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ABSTRACT

Background. Breast-conserving surgery (BCS) has been
reported to have better survival rates when compared with
total mastectomy (TM) in early breast cancer. We evalu-
ated the long-term outcomes of Korean women with early
breast cancer who underwent either BCS plus radiotherapy
(RT) or TM.

Methods. In this population-based study, we evaluated
45,770 patients from the Korean Breast Cancer Registry
(KBCR) who were diagnosed with early breast cancer, and
divided them into the BCS + RT and TM groups. To
minimize bias caused by factors other than the surgical
method, we used exact match pairing of prognostic factors.
We compared the 10-year overall survival (OS) and breast
cancer-specific survival (BCSS) before and after exact
matching. As the KBCR is a multicenter, online-based
registry program, we used the Asan Medical Center (AMC)
database, a single-center database, to validate the results
from the KBCR database.
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Results. In both the KBCR and AMC cohorts, the
BCS + RT group showed better OS and BCSS than the
TM group, before and after exact matching. For the KBCR
cohort after exact matching, the hazard ratios for OS and
BCSS were 1.541 (95% confidence interval [CI]
1.392-1.707, p < 0.001) and 1.405 (95% CI 1.183-1.668,
p < 0.001), respectively, favoring the BCS + RT group.
For the AMC cohort after exact matching, the hazard ratios
for OS and BCSS were 1.854 (95% CI 1.476-2.328,
p < 0.001) and 1.807 (95% CI 1.186-2.752, p = 0.006),
respectively.

Conclusions. Our results suggest that BCS + RT is at
least equivalent to TM in terms of OS and may affect
treatment decisions in early breast cancer patients.

The randomized controlled trials conducted in the 1980s
demonstrated the non-inferiority of breast-conserving sur-
gery (BCS) followed by radiotherapy (RT) compared with
mastectomy in patients with early breast cancer. These
trials showed that even though patients who had BCS
showed increased local recurrence, their overall survival
(OS) was equal to that of patients who underwent total
mastectomy (TM)."? As BCS clearly improved the quality
of life of early breast cancer patients, the rate of BCS
increased, and BCS combined with RT has become the
standard treatment for early breast cancer.

In recent years, many observational studies have been
published that reported that early breast cancer patients
treated with BCS 4 RT have superior OS than those
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treated with TM. van Maaren et al. reported better OS,
relative survival, and distant metastasis-free survival for
BCS with RT compared with TM in TINO stage breast
cancer patients in The Netherlands.” Lagendijk et al. ana-
lyzed a Dutch cohort diagnosed between 1999 and 2012
and showed that BCS 4 RT led to higher OS and relative
survival than TM in the T1-2, NO-1 group.® Although
these studies included more prognostic risk factors in the
multivariate analysis than other observational studies that
showed similar results, these studies lacked information on
breast cancer subtype, breast cancer-specific deaths, and
patients’ comorbidity.

This study aimed to compare the long-term survival
outcomes of Korean breast cancer patients who underwent
BCS + RT with those underwent TM, in a large popula-
tion-based cohort. To overcome bias caused by death not
related to breast cancer, we evaluated OS and breast can-
cer-specific survival (BCSS). Moreover, as we wanted to
evaluate the survival difference associated with BCS + RT
or TM, we performed 1:1 matching of factors that might
affect prognosis, such as patient’s age, T stage, N stage,
histological grade, and subtypes.

METHODS

In this population-based study, we used the data from
the Korean Breast Cancer Registry (KBCR) and Asan
Medical Center (AMC) databases.

Korean Breast Cancer Registry

The KBCR is a prospectively maintained, multi-insti-
tutional registry of the Korean Breast Cancer Society.
Nationwide, breast surgeons in 102 teaching hospitals
participate in this program. As of 2004, this registry was
estimated to include >50% of all newly diagnosed breast
cancer patients in Korea. Essential data include patient’s
identification number, sex, age, surgical method, and can-
cer stage based on the American Joint Committee on
Cancer classification. Patients’ age at diagnosis, family
history, menopausal status, and tumor characteristics such
as subtype and histological grades can also be recorded.

For follow-up, patients were divided into four cate-
gories: no evidence of disease (NED), with recurrence,
alive with disease, and dead. Type of first recurrence (lo-
coregional or distant metastasis) and causes of death have
been further categorized.

Asan Medical Center Database

The AMC database is a prospectively maintained, web-
based system that includes information on all patients who

have undergone operations for breast diseases at the AMC.
This database provides more detailed information on the
type of breast tumor and the date and location of breast
cancer recurrence.

Patients and Study Design

We included female patients with primary invasive,
pathologically staged T1-2, NO-1, MO breast cancer from
the KBCR who were diagnosed between 1998 and 2012.
All patients underwent either BCS or TM irrespective of
axillary staging or dissection or use of adjuvant systemic
therapy. Patients (1) with primary carcinoma in situ, (2)
who received neoadjuvant systemic therapy, (3) with
unknown information or tumor characteristic needed for
1:1 matching, (4) who received postmastectomy RT, and
(5) who did not receive RT following BCS were excluded.
Selected patients were divided into the BCS + RT group
or TM group, and their 10-year OS and BCSS were
compared.

To minimize the confounding bias caused by variables
other than surgical method, we used exact match pairing of
variables that affect prognosis. The variables we matched
were age at diagnosis, tumor T stage, tumor N stage, his-
tological grade, lymphovascular invasion (LVI) status,
tumor subtypes, and year of operation. We compared the
OS and BCSS of the two groups.

As the KBCR is a multicenter, online-based registry
program, we used single-center data (AMC database) to
validate the results of the KBCR. We selected patients
from the AMC who were diagnosed with breast cancer
between 1998 and 2012. The inclusion and exclusion cri-
teria were the same as those for the KBCR patients.

The follow-up data in the AMC database were more
detailed; hence, we decided to compare not only the sur-
vival rate but also the recurrence rate of the two groups.
Local recurrence and distant recurrence were all referred to
as recurrence. For patients from the AMC database, the
primary outcome was 10-year OS, BCSS, and disease-free
survival (DFS).

In the matched groups, we performed a subgroup anal-
ysis of OS, BCSS, and DFS by cancer subtype: luminal A
{hormone receptor (HR)-positive [HR+]/human epidermal
growth factor receptor (HER2)-negative [HER2-]},
luminal B (HR+/HER2-positive [HER2+]), HER2 type
(HR-negative [HR—]/HER2+), and triple negative (HR—/
HER2-).

Statistical Analysis
The characteristics of the BCS and TM groups in the

KBCR and AMC cohorts were compared using the Chi-
square test. To adjust for confounding bias, we performed a
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1:1 exact matching of all variables in each cohort, except
for adjuvant RT. The Kaplan—-Meier method was used to
estimate the 10-year OS and BCSS of the KBCR and AMC
cohorts, and the 10-year DFS of the AMC cohort, while the
log-rank test was used to compare the BCS + RT group
and the TM group. To calculate the hazard ratio with 95%
confidence interval (CI) for 10-year OS, BCSS, and DFS,
we used a multivariate Cox proportional hazard analysis.
All analyses were performed using the SPSS statistical
software version 21.0 (IBM Corporation, Armonk, NY,
USA) and R (R Core Team, 2019), and the figures were
produced using the ggplot2 package (Wickham, 2009).

RESULTS
Korean Breast Cancer Registry

A total of 45,770 patients from the KBCR diagnosed
with primary invasive cancer between 1998 and 2012 met
the inclusion criteria. Of these patients, 17,147 underwent
TM, while 28,623 underwent BCS with RT (Fig. 1a). The
TM group was generally older and had a higher percentage
of patients with T stage 2, N stage 1, and HER2+ subtype.
A total of 14,791 patients in each group were suitable for
1:1 matching. Patient demographics and tumor character-
istics are shown in Table 1.

In the multivariate Cox proportional hazard analysis,
both before and after 1:1 exact matching, the BCS + RT
cohort showed better OS and BCSS compared with the TM
group. Before exact matching, the hazard ratios for OS and
BCSS in the BCS + RT group were 1.802 (95% CI
1.664-1.950, p < 0.001) and 2.153 (95% CI 1.834-2.528,
p < 0.001), respectively. After exact matching, the hazard
ratios for OS and BCSS were 1.541 (95% CI 1.392-1.707,
p < 0.001) and 1.405 (1.183-1.668, p < 0.001), respec-
tively. The results are shown in Table 2.

In the Kaplan—Meier survival curve, OS of the
BCS + RT group was significantly better both before and
after matching. The 10-year OS rates for the BCS 4+ RT
group and the TM group before matching were 93.2% and
87.9%, respectively, while the 10-year OS rates for the
BCS + RT group and the TM group after matching were
94.3% and 90.6%, respectively (Fig. 2). Furthermore, the
BCS + RT group had better BCSS before matching, but no
significant difference was observed after matching (elec-
tronic supplementary Fig. 1). The median follow-up
periods were 68.3 months before matching and 73.4
months after matching.

In the subgroup analysis by breast cancer subtype, the
BCS + RT patients with luminal A and triple-negative
subtypes showed better OS than TM patients, whereas the
OS of those with luminal B and HER2 subtypes did not
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(a) Korean Breast Cancer Registry
Early breast cancer
1998-2012
(N=45,770)
™ BCS+RT
(N=17,147) (N=28,623)
1:1 exact matching
™ BCS+RT
(N=14,791) (N=14,791)
(b) Asan Medical Center Database
Early breast cancer
1998-2012
(N=10,016)
™ BCS+RT
(N=3,633) (N=6,383)
1:1 exact matching
™ BCS+RT
(N=2,927) (N=2,927)

FIG 1 Selection of the included patients from (a) the Korean Breast
Cancer Registry and (b) the Asan Medical Center. TM total
mastectomy, BCS breast-conserving surgery, RT radiotherapy

show a significant difference (Fig. 3). The analysis of
BCSS showed different results, reporting that luminal A, B,
and triple-negative subtypes did not show a significant
difference in terms of survival benefit, while the
BCS + RT group with HER2 subtype showed better BCSS
compared with the TM group, with a p-value of 0.049
(electronic supplementary Fig. 2).

Asan Medical Center Database

A total of 10,016 patients from the AMC database who
were diagnosed with primary invasive cancer between
1998 and 2012 met the inclusion criteria. Of these patients,
3633 underwent TM and 6383 underwent BCS with RT. A
total of 2927 patients in each group were suitable for 1:1
matching (Fig. 1b). The TM group was generally older and
had a higher percentage of patients with higher T stage and
HER2+ subtype. The characteristics of patients and tumors
according to the type of surgery are presented in Table 1.
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TABLE 2 Hazard ratios for
overall survival and breast

Before exact matching [N = 45,770]

After exact matching [N = 29,582]

cancer-specific survival HR 95% CI p-value HR 95% CI p-value
between BCS + RT and TM for
the Korean Breast Cancer Overall survival
Registry BCS + RT 1 1
™ 1.802 1.664-1.950 <0.001 1.541 1.392-1.707 <0.001
Breast cancer-specific survival
BCS + RT 1 1
™ 2.153 1.834-2.528 <0.001 1.405 1.183-1.668 <0.001
TM total mastectomy, BCS breast-conserving surgery, RT radiotherapy, HR hazard ratio, CI confidence
interval
(@) (b)
100.0%1 100.0% 1
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= 90.0%1 2 90.0%1
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S 80.0%1 2 80.0%
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H Op method s Op method
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g
S 80.0%
a
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E %7 Log-rank test P<0.001 BCS+RT
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Time after breast cancer diagnosis (months)
Number at risk
6383 6044 2856 647 20 0
3633 3394 1893 653 22 0

FIG 2 OS by operation method. (a) OS of KBCR patients before
matching. (b) OS of KBCR patients after matching. (¢) OS of AMC
patients before matching. (d) OS of AMC patients after matching. OS

In the multivariate Cox proportional hazard analysis,
both before and after 1:1 exact matching, the BCS + RT
cohort showed better OS, BCSS, and DFS compared with
the TM cohort. Before exact matching, the hazard ratios for
OS, BCSS, and DFS in the BCS + RT group were 1.634
95% CI 1.363-1.960, p < 0.001), 1.536 (95% CI
1.109-2.129, p = 0.010), and 1.371 (95% CI 1.199-1.568,
p < 0.001), respectively. After exact matching, the hazard
ratios for OS, BCSS, and DFS were 1.854 (95% CI
1.476-2.328, p < 0.001), 1.807 (95% CI 1.186-2.752,

Time after breast cancer diagnosis (months)

Number at risk

8807 6290 2289 321 7 2 1
8807 6556 2674 332 11 3 0
(d)
100.0%
S
= 90.0%1
.:g
S 80.0%-
[=9
E Op method
Z 70.0% S¥: S
g 01 Log-rank test P<0.001 BCS+RT
™
60.0% 1
0 50 100 150 200 250
Time after breast cancer diagnosis (months)
Number at risk
2927 2787 1487 347 11 0
2927 2743 1426 480 10 0

overall survival, KBCR Korean Breast Cancer Registry, AMC Asan
Medical Center, TM total mastectomy, BCS breast-conserving
surgery, RT radiotherapy, Op method operation method

p = 0.006), and 1.310 (95% CI 1.090-1.574, p = 0.004),
respectively (Table 3).

In the Kaplan—Meier survival curve, the BCS + RT
group showed better OS, BCSS, and DFS, both before and
after matching. The 10-year OS rates for the BCS + RT
group and the TM group after matching were 95.8% and
91.9%, respectively (Fig. 2); the 10-year BCSS rates for
the BCS + RT group and TM group after matching were
98.8% and 97.6%, respectively (electronic supplementary
Fig. 1); and the 10-year DFS rates for the BCS + RT group
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FIG 3 OS by operation method; subgroup analysis by cancer subtype
in KBCR patients after matching. (a) OS of HR+/HER2— subtype.
(b) OS of HR+/HER2+ subtype. (¢) OS of HR—/HER2+ subtype.
(d) OS of HR—/HER2— subtype. OS overall survival, KBCR Korean

TABLE 3 Hazard ratios for

Breast Cancer Registry, HR hormone receptor, HER2 human
epidermal growth factor receptor, TM total mastectomy, BCS

breast-conserving surgery, RT radiotherapy, Op method operation
method

overall survival, breast cancer-

Before exact matching [N = 10,016]

After exact matching [N = 5854]

specific survival, and disease-

HR 95% CI p-value HR 95% CI p-value
free survival between
BCS + RT and TM for the Overall survival
AMC database BCS + RT 1 1
™ 1.634 1.363-1.960 <0.001 1.854 1.476-2.328 <0.001
Breast cancer-specific survival
BCS + RT 1 1
™ 1.536 1.109-2.129 0.010 1.807 1.186-2.752 0.006
Disease-free survival
BCS + RT 1 1
™ 1.371 1.199-1.568 <0.001 1.310 1.090-1.574 0.004

TM total mastectomy, BCS breast-conserving surgery, RT radiotherapy, HR hazard ratio, CI confidence

interval

and the TM group after matching were 90.2% and 87.6%,
respectively (electronic supplementary Fig. 3). The median
follow-up periods were 97.0 months before matching and
99.0 months after matching.

In subgroup analysis, the BCS + RT group with luminal
A and triple-negative subtypes showed significantly better
OS compared with the TM group, whereas those with the
HER2+ subtype did not show significant OS difference
(Fig. 4). In the AMC matching cohort, unlike the KBCR
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matching cohort, BCSS showed a pattern similar to OS,
where patients with luminal A and triple-negative subtypes
treated with BCS + RT showed better outcomes than those
with luminal B and HER2 subtypes (electronic supple-
mentary Fig. 4). In terms of DFS, only patients with
luminal A subtype treated with BCS + RT showed sig-
nificantly better survival (electronic supplementary Fig. 5).

DISCUSSION

Since the publication of randomized trials demonstrating
the non-inferiority of BCS followed by RT compared with
TM, by Veronesi et al. and Fisher et al., although the
incidence of local recurrence was higher in patients treated
with BCS, as it was deemed acceptable with similar OS,
the rate of BCS for early breast cancer
increasedl’z’s; however, these trials were carried out when
the clinical, biological, or genetic prognostic factors were
unknown, and adjuvant treatment was not tailored to dis-
ease biology. In the meantime, treatment of breast cancer
has improved dramatically over time, and recent studies

Survival probability (%)

(a)
100.0%
g
2 90.0%1
%
<3
S 80.0%-
&
= Op method
‘£ 70.0%7]  Log-rank test P<0.001 BCS+RT
3 ™
60.0%1
0 50 100 150 200 250
Time after breast cancer diagnosis (months)
Number at risk
1665 1618 889 194 6 0
1665 1588 837 272 9 0
(©
100.0%
g
2 90.0%
=
e 80.0%
(=9
= Op method
é 70.0% Log-rank test P=0.571 BCS+RT
& ™
60.0%]
0 50 100 150 200

Time after breast cancer diagnosis (months)

Number at risk

473 441 202 46 1
473 439 191 55 0

FIG 4 OS by operation method; subgroup analysis by cancer subtype
in AMC patients after matching. (a) OS of HR4+/HER2— subtype.
(b) OS of HR+/HER2+ subtype. (¢) OS of HR—/HER2+ subtype.
(d) OS of HR—/HER2— subtype. OS overall survival, AMC Asan

Survival probability (%)

showed an impressive decrease in local recurrence in
BCS + RT patients with appropriate adjuvant treatment,
i.e. 2% in 10 years®. As the incidence of local recurrence
decreased over time, there might have been changes in the
survival outcome between early breast cancer patients
treated with TM and those treated with BCS + RT.
Indeed, many recent large-scale population studies have
shown better outcome in BCS + RT compared with TM.
Agarwal et al. examined 132,000 patients with early-stage
breast cancer from the Surveillance, Epidemiology, and
End Results (SEER) database. In this study, patients with
tumor size from O to 4 cm and 0-3 positive nodes were
included and were divided according to the type of local
treatment (BCS + RT, mastectomy alone, and mastec-
tomy + RT). Disease-specific survival was better in the
BCS + RT cohort, which was confirmed in the subgroup
analyses based on tumor size and lymph node involve-
ment.” This study had some major limitations. Systemic
therapy was not analyzed and tumor characteristics were
limited to HR status, grade, and lymph node status, with no
data on LVI or HER2 status. van Maaren et al. analyzed
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Medical Center, HR hormone receptor, HER2 human epidermal
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patients from the Netherlands Cancer Registry and reported
a similar conclusion that BCS + RT showed improvement
in 10-year OS and relative survival, when compared with
TM, in early breast cancer. However, in a subgroup anal-
ysis of 10-year distant metastasis-free survival, only the
TINO patients in the BCS + RT group showed signifi-
cantly better survival, indicating possible confounding by
severity.’ More than 75% of patients in the TINO subgroup
did not receive adjuvant systemic therapy, and HR and
HER?2 status were not included as prognostic factors.

In the current study, we tried to avoid the above limi-
tations and only included patients with enough information
on tumor biology and subtype. To adjust for various
prognostic risk factors between the two groups, a 1:1 exact
matching for age at diagnosis, T stage, N stage, histological
grade, lymphovascular invasiveness, subtype, and period of
operation was performed. We added period of operation as
a factor, as adjuvant systemic therapy has improved dra-
matically over time. We used a nationwide, multicentered
database in order to include a large number of patients,
with the single-center database used to validate the results.
We performed a long-term follow-up, with a median fol-
low-up of 68.33 months before matching and 73.43 months
after matching for KBCR, and 97.0 months before
matching and 99.0 months after matching for the AMC
database. For the primary endpoint, we evaluated OS and
BCSS. BCSS is more reliable in estimating the treatment
effects than OS by eliminating the large influence of age
and comorbidities.

Our study reported that Korean early breast cancer
patients who underwent BCS + RT showed better OS and
BCSS than those who underwent TM. In terms of BCSS,
the BCS + RT group showed better survival based on the
results of the multivariate Cox proportional hazard analysis
of all groups. In the Kaplan—Meier survival analysis, the
KBCR matching group showed no significant difference.
As the KBCR is a nationwide online-based database, the
cause of death might not have been specifically registered,
and therefore the number of events could be underesti-
mated (electronic supplementary Fig. 1b).

As the AMC database had more detailed information
and patients were more thoroughly followed, we had
enough information to evaluate DFS. In our raw data, we
classified patients with recurrence into two categories;
locoregional recurrence and distant recurrence, which were
all referred to, as recurrence in our study and the
BCS + RT group showed better DFS than the TM group.
Although not shown in our results, we performed subgroup
analysis by type of recurrence. In the AMC matching data,
of 5854 patients, 601 patients had recurrence and 322
patients had locoregional recurrence, while 279 patients
had distant recurrence. In the Kaplan—Meier survival curve
of patients with distant recurrence, the BCS + RT group

showed better DFS than the TM group. The 10-year DFS
rate for the BCS + RT group was 95.3%, and 94.1% for
the TM group. Patients with locoregional recurrence did
not show significant difference in DFS between two
groups. One of the reasons for this result could be that as
BCS + RT has a higher chance of ipsilateral breast cancer
tumor recurrence, this might have affected the result.

Several previous studies have shown similar results and
have attempted to explain the reason for better survival in
the BCS + RT group compared with the TM group, with
the most obvious reason being the impact of RT. Onitilo
and colleagues investigated the OS of the BCS group with
and without RT and compared it with that of the TM group.
The results showed that OS of BCS patients without RT
was equal to that of TM patients, but the OS was longer in
BCS patients with RT than in TM patients. The better OS
of the BCS + RT group is likely to be related to the
addition of RT than to the surgery itself.® In the Nether-
lands study, more than 75% of patients in the TINO
subgroup did not receive adjuvant systemic therapy;
therefore, adjuvant RT partly attributed to the improvement
of distant metastasis-free survival in the BCS + RT group
compared with the TM group.> The concept of RT as a
local treatment having a systemic effect is now easier to
understand after the overview on the impact of postoper-
ative RT.” In our study, even though adjuvant systemic
therapy was not included in the matching factors, we
assumed that as age, stage, subtype, and time of diagnosis
were matched, similar adjuvant systemic treatments have
been used; hence, adjuvant RT possibly attributed to the
improvement in patients’ survival. Another reason is the
possibility of depressed immune response after undergoing
a more extensive surgery; however, the complex relation-
ship between surgical trauma, RT, and immune response
remained unknown.’

In the subgroup analysis by cancer subtype, results
showed interesting patterns. Excluding the BCSS of the
KBCR matching group, patients with luminal A and triple-
negative subtypes in the BCS + RT group showed better
survival compared with the TM group, whereas HER2+
subtypes showed no significant difference in OS and BCSS.
This finding could be due to the fact that as HER2+ tumor
outcome has dramatically improved after the introduction
of targeted therapy, systemic therapy has more influence on
the nature of HER2+ tumor regardless of the provision of
local treatment such as surgery and RT."”

This study has some limitations. First, although we
evaluated BCSS to differentiate overall mortality from
disease-specific mortality, several causes of death were not
specified in the database, indicating that the disease-
specific mortality could be underestimated. Second, when
exact matching was performed, tumor size was matched by
T stage, and the TM group showed larger tumor size
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compared with the BCS group. In future studies, a more
precise stratification of tumor size could lead to more
accurate results. Third, we did not include the status of
adjuvant systemic therapy when we performed the exact
matching or in the multivariate analysis. We just made an
assumption that in the same period of time, with the same
tumor stage and subtype, most patients will probably
receive similar adjuvant therapy. Fourth, one of the key
characteristics of Korean breast cancer is the higher inci-
dence of young-age breast cancer than in Western
countries.'""'? About half of the patients diagnosed with
breast cancer were under the age of 50 years (Table 1).
Because of the difference in age distribution, our study
results may not represent the global population of breast
cancer patients. Finally, because of the retrospective and
voluntary nature of the KBCR database, for many patients
the data are incomplete, which may have affected the
results of our study. To minimize the bias, we only inclu-
ded patients with sufficient data, and, to validate the KBCR
database, we used the more detailed AMC database, which
showed a similar result.

CONCLUSION

Even after adjusting for confounding factors by exact
matching, the BCS + RT group showed better OS and
BCSS in both the KBCR and AMC databases. As the AMC
database had more precise and accurate information
regarding the date and site of recurrence, we analyzed DFS
and found the BCS + RT group showed better DFS com-
pared with the TM group. These results suggest that
BCS + RT is at least equivalent to TM in terms of
recurrence-free survival and OS, and may affect the treat-
ment decisions in early breast cancer patients. Hence,
randomized controlled trials should be conducted and
should include adjuvant treatment to confirm whether early
breast cancer patients treated with BCS 4+ RT have a better
survival rate than those treated with TM.
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