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Abstract

Purpose Advances in breast cancer treatment have contributed to marked improvements in patient outcomes over the past
three decades. This study aims to chronologically evaluate the survival of patients with breast cancer and investigate the
observed changes over time.

Methods Statistics from the Korean National Cancer Registry, based on all 60,571 patients with invasive breast cancer
during the 21 year period, were analyzed. We divided the study interval into four periods (P1: 1988—1992, P2: 1993-1997,
P3: 1998-2002, P4: 2003-2008).

Results The patients treated during P4 showed significantly better 5-year overall survival (OS) than did those treated during
P1(5Y OS; P1=79.0 vs. P4=92.2, p <0.001). In the multivariate analyses, younger age, mastectomy, high stage, high tumor
grade, lymphovascular invasion, and hormone receptor negativity were poor prognostic factors. The multivariate analysis
demonstrated that diagnosis periods significantly and independently associated with OS in the overall group of patients.
In our analysis of age-period-interaction models, the hazard ratio (HR) for death for patients who were under 35 years of
age, compared to those who were older, tended to decrease over time (HR of age <35 vs. 35~50; P1=0.739, p=0.007;
P2=0.744, p <0.001; P3=0.886, p=0.041; P4=0.983, p=0.813). The survival rate of patients who underwent breast con-
serving surgery (BCS) has recently gotten better than that of mastectomy (HR of mastectomy vs. BCS; P1=0.957, p=0.790;
P2=0.542, p<0.001; P3=0.543, p < 0.001; P4=0.425, p<0.001).

Conclusions The clinical factors related to the changes in breast cancer survival have improved and increased patient OS over
the past 20 years in Korea. In addition, we provided new insights into the effects of age and surgery methods on prognosis
in each period.
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Introduction

Recently, many studies worldwide have reported that the
survival rate of patients with breast cancer is improv-
ing. Such observations result from improved nationwide
screening programs for early breast cancer detection [1],
an increase in the proportion of less aggressive cancers
[2], and advances in adjuvant treatment, such as trastu-
zumab for human epidermal growth factor receptor-2
(HER-2)-positive tumors and aromatase inhibitors for
hormone receptor-positive tumors [3-5].

The Korean Breast Cancer Society (KBCS) also pub-
lishes biennial reports on the characteristics of breast
cancer in the country, along with evolving trends [1-4].
According to the national breast cancer data in the Korean
Breast Cancer Registry (KBCR), the overall survival (OS)
of female patients with breast cancer in Korea is gradually
increasing over time [5]. However, despite the improve-
ments in OS, breast cancer may recur at any time. Depend-
ing on the properties of the tumor, such as size, lymph
node metastasis, and biological subtype, various clinical
outcomes have been seen in patients with breast cancer.
Some patients experience recurrences several months after
surgery, and some have recurrences after a few years, most
of which result in death. Therefore, identifying the prog-
nostic factors for death is very important for predicting
the patient outcomes and suggesting the most appropriate
supplementary treatment.

In contrast to studies in western countries, very few
investigations have reported the underlying cause of the
survival improvements that have been observed in Korean
patients with breast cancer over time. Thus, it would be
clinically relevant to investigate the incremental changes
in patients with early-stage cancer and treatment time
periods that correlate with the advancements in cancer
management.

The main purpose of this study is to analyze the sur-
vival of Korean patients with breast cancer over 20 years
(1988-2008). We also conducted a data analysis, to iden-
tify factors that affect outcomes and changes in survival
over time.

Methods

Korean breast cancer registry

The KBCR is a database that has been prospectively
maintained by the KBCS since 1996 [6]. Nationwide,

102 general hospitals with at least 400 beds, including
41 university hospitals and 61 surgical training hospitals,
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have voluntarily participated in this program. In 2001,
the Online Korean Breast Cancer Registration Program
was launched, which allowed physicians from participat-
ing hospitals to input data into the web-based database.
Essential items for registration were the patient’s unique
Korean resident’s registration number as an identifier, the
patient’s sex and age, the surgical method used, and the
cancer stage, based on the American Joint Committee
on Cancer classification. Patient survival data, including
dates and causes of death, were obtained from the Korea
Central Cancer Registry, Ministry of Health and Welfare,
Korea. The Korean Central Cancer Registry is linked to
the Korean National Statistical Office, which maintains
complete death statistics, which are recorded with the
unique identification numbers that are assigned to all
Korean residents [7].

The KBCR data do not include the type or date of tumor
recurrence, because the Korean Central Cancer Registry
only provides mortality data. The KBCR data also do not
provide the patient’s name and unique Korean resident reg-
istration number, to protect the privacy of each patient.

Patients and follow-up

From the database, we identified 68,070 patients who
underwent breast cancer surgery between January 1988 and
December 2008. Among them, 5541 patients who had pure
carcinoma in situ were excluded. Patients who received neo-
adjuvant chemotherapy were also excluded; ultimately, we
enrolled 60,571 patients. Estrogen receptor (ER), proges-
terone receptor (PR), and HER-2 statuses were determined
immunohistochemically. For HER-2 overexpression analy-
sis, cases that were graded as 0, 1 +, or 2+ were considered
negative. Cases graded as 2+ were evaluated by fluores-
cence in situ hybridization, and cases graded as 3 + were
regarded positive. We divided the study period into four
phases, according to significant changes in anti-hormonal
therapy and chemotherapy, as follows: P1, 1988-1992; P2,
1993-1997; P3, 1998-2002; and P4, 2003-2008.

Statistical analyses

The correlation between the four cohorts, according to the
date of surgery and clinicopathological parameters, was ana-
lyzed using chi-squared and ¢ tests. OS was defined as the
time from the date of surgery to the date of death or last
follow-up.

The Kaplan—Meier method was used to estimate the
survival outcomes of all patients, from the date of surgery.
Groups were compared using log-rank statistics. Cox pro-
portional hazards models were used for both univariable
and multivariable analyses. We calculated the hazard ratios
(HRs) from each period to determine the interaction effect
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between period and age group or surgery methods. The HRs
(95% confidence interval [CI]) and p values were reported.
p <0.05 was used to signify statistical significance. We con-
ducted our analyses using the SPSS statistical software, ver-
sion 21.0 (SPSS Inc., Chicago, USA).

Results
Patient characteristics

The clinical characteristics of the patients are shown in
Table 1. For the age at diagnosis, the number of patients
in the 35-50 year age group of was the highest across all
periods. However, the proportions of patients under 35 years
of age at diagnosis were 13.9% in P1, 10.9% in P2, 8.5% in
P3, and 6.6% in P4, and the proportion decreased from P1
to P4 (» <0.001). There was also a change in the frequency
of operations according to period. The proportion of mas-
tectomies decreased, and the proportion of BCS increased,
from P1 to P4. The frequencies of BCS were 6.3% in P1,
18.2% in P2, 29.8% in P3, and 46.8% in P4 (p <0.001).
With respect to T stage, the frequency of patients with T1
cancer was 29.3%, of T2 was 56.9% and of T3 and 4 was
13.8% in P1. However, the frequency of T1 increased from
P1 to P4 by 52.9% and that of T2 and T3 and 4 decreased
by 40.4 and 6.7% in P4, respectively. The proportion of
patients without lymph node metastasis was 48.8% in P1,
but this statistic increased from P1 to P4 and was 59.7% in
P4 (»p <0.001). When the breast cancer HRs were examined
in each period, the percentage of patients with ER positive
tumors was 46.5% in P1, and this number increased to 62.2%
in P4 (p <0.001).

Survival

Overall 5- and 10-year survival rates were 89.5 and 81.7%,
respectively. The 5-year survival rate was 79.0% in P1,
82.7% in P2, 86.8% in P3, and 92.2% in P4 and gradually
increased from P1 to P4 (p <0.001). The 10-year survival
rate for each period was 66.1, 73.1, 79.4, and 87.5%, from
P1 to P4, respectively, and also significantly and gradually
increased from P1 to P4 (Fig. 1, p<0.001).

The univariate Cox regression results for each variable
are shown in Table 2. The patients in the 35-50 year age
range showed the most favorable factors, followed by those
over 50 years, and patients under 35 years of age showed the
least favorable outcomes (p <0.001). Patients who under-
went BCS had better prognoses than those who underwent
mastectomy (p <0.001). We found that larger tumor size,
node metastasis, advanced stage, higher nuclear and histo-
logic grades, lymphovascular invasion, hormone receptor

negativity, and HER2 amplification had negative effects on
survival (p <0.001).

Figure 2 shows the changes in postoperative mortality
risk over each period. Over all periods, the postoperative
mortality risk had the greatest increase after 2-3 years of
surgery. However, this risk decreased from P1 to P4. The
postoperative mortality risk at 3 years was 0.037 in P1,
0.022 in P2, 0.012 in P3, and 0.003 in P4. In agreement with
the univariate analysis, the multivariate analysis using the
Cox model showed that younger age, mastectomy, advanced
stage, higher nuclear and histological grades, lymphovascu-
lar invasion, and hormone receptor negativity were common
prognostic factors for breast cancer and had statistically sig-
nificant negative impacts on prognosis and survival (Table 3,
p<0.001). As with the univariate analysis, the time period
had a positive and statistically significant impact on patient
survival. Based on P1, the HR at P2 was 0.909 (p=0.041),
the HR at P3 was 0.717 (p <0.001), and the HR at P4 was
0.514 (p<0.001). In the univariate analysis, hormonal ther-
apy and radiotherapy had positive effects on survival, and
adjuvant chemotherapy had a negative effect. However, the
multivariate analysis showed that all three of these variables
had positive effects on survival (p <0.001).

We also analyzed the trends in hazard ratios that were
calculated from each period, to determine the associations
between periods and age groups. Compared with patients
under 35 years of age, the risk of death among patients aged
35-50 was lower. Compared to patients under 35 years
of age, the risk of death in patients aged 35-50 years has
increased from past to recent periods. The HR for death of
patients 35 ~ 50 years of age compared to patients under
35 years at P1 was 0.739 (p=0.007), the HR at P2 was 0.744
(»<0.001), the HR at P3 was 0.886 (p=0.041), and the
HR at P4 was 0.983 (p =0.813). The differences in risks
with respect to age at diagnosis decreased from P1 to P4.
According to the results of the operation methods, the risk of
mastectomy and BCS did not differ between the two groups
at P1 (HR 0.957, p=0.790); but after P2, the risk of death
for BCS compared to mastectomy reduced. Finally, in period
4, BCS was associated with a statistically significant lower
risk of death than mastectomy (in P2, HR 0.542, p <0.001;
in P3, HR 0.543, p <0.001; and in P4, HR 0.425, p <0.001)
(Table 4).

Discussion

The survival rate of patients with breast cancer has
improved over the past five decades [8, 9]. The age-stand-
ardized 5-year relative survival rate for American patients
with breast cancer who were diagnosed from 2003 to 2009
was 89.2%, in the Surveillance, Epidemiology, and End
Results (SEER) database [6]. In the present study, the OS
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Table 1 Clinical characteristics of patients by period

Period p value
1988-1992 1993-1997 1998-2002 2003-2008 Total
N (%) N (%) N (%) N (%)
Age
<35 234 (13.9) 621 (10.9) 1466 (8.5) 2370 (6.6) 4691 < 0.001
35~50 816 (48.5) 2994 (52.4) 8893 (51.7) 18,394 (51.2) 31,097
> 50 632 (37.6) 2096 (36.7) 6860 (39.8) 15,195 (42.2) 24,783
BMI
<18 10 (1.7) 63 (2.4) 204 (1.8) 550 (1.9) 827 0.3655
18~23 245 (42.5) 1141 (44.1) 4957 (43.1) 12,508 (44.0) 18,851
23~25 145(25.2) 617 (23.8) 2772 (24.1) 6776 (23.9) 10,310
> 125 176(30.6) 767 (29.7) 3564 (31.0) 8565 (30.2) 13,072
Unknown 1106 3123 5722 7560 17,511
Operation method
BCS 106 (6.3) 1025 (18.2) 5093 (29.8) 16,662 (46.8) 2,2886 < 0.001
Mastectomy 1569 (93.7) 4613 (81.8) 11,984 (70.2) 18,972 (53.2) 37,138
Unknown 7 73 142 325 547
T stage
T1 483 (29.3) 2018 (35.9) 7077 (41.5) 18,732 (52.9) 28,310 < 0.001
T2 939 (56.9) 2927 (52.0) 8406 (49.3) 14,314 (40.4) 26,586
T3 and T4 228 (13.8) 678 (12.1) 1578 (9.2) 2380 (6.7) 4864
Unknown 32 88 158 533 811
Nodal status
NO 615 (48.8) 2391 (53.0) 7561 (54.5) 21,154 (59.7) 31,721 < 0.001
N1 290 (23.0) 1112 (24.6) 3514 (25.3) 8493 (24.0) 13,409
N2 165 (13.1) 510 (11.3) 1542 (11.1) 3296 (9.3) 5513
N3 191 (15.1) 502 (11.1) 1264 (9.1) 2501 (7.0) 4458
Unknown 421 1196 3338 515 5470
Stage
I 322 (19.5) 1390 (24.7) 4988 (29.3) 13,585 (38.7) 20,285 < 0.001
II 973 (59.1) 3294 (58.5) 9516 (55.8) 14,932 (42.6) 28,715
111 292 (17.7) 806 (14.3) 2214 (13.0) 6005 (17.1) 9317
v 61 (3.7) 141 (2.5) 331(1.9) 547 (1.6) 1080
Unknown 24 80 170 890 1174
Histological grade
1 87 (23.3) 448 (16.0) 1444 (12.8) 4310 (15.0) 6289 < 0.001
2 181 (48.4) 1365 (48.3) 5217 (46.3) 12,664 (44.2) 19,427
3 106 (28.3) 1006 (35.7) 4599 (40.9) 11,720 (40.8) 17,431
Unknown 1308 2892 5959 7265 17,424
Nuclear grade
1 84 (37.0) 358 (19.0) 1490 (18.5) 2569 (10.3) 4501 < 0.001
2 103 (45.4) 1020 (54.3) 3975 (49.2) 11,776 (47.1) 16,874
3 40 (17.6) 502 (26.7) 2613 (32.3) 10,661 (42.6) 13,816
Unknown 1455 3831 9141 10,953 25,380
Lymphovascular invasion
Negative 21 (38.2) 469 (64.5) 4461 (63.4) 15,843 (62.5) 20,794 0.0008
Positive 34 (61.8) 258 (35.5) 2579 (36.6) 9489 (37.5) 12,360
Unknown 1627 4894 10,179 10,627 27,417
Estrogen receptor
No 344 (53.5) 1515 (49.1) 5630 (42.3) 12,199 (37.8) 19,688 < 0.001
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Table 1 (continued)
Period p value
1988-1992 1993-1997 1998-2002 2003-2008 Total
N (%) N (%) N (%) N (%)
Yes 299 (46.5) 1572 (50.9) 7673 (57.7) 20,067 (62.2) 29,611
Unknown 1039 2624 3916 3693 11,272
Progesterone receptor
No 172 (46.6) 1329 (43.2) 6574 (49.6) 13,850 (43.0) 21,925 < 0.001
Yes 197 (53.4) 1747 (56.8) 6686 (50.4) 18,382 (57.0) 27,012
Unknown 1313 2635 3959 3727 11,634
HER?2 (IHC)
Negative 6 (100.0) 226 (86.6) 7711 (714.7) 24,034 (80.5) 31,977 < 0.001
Positive 0(0) 35(13.4) 2616 (25.3) 5825 (19.5) 8476
Unknown 1676 5450 6892 6100 20,118
Radiotherapy
No 450 (70.8) 2029 (69.4) 6963 (56.3) 11,576 (41.8) 21,018 < 0.001
Yes 186 (29.2) 896 (30.6) 5415 (43.7) 16,107 (58.2) 22,604
Unknown 1046 2786 4841 8276 16,949
Chemotherapy
No 138 (15.6) 896 (26.4) 2241 (17.2) 5549 (18.7) 8824 < 0.001
Yes 749 (84.4) 2501 (73.6) 10,760 (82.8) 24,039 (81.3) 38,049
Unknown 795 2314 4218 6371 13,698
Hormonal therapy
No 308 (47.9) 1233 (39.8) 3877 (32.2) 8100 (30.4) 13,518 < 0.001
Yes 335 (52.1) 1862 (60.2) 8152 (67.8) 18,518 (69.6) 28,867
Unknown 1039 2616 5190 9341 18,186
Chemotherapy regimen
CMF 531 (83.6) 1021 (67.9) 3572 (40.6) 4904 (23.9) 10,028 < 0.001
Anthracycline-based 98 (15.4) 399 (26.5) 3848 (43.8) 8658 (42.1) 13,003
Anthracycline- and taxane-based 2(0.3) 30 (2.0) 1186 (13.5) 6306 (30.7) 7524
Others 4(0.6) 54 (3.6) 184 (2.1) 676 (3.3) 918
Unknown 114 997 1970 3495 6576
Anti-hormonal therapy agent
Al 1(0.1) 2(0.1) 169 (2.2) 2356 (14.2) 2528 < 0.001
SERM 324 (99.9) 1764 (99.8) 7640 (97.4) 13,097 (79.0) 22,845
SERM + LHRH analogue 0(0) 2(0.1) 36 (0.4) 1119 (6.8) 1157
Unknown 10 94 307 1946 2357
Total 1682 5711 17,219 35,959 60,571

rate of patients with breast cancer, from 2003 to 2008,
was 92.2%, which is also a significant improvement from
previous periods.

What factors are responsible for recent improvements in
survival rates? Until now, it was thought that the survival
rate improvements were caused by an increase in the propor-
tion of early-stage cancer detection and the application of
newly developed chemotherapies and endocrine therapies
[2]. Our study also showed that the proportion (38.7%) of
patients diagnosed with early-stage (stage I) cancer after
2003 increased, compared to the previous period (p <0.001)
(Table 1). This was possible because of the development

of early detection of cancer systems, such as opportunistic
screening, in Korea [7].

In addition, the survival rate increased through the devel-
opment of and changes in treatment methods. The adminis-
tration of adjuvant chemotherapy has been associated with
better prognoses in previous studies [3, 10, 11]. Henderson
et al. reported that the addition of paclitaxel to AC (Adria-
mycin + cyclophosphamide) reduced the recurrence risk by
17% (p=0.001) and the risk of death by 18% (»p =0.010).
In patients who were treated with only AC, the 5-year DFS
was 65% and the 5-year OS was 77%. However, when AC
was combined with paclitaxel B, the 5-year DFS increased to
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Survival

05
04
03
- period
g Log rank p<0.001 — 1988-1992
a4 ---- 1993-1997
2 ---1998-2002
i —- 2003-2008

0 1 2 3 4 5 6 7 8 9 10 11
Follow-up time in years

Fig. 1 Cumulative observed survival stratified by period

70% and the 5-year OS increased to 80% [12]. In our study,
we did not identify the therapies that led to the increased
survival rates, but the main opinion is that survival rates
have increased, in general, with the development of adju-
vant chemotherapy. Although CMF (cyclophosphamide,
methotrexate, and fluorouracil) was mainly used during P1
(83.6%), this therapy gradually decreased in usage towards
P4 (23.9%), and new medicines, such as taxane and anthra-
cycline, began to be used in the 2000s [anthracycline- and
taxane-based P1(0.3%) vs. P4 (30.7%)]. In addition to adju-
vant chemotherapy, one of other factors that affected the
survival of patients with breast cancer patients was anti-
hormone therapy. Previously, tamoxifen was the anti-hor-
monal agent that was primarily used for patients with breast
cancer. Around 2003, significant changes were observed
in the use of aromatase inhibitors and/or LHRH agonists.
During P1, only 0.1% of the patients received aromatase
inhibitors, but during P4, at least one of these drugs was
used in 14.2% of patients. Trastuzumab also improved the
survival rate of patients with HER-2-positive breast cancer
[10]; however, we did not include trastuzumab in our analy-
sis, as trastuzumab insurance was not covered by the Korean
National Health Insurance during this study period. In our
study, 46 (0.1%) of the patients received trastuzumab (data
not shown).

The time period, age at diagnosis, and surgical methods
also affected survival, as revealed by the multivariate sur-
vival analysis, in addition to changes in treatment methods.
Previous studies have also shown that the time of diagnosis
affects survival. Ahn et al. found that the time period played
an important role in improving the survival rate of Korean
patients with breast cancer [13]. Hideo Shigematsu et al. also
found that the time period was a significant prognostic factor
that affected survival in the multivariate analysis, and sur-
vival durations have been recently prolonged [14]. Similar to

@ Springer

Table 2 Univariate cox proportional hazards model

Parameter Hazard ratio 95% hazard ratio p value
confidence

Period

88~92 1 0.736-0.872

93~97 0.801 < 0.001

98~02 0.589 0.543-0.638 < 0.001

03~08 0.366 0.337-0.397 < 0.001
Age

35~50 1

<35 2.093 1.804-2.429 < 0.001

> 50 1.633 1.473-1.809 < 0.001
BMI

18~23 1

<18 1.374 1.079-1.749 0.010

23~25 1.023 0.900-1.161 0.732

> 125 1.248 1.112-1.400 < 0.001
Op method

BCS 1

Mastectomy 2.606 2.476-2.743 < 0.001

Etc 12.765 11.346-14.362 < 0.001
T stage

T1 1

T2 2.179 2.079-2.283 < 0.001

T3, T4 5.967 5.637-6.316 < 0.001
Nodal status

0 1

1 2.033 1.920-2.153 < 0.001

2 3.852 3.618-4.101 < 0.001

3 7.755 7.316-8.220 < 0.001
Stage

1 1

1I 2.058 1.946-2.175 < 0.001

m 3.922 3.689-4.169 < 0.001

v 7.797 7.369-8.249 < 0.001
Histologic grade

1 1

2 2.253 2.034-2.495 < 0.001

3 3.269 2.955-3.616 < 0.001
Nuclear grade

1 1

2 0.964 0.879-1.057 0.434

3 1.449 1.323-1.587 < 0.001
Lymphovascular invasion

Negative 1

Positive 2.520 2.371-2.678 < 0.001
Estrogen receptor

No 1

Yes 0.574 0.549-0.600 < 0.001
Progesterone receptor

No 1

Yes 0.564 0.539-0.591 < 0.001
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Table 2 (continued) Table 3 Multivariate Cox proportional hazards model
Parameter Hazard ratio 95% hazard ratio p value Parameter Hazard ratio 95% hazard ratio  p value
confidence confidence
HER2 (IHC) Period
Negative 1 88~92 1
Positive 1.496 1.410-1.588 <0.001 93~97 0.909 0.830-0.996 0.041
Radiotherapy 98~02 0.717 0.654-0.786 <0.001
No 1 03~08 0.514 0.465-0.568 < 0.001
Yes 0.851 0.812-0.892 < 0.001 Age
Chemotherapy 35~50 1
No | <35 1.673 1.435-1.951 <0.001
Yes 1.404 1.319-1.494 < 0.001 > 50 1.493 1.335-1.668 < 0.001
Hormonal therapy BMI
No | 18~23 1
Yes 0.681 0.649-0.714 <0.001 <18 1.339 1.048-1.711 0.020
23~25 0.942 0.827-1.072 0.366
> 25 0.957 0.848-1.079 0.471
o Op method
deaths per BCS 1
person-year
0.04 Mastectomy 1.364 1.284-1.449 < 0.001
i Etc 4.773 4.182-5.448 < 0.001
’ Stage
0.02 I 1
- II 1.820 1.717-1.929 < 0.001
' I 2.902 2.713-3.104 <0.001
0.00 v 4.870 4.557-5.204 < 0.001
201 s Histologic grade
~——~—"" period
1 1
— 1988-1992
-0.02 -~ 1993-1997 2 1.542 1.391-1.709 < 0.001
-~ 1998-2002
i —- 2003-2008 3 1.848 1.666-2.051 < 0.001
0o 1 2 3 4 5 6 7 8 9 10 11 Nuclear grade
Follow-up time in years 1 1
2 0.964 0.879-1.057 0.434
Fig.2 Excess mortality for patients who were diagnosed from 3 1.449 1.323-1.587 < 0.001
1988 ~2008, by period . .
Lymphovascular invasion
Negative 1
. . . Positive 1.318 1.235-1.406 < 0.001
previous reports, our study also confirmed, in a multivariate
. . . . . Estrogen receptor
analysis, that the time period was a significant prognostic N .
factor that affects the survival of patients with breast cancer ©
. . . . Yes 0.783 0.739-0.830 < 0.001
in Korea. The survival time has been prolonged in recent p .
. . . . . . t
years (Fig. 1), which might be considered a selection bias ;)ges erone feeep Olr
because of the development of new therapies and earlier ©
. . . . Yes 0.788 0.744-0.834 < 0.001
breast cancer discovery through extensive screening, despite HER2 (THC)
the multivariate analysis. However, prolonged survival may )
. - . . Negative 1
be associated with income level increases and improvements .
c e . . Positive 1.054 0.992-1.120 0.090
in living environments, which were factors that could not be )
Radiotherapy
analyzed. N .
. . . o
The age at diagnosis has also been considered as a fac-
. . . . Yes 0.888 0.839-0.939 < 0.001
tor that affects the survival of patients with breast cancer in
. . . . Chemotherapy
previous studies. Wingo et al. [15] reported a lower survival N .
. o
rate for women under 25 years of age and Yancik et al. [16]
Yes 0.818 0.764-0.877 < 0.001

reported a lower survival rate for women over 55 years of
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Table 3 (continued)

Parameter Hazard ratio 95% hazard ratio  p value
confidence
Hormonal therapy
No 1
Yes 0.885 0.836-0.936 < 0.001

age, indicating that age at diagnosis also affects survival
and recurrence. Since there have been no screening tests
for women under 40 years of age, breast cancer in younger
patients could be more aggressive. Furthermore, endocrine
therapy is important for patients with hormone receptor-pos-
itive breast cancer. Younger patients with breast cancer may
refuse endocrine therapy due to concerns about family plan-
ning, decreased sexual function, and menopausal symptoms.
These observations agree with our findings, as younger
patients with breast cancer were diagnosed with more
advanced cancer and aggressive biology than older patients
(data not shown). Furthermore, in our study, the multivariate
analysis showed that young patient age was associated with
an increased risk of death, and young age was found to be
a poor prognostic factor across all four periods. However,

the risk has gradually decreased over time, from P1 to P4.
Compared to the 35-50 years of age group, the risk of death
was higher for patients under 35 years of age. The HR at P1
was 0.739 (p=0.007), at P2 was 0.744 (p <0.001), at P3 was
0.886 (p=0.041), and at P4 was 0.983 (p=0.813) (Table 4).
This was due to the fact that patients and medical staff have
changed their perceptions, due to the availability of active
treatments for patients with early-stage breast cancer at diag-
nosis, and the development of new treatment methods. Yoon
et al. reported that the DFS of young patients with hormone
receptor-positive and HER2-negative tumors improved
significantly over time (p =0.032) [17]. They reported that
young patients with hormone receptor-positive breast can-
cer have experienced recent survival improvements using
tamoxifen and ovarian suppression.

The survival rate of patients with breast cancer has not
been significantly affected by differences in surgical meth-
ods. Prior to the 1980s, mastectomy was performed primar-
ily when surgical treatment was needed for patients with
breast cancer. In the 1980s, randomized controlled clini-
cal trials were performed that combined BCS with radio-
therapy for the topical treatment of early breast cancer, and
such regimens showed survival rates that were similar to
non-radiation mastectomy [18, 19]. Some recent studies

Table 4 Variable interactions

. Variable Contrast estimation and testing results by row p value
by period
Estimate of HR 95% confidence limits

Period 88~92

Age <35 versus 35~50 0.739 0.593-0.922 0.007

Age < 35 versus > 50 1.602 1.305-1.967 < 0.001

Age 35~50 versus > 50 1.884 1.651-2.149 < 0.001
Period 93~97

Age <35 versus 35~50 0.744 0.645-0.857 < 0.001

Age < 35 versus > 50 1.063 0.916-1.233 0.424

Age 35~50 versus > 50 1.759 1.594-1.942 < 0.001
Period 98 ~02

Age < 35 versus 35~50 0.886 0.788-0.995 0.041

Age < 35 versus > 50 1.008 0.901-1.128 0.886

Age 35~50 versus > 50 1.648 1.537-1.766 < 0.001
Period 03 ~08

Age < 35 versus 35~50 0.983 0.849-1.136 0.813

Age < 35 versus > 50 0.859 0.777-0.950 0.003

Age 35~50 versus > 50 1.642 1.552-1.739 < 0.001
Period 88 ~92

Mastectomy versus BCS 0.957 0.695-1.319 0.790
Period 93 ~97

Mastectomy versus BCS 0.542 0.470-0.625 < 0.001
Period 98 ~02

Mastectomy versus BCS 0.543 0.499-0.591 < 0.001
Period 03 ~08

Mastectomy versus BCS 0.425 0.400-0.451 < 0.001
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have also shown that BCS and radiotherapy are associated
with improved survival, compared to mastectomy [20-22].
Maaren et al. provided clear evidence that BCS and radio-
therapy were associated with improved OS in patients with
early breast cancer [23]. In our study, BCS was found to be
prognostic factor, rather than mastectomy, in comparison
with the other adjusted factors in the multivariate analy-
sis (Table 3). Through comparing these factors with time
periods, only the BCS survival rate showed recent improve-
ments. The risk of mastectomy and BCS was no different
between the two groups at P1 (HR 0.957, p=0.790), but at
P2 and after, the risk of death for BCS was reduced, com-
pared to that for mastectomy. Finally, in P4, BCS had a sta-
tistically significant lower risk of death than mastectomy (in
P2, HR 0.542, p <0.001; in P3, HR 0.543, p <0.001; and
in P4, HR 0.425, p <0.001) (Table 4). The survival rate of
patients treated with BCS plus radiotherapy was found to
be better than that of patients who underwent mastectomy,
which could be explained by advances in cancer diagnosis,
surgical treatment, and radiation therapy in the last 30 years.
Onitilo et al. reported that the survival rates of BCS without
radiotherapy and mastectomy were similar, but the survival
rate of patients who underwent BCS plus radiotherapy was
better than that of patients who underwent mastectomy [22].
In addition, patients who underwent mastectomy had a wider
surgical site than BCS, which leads to more tissue inflam-
mation and consequent increased inflammatory cytokines.
This promotes tumorigenesis and increases the likelihood of
cancer recurrence [24].

Our study has some limitations that should be consid-
ered when interpreting our results. There is a likelihood of
referral and screening biases that are commonly encountered
in retrospective, observational cohort studies. In addition,
biases due to the rapid increase in the number of patients in
the P4 period and the change to lower cancer stages could
have affected survival outcomes. Additionally, we speculate
that differences in the follow-up durations between the inves-
tigated periods might be another limitation; therefore, we
adjusted the follow-up period to 72 months (median follow-
up duration of patients diagnosed in P4), and similar results
were obtained (OS p <0.001, data not shown).

In conclusion, we have provided important evidence
of factors that have increased the survival rate of Korean
patients with breast cancer over the past 21 years. In addi-
tion, we provided new insights into the effects of age and
surgery methods on prognosis in each period.
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