focused on the prognostic role of local
treatment, whereas in this study, we concentrated on
identifying long-term survivors, to identify those patients
who could be considered for primary tumor surgery.
Moreover, the predictive model constructed in this study is
simple and easily applicable in the clinical context. Also,
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the KBCR is a prospectively maintained nationwide data-
base with a high enrollment rate (over 65%) and is repre-
sentative of all women with a diagnosis of breast cancer in
Korea.

In conclusion, we have developed and validated a pre-
dictive model to identify long-term survivors among
women who undergo primary tumor surgery. The paradigm
of metastatic breast cancer is gradually shifting from a
terminal event to a chronic disease, which anticipates an
increasing role for surgery. This predictive model provides
insight into the prognostic value of primary tumor surgery
in individual patients and guidance to patients and physi-
cians considering the option of primary tumor surgery.
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