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Abstract: Although the organ preservation strategy by breast-conserving surgery (BCS) followed by
radiation therapy (BCT) has revolutionized the treatment approach of early stage breast cancer (BC),
the choice between treatment options in this setting can still vary according to patient preferences.
The aim of the present study was to compare the oncological outcome of mastectomy versus
breast-conserving therapy in patients treated in a modern clinical setting outside of clinical trials.
7565 women diagnosed with early invasive BC (pT1/2pN0/1) between 1998 and 2014 were included
in this study (median follow-up: 95.2 months). In order to reduce selection bias and confounding,
a subgroup analysis of a matched 1:1 case-control cohort consisting of 1802 patients was performed
(median follow-up 109.4 months). After adjusting for age, tumor characteristics and therapies,
multivariable analysis for local recurrence-free survival identified BCT as an independent predictor
for improved local control (hazard ratio [HR]:1.517; 95%confidence interval:1.092-2.108, p = 0.013)
as compared to mastectomy alone in the matched cohort. Ten-year cumulative incidence (CI) of
lymph node recurrences was 2.0% following BCT, compared to 5.8% in patients receiving mastectomy
(p < 0.001). Similarly, 10-year distant-metastasis-free survival (89.4% vs. 85.5%, p = 0.013) was
impaired in patients undergoing mastectomy alone. This translated into improved survival in
patients treated with BCT (10-year overall survival (OS) estimates 85.3% vs. 79.3%, p < 0.001),
which was also significant on multivariable analysis (p = 0.011). In conclusion, the present study
showed that patients treated with BCS followed by radiotherapy had an improved outcome compared
to radical mastectomy alone. Specifically, local control, distant control, and overall survival were
significantly better using the conservative approach. Thus, as a result of the present study, physicians
should encourage patients to receive BCS with radiotherapy rather than mastectomy, whenever it is
medically feasible and appropriate.
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1. Introduction

In the early 1980s, large randomized studies first proved that breast-conserving surgery (BCS)
followed by postoperative radiotherapy (breast-conserving therapy, BCT) was a valid therapeutic
alternative to radical mastectomy in women with early breast cancer (BC) [1,2]. Nowadays, in this
setting, breast organ preservation by BCT has become the treatment of choice, due to the excellent
outcome and optimal tolerability. Nevertheless, various population-based studies showed that
mastectomy is still considered a concrete treatment option and continues to be chosen by several
patients with BC in daily clinical practice [3-6].

Treatment of early-stage breast cancer can be considered as a preference-sensitive setting,
where decision-making between treatment options can change according to patient preferences [7].
Typical factors able to influence the therapeutic choice in favor of mastectomy include: (i) concerns
regarding cancer recurrence, (ii) perception that health outweighs breast retention [8], or (iii) perceived
consequences of BCT, including potential adverse effects of radiation therapy [7,9]. Moreover, a renewed
interest and trend towards mastectomy has recently emerged, with an increased use of skin-sparing
or nipple-sparing mastectomies with immediate breast reconstruction [10-12]. This treatment strategy
provides superior aesthetic and quality-of-life outcomes when compared to radical mastectomy:.
Nevertheless, long-term oncologic outcomes of these new surgical approaches are currently not
provided and only retrospective studies were available as evidence. Moreover, the demand for more
radical surgical therapies has recently gained wide public attention, as prophylactic mastectomy in
BRCA gene mutation positive celebrities attracted notable media interest [13]. The prominence of this
issue in the media might also have influenced oncologic patient’s preferences regarding their choice of
surgical management. In fact, shared decision-making in daily clinical practice is strongly influenced by
a number of confounding factors, including clinician preferences and trade-offs regarding toxicity risks
or comorbidities [14].

BC management has changed dramatically over time, and local recurrence rates after BCT
have decreased significantly [15]. The impact of mammography screening in downward stage
migration resulted in smaller tumor sizes and less extensive nodal involvement and is accompanied
by improvements in adjuvant treatments, tailored to disease biology.

Therefore, the aim of the present study was to compare the oncological outcome of mastectomy
versus breast-conserving therapy in patients treated in “real life”, in a modern clinical setting outside
of clinical trials.

2. Results

2.1. Baseline Patient Characteristics

The final study cohort consisted of 7565 women and the subgroup analysis of the matched cohort
included 1802 patients. Patient and treatment characteristics for both cohorts are summarized in
Table 1. Overall, 84.8% (6412/7565) of patients were treated with BCS and postoperative RT, while
15.2% (1153/7565) a received mastectomy. A significant decrease of mastectomy was documented over
time. While in 1998 approximately 21% of patients received a mastectomy, the proportion decreased to
12% in 2014.

Patients treated with BCT were significantly younger, with a median age at diagnosis of 58.2 years
in the BCT group, as compared to 59.3 years in the mastectomy group (p < 0.001). Furthermore, patients
treated with mastectomy presented with more high-risk features such as tumor size >20 mm (43.1%),
positive lymph nodes (31.4%), high tumor grade (27.3%) and negative hormone receptor status (12.0%)
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than patients receiving BCT. Moreover, mastectomy patients received less adjuvant endocrine therapy
(52.0% vs. 43.5%, p < 0.001). In the matched cohort, we controlled for all these imbalances.

Table 1. Patient and tumor characteristics for the entire cohort and the case control cohort.

Entire Cohort (1 = 7565) Case Control Cohort (1 = 1802)
Variable BCS + RT Mastectomy p-Value BCS + RT Mastectomy p-Value
n (%) * n (%) * n (%) * n (%) *
All 6412 (84.8) 1153 (15.2) 929 (50.0) 929 (50.0)
Age at diagnosis <0.001 ns.
<40 years 353 (5.5) 102 (8.8) 68 (7.5) 62 (6.9)
40-49 years 1193 (18.6) 221 (19.2) 201 (22.3) 184 (20.4)
50-59 years 1880 (29.3) 282 (24.5) 241 (26.7) 234 (26.0)
60-69 years 2043 (31.9) 258 (22.4) 215 (23.9) 225 (25.0)
>70 years 943 (14.7) 290 (25.2) 176 (19.5) 196 (21.8)
median (years) 58.2 59.3 58.6 58.8
Lateralisation 0.007 n.s.
right 3181 (49.6) 522 (45.3) 414 (45.9) 414 (45.9)
left 3231 (50.4) 631 (54.7) 487 (54.1) 487 (54.1)
Tumour size <0.001 n.s.
pT1 4790 (74.7) 656 (56.9) 514 (57.0) 514 (57.0)
p12 1622 (25.3) 497 (43.1) 387 (43.0) 387 (43.0)
Nodal status <0.001 n.s.
pNO 4904 (76.5) 791 (68.6) 646 (71.7) 646 (71.7)
pN+ (1-3LN) 1508 (23.5) 362 (31.4) 255 (28.3) 255 (28.3)
Tumor stage <0.001 n.s.
T1NO 3860 (60.2) 492 (42.7) 395 (43.8) 395 (43.8)
T2NO 1044 (16.3) 299 (25.9) 251 (27.9) 251 (27.9)
TIN1 930 (14.5) 164 (14.2) 119 (13.2) 119 (13.2)
T2N1 578 9.0 198 (17.2) 136 (15.1) 136 (15.1)
Resection status n.s. n.s.
RO 5769 (98.1) 922 (98.2) 812 (98.5) 740 (98.5)
R1/R2 112 (1.9 17 (1.8) 12 (1.5) 11 (1.5)
[unknown] 531 (8.2) 214 (18.5) 77 (8.5) 150 (16.6)
Grade <0.001 n.s.
G1 1248 (19.9) 98 9.1) 77 (8.5) 77 (8.5)
G2 3610 (57.6) 684 (63.6) 599 (66.5) 599 (66.5)
G3/4 1411 (22.5) 294 (27.3) 225 (25.0) 225 (25.0)
[unknown] 143 [2.3] 77 [6.6]
Hormone receptor
positive 5674 (90.2) 986 (88.0) 0.038 83 9.2) 83 9.2) n.s.
negative 613 (9.8) 135 (12.0) 818 (90.8) 818 (90.8)
[unknown] 125 [1.9] 32 [2.7]
Chemotherapy ns. ns.
no 4581 (71.4) 855 (74.2) 660 (73.3) 660 (73.3)
yes 1831 (28.6) 298 (25.8) 241 (26.7) 241 (26.7)
Endocrine therapy <0.001 ns.
no 3076 (48.0) 651 (56.5) 485 (53.8) 485 (53.8)
yes 3336 (52.0) 502 (43.5) 416 (46.2) 416 (46.2)

* Percentages of the presented subcategories are related to the sum of each item with available data; missing values
are not taken into account. Hormone receptor positive: estrogen and/or progesterone positive (>1%). BCS: breast
conserving surgery, RT: radiotherapy, n.s.: not significant.

2.2. Outcome

The median follow-up for the entire cohort was 95.2 months (95%CI: 92.5-97.9) and 109.4 months
(95% CI: 104.3-114.5) for the matched cohort. Of the 7565 BC patients, 521 (6.9%) developed local
recurrences, 160 (2.1%) lymph node recurrences, and 607 (8.0%) distant metastases.

The cumulative incidence of local recurrence (LR) for the BCT group was 3.2% after 5 years and
8.2% after 10 years. In contrast, the mastectomy group had significantly higher local failure rates with
5.0% 5-year LR and 12.6% 10-year LR rates, respectively (p < 0.001, Table 2).
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Table 2. Cumulative incidence of local recurrences (LR) and lymph node recurrences (LNR) and
Kaplan-Meier estimates of distant recurrence-free survival (DRFS) and overall survival (OS) for
patients of the different cohorts. BCS + RT: breast-conserving surgery with postoperative radiotherapy;
Mastectomy: mastectomy without radiotherapy; y: years.

Entire Cohort Case Control Cohort
. Diagnosis 1998-2014 Diagnosis 1998-2014
Outcome Treatment Modality 7565 Patients 1802 Patients
5y (%) 10y (%) P 5y (%) 10y (%) P
LR <0.001 0.025
BCS + RT 32 8.2 4.6 9.4
Mastectomy 5.0 12.6 4.8 12.9
LNR <0.001 <0.001
BCS + RT 0.9 22 0.7 2.0
Mastectomy 2.6 57 2.5 5.8
DRES <0.001 0.013
BCS + RT 94.5 90.2 93.8 89.4
Mastectomy 92.0 84.8 93.1 85.5
0os <0.001 <0.001
BCS + RT 95.2 86.7 93.8 85.3
Mastectomy 90.5 77.6 92.2 79.3

Multivariable Cox analysis for local recurrence-free survival identified mastectomy (hazard ratio
[HR], 1.476; 95% confidence interval [CI], 1.164-1.872, p < 0.001) as a significant predictor for local
failure. Table 3 summarizes other classic prognostic risk factors that had a significant impact on LR
risk at multivariable analysis, including young age <40 years (p < 0.001), higher tumor stage (p < 0.001),
high tumor grade (p < 0.001) and negative hormone receptor status (p = 0.012). In the matched cohort,
type of local treatment, age at diagnosis, and tumors stage confirmed their significant impact on LR
risk estimates.

Table 3. Multivariable Cox regression analysis for local recurrence free survival.

Entire Cohort (1 = 7565) Case Control Cohort (1 = 1802)
Local Recurrence Free Survival Local Recurrence Free Survival
Variable : :
Haza;;iRRatlo 95% CI p-Value Hazalr{dRRatlo 95% CI p-Value
Local therapy <0.001 0.013
BCS + RT 1 1
Mastectomy 1476 1.164-1.872 1.517 1.092-2.108
Age at diagnosis <0.001 <0.001
<40 years 1 1
4049 years 0.931 0.671-1.291 0.802 0.475-1.353
50-59 years 0.521 0.370-0.732 0.309 0.172-0.554
60-69 years 0.393 0.274-0.565 0.360 0.199-0.651
>70 years 0.357 0.228-0.561 0.168 0.075-0.379
Tumour stage <0.001 0.020
TINO 1 1
T2NO 1.177 0.899-1.541 0.916 0.584-1.434
TIN1 1.147 0.855-1.538 1.014 0.601-1.712
T2N1 2.091 1.565-2.795 1.969 1.204-3.220
Resection status 0.604 0.330
RO 1 1
R1/R2 0.808 0.360-1.812 1.773 0.560-5.618
Grade <0.001 0.320
G1 1 1
G2 2.063 1.438-2.959 1.719 0.821-3.599

G3/4 2415 1.619-3.601 1.526 0.676-3.444
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Table 3. Cont.

Entire Cohort (n = 7565) Case Control Cohort (1 = 1802)
Local Recurrence Free Survival Local Recurrence Free Survival
Variable - -
Haza]l:;iRRatlo 95% CI p-Value Hazalr_;iRRatlo 95% CI p-Value
Hormone receptor 0.012 0.104
positive 1 1
negative 1.466 1.087-1.975 1.575 0.911-2.721
Chemotherapy 0.402 0.462
yes 1 1
no 1.110 0.870-1.417 1.172 0.768-1.789
Endocrine therapy 0.382 0.955
yes 1 1
no 0.808 0.360-1.812 1.010 0.706-1.447

Similarly, lymph node recurrences (LNR) were more frequent in patients undergoing mastectomy
only. The cumulative incidence of LNR at 5 and 10 years in the BCT group were 0.9% and 2.2%,
respectively, compared to 2.6% and 5.7% in patients receiving mastectomy (p < 0.001). This observation
was still significant on multivariable analysis. Type of local therapy (mastectomy HR 2.442; 95% CI,
1.675-3.560, p < 0.001), higher tumor stage (p = 0.006) and high tumor grade (p < 0.001) did significantly
affect the risk of LNR. Focusing on the impact of the type of local treatment in the matched cohort,
mastectomy was also correlated with an increased rate of LNR (HR 1.517; 95% CI, 1.092-2.108, p = 0.013,
Table 4).

Table 4. Multivariable Cox regression analysis for lymph node recurrence-free survival (LNRFS).

Entire Cohort (n = 7565) Case Control Cohort (1 = 1802)
Variabl Lymph Node Recurrence-Free Survival (LNRFS) Lymph Node Recurrence-Free Survival (LNRFS)
ariable
Hazalr_;:lRRatlo 95% CI p-Value HazaIr_;iRRatlo 95% CI p-Value
Local therapy <0.001 0.013
BCS + RT 1 1
Mastectomy 2.442 1.675-3.560 1.517 1.092-2.108
Age at diagnosis 0.025 0.030
<40 years 1 1
40-49 years 1.795 0.857-3.762 1.758 0.576-5.361
50-59 years 1.143 0.539-2.423 0.715 0.215-2.376
60-69 years 1.399 0.661-2.960 0.871 0.262-2.890
>70 years 0.603 0.238-1.526 0.286 0.058-1.411
Tumor stage 0.006 0.331
TINO 1 1
T2NO 1.754 1.130-2.724 1.175 0.535-2.584
TIN1 1.274 0.749-2.168 1.433 0.593-3.463
T2N1 2.300 1.383-3.825 2.186 0.931-5.134
Resection status 0.366
RO 1 1
R1/R2 0.403 0.056-2.888 NA *
Grade <0.001 0.082
Gl 1 1
G2 1.451 0.755-2.787 1.121 0.327-3.840
G3 3.651 1.841-7.242 2284 0.623-8.371
Hormone receptor 0.120 0.973
positive 1 1
negative 1.523 0.897-2.586 0.982 0.342-2.819
Chemotherapy 0.221 0.593
yes 1 1
no 1.303 0.853-1.990 1.223 0.585-2.557
Endocrine therapy 0.193 0.702
yes 1 1
no 0.770 0.520-1.141 0.885 0.475-1.652

* NA: not applicable, HR not estimable because no event in the R1/2 group.
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Ten-year distant metastasis-free survival (DMFS) in the entire cohort was statistically different in
the univariate analysis—with 90.2% DMFS in the BCT group, compared to 84.8% in the mastectomy
group (p < 0.001). This was also seen in a comparable magnitude in the matched cohort (p = 0.013).
Overall, patients treated with postoperative radiotherapy after BCS showed improved distant control,
independent from other covariates in multivariable Cox regression analysis (mastectomy HR 1.257;
95% CI, 1.006-1.570, p = 0.044). Other factors correlated with poor DMFS in this cohort were advanced
tumor stage (p < 0.001), high tumor grade (p < 0.001) and negative hormone receptor status (p = 0.050).
Also in the matched cohort, the positive effect of BCT on DMFS was observed (p = 0.008, Table 5).

Table 5. Multivariable Cox regression analysis for distant metastasis free survival.

Entire Cohort (n = 7565) Case Control Cohort (n = 1802)
Distant Metastasis Free Survival Distant Metastasis Free Survival
Variable (DMEFS) (DMFS)
Haza;;iRRatlo 95% CI p-Value HazaITRRatlo 95% CI p-Value
Local therapy 0.044 0.008
BCS + RT 1 1
Mastectomy 1.257 1.006-1.570 1.537 1.121-2.107
Age at diagnosis 0.677 0.053
<40 years 1 1
4049 years 0.860 0.608-1.216 0.600 0.351-1.027
50-59 years 0.826 0.592-1.153 0.497 0.292-0.845
60-69 years 0.785 0.556-1.106 0.437 0.246-0.777
>70 years 0.891 0.601-1.321 0.592 0.314-1.118
Tumor stage <0.001 0.001
TINO 1 1
T2NO 1.895 1.489-2.411 1.258 0.820-1.932
TIN1 1.577 1.196-2.080 1.520 0.933-2.477
T2N1 3.755 2.930-4.812 2.516 1.608-3.936
Resection status 0.209 0.587
RO 1 1
R1/R2 1.445 0.813-2.568 1.377 0.435-4.364
Grade <0.001
Gl 0.215 0.141-0.327 NA *
G2 0.514 0.421-0.629 NA
G3 1 1
Hormone receptor 0.050 0.706
positive 1 1
negative 1.327 1.000-2.586 1.110 0.646-1.907
Chemotherapy 0.656 0.517
yes 1 1
no 0.951 0.762-1.186 0.874 0.583-1.312
Endocrine therapy 0.013 0.174
yes 1 1
no 0.770 0.627-0.946 0.782 0.549-1.114

* NA: not applicable, HR not estimable because no event in the R1/2 group.

Among patients treated with BCS plus RT, 10-year OS estimates were 86.7%, and for those treated
with mastectomy 77.6% (p < 0.001). In multivariable Cox regression analysis, the use of mastectomy was
again independently associated with less favorable outcome, with an HR of 1.268 (95% CI, 1.055-1.525,
p = 0.011). Further risk factors correlated with poor OS in this cohort were older age (p < 0.001),
advanced tumor stage (p < 0.001), and high tumor grade (p < 0.001). This effect could be confirmed in
multivariable analysis for the matched cohort, where type of local treatment (mastectomy HR 1.452;
95% CI, 1.124-1.875, p = 0.004, Table 6), older age (p < 0.001), advanced tumor stage (p < 0.001), and high
tumor grade (p = 0.033) were independent risk factors.
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Table 6. Multivariable Cox regression analysis for overall survival.

Entire Cohort (n = 7565) Case Control Cohort (n = 1802)
Overall Survival (OS) Overall Survival (OS)
Variable : :
HazagiRRatlo 95% CI p-Value HazaIr_;iRRatlo 95% CI p-Value
Local therapy 0.011 0.004
BCS + RT 1 1
Mastectomy 1.268 1.055-1.525 1.452 1.124-1.875
Age at diagnosis <0.001 <0.001
<40 years 1 1
4049 years 1.011 0.674-1.517 0.439 0.240-0.804
50-59 years 1.273 0.870-1.861 0.599 0.346-1.038
60-69 years 1.757 1.203-2.565 0.854 0.494-1.476
>70 years 4.552 3.089-6.710 2.335 1.342-4.065
Tumor stage <0.001 <0.001
TINO 1 1
T2NO 1.763 1.446-2.150 1.633 1.175-2.270
TIN1 1.529 1.214-1.925 1.375 0.887-2.130
T2N1 2.892 2.337-3.580 2.589 1.786-3.753
Resection status 0.608 0.712
RO 1 1
R1/R2 1.144 0.685-1.911 1.184 0.484-2.896
Grade <0.001 0.033
Gl 1 1
G2 1.406 1.100-1.798 1.968 1.028-3.768
G3 2.165 1.645-2.848 2.432 1.227-4.820
Hormone receptor 0.076 0.606
positive 1 1
negative 1.254 0.986-1.612 1.135 0.702-1.834
Chemotherapy 0.481 0.708
yes 1 1
no 1.075 0.880-1.313 1.075 0.736-1.570
Endocrine therapy 0.662 0.709
yes 1 1
no 1.039 0.876-1.232 0.946 0.708-1.26

3. Discussion

The present study showed that patients treated with BCS followed by radiotherapy (RT) in a
population reflecting “real life” in this clinical setting, had an improved outcome regarding local control,
distant control, and overall survival compared to those who underwent a mastectomy. These findings
were also confirmed in the matched cohort after adjusting for confounders.

The results presented here are in line with those of other studies investigating the same clinical
setting. A population-based analysis of van Maaren et al. [4] of 37,207 breast cancer patients treated in
the Netherlands between 01/2000 and 12/2004 obtained similar results. BCS was associated with a
significantly improved 10-year overall survival (HR 0.81, 95% CI: 0.78-0.85, p < 0.0001). Furthermore, in
a representative cohort of patients diagnosed in 2003, BCT had a significant impact on relative survival
(HR 0.76, 95% CI: 0.64-0.91, p = 0.003). In contrast to the present analysis, distant metastasis-free
survival (HR 0.88, 95% CI: 0.77-1.01, p = 0.070) was not significantly different in the Dutch cohort, with
exception of the TINO subgroup (HR 0.60, 95% CI: 0.42-0.85, p = 0.004). Yet, in the present analysis,
the occurrence of lymph node metastases and distant metastases were both decreased in patients
treated with breast-conserving surgery and radiotherapy compared to mastectomy.

Although locoregional and distant control rates are lacking in most of the published
experiences [16-19], two studies addressed these issues in a similar BC cohort as in the present
study [20,21]. An analysis of the prospective Swedish Multicenter Cohort Study including 2767 patients
compared BCS with postoperative RT and mastectomy without RT. Similar to the present analysis,
the axillary recurrence-free survival rate at 13 years was significantly reduced after mastectomy without



Cancers 2019, 11, 160 8of 13

irradiation as compared to BCS (98.3% versus 96.2%, p < 0.001) [21]. Moreover, locoregional recurrence
was a strong independent predictor of breast cancer death, (HR: 4.28, 95% CI: 2.55-7.17) and overall
survival (HR: 2.64, 95% CI: 1.66—4.19).

The axillary recurrence rates decrease after BCS with RT in comparison to mastectomy, which may
have different explanations. Of note, in the present study, 23.5% of patients treated in the BCT group
had a positive nodal status with 1-3 involved lymph nodes. While after the AMAROS trial [22],
the debate about the role of regional nodal irradiation continues, results from the ACOSOG Z0011
trial [23] and the IBCSG 23-01 trial [24] demonstrated that patients with low-volume nodal disease who
are treated with BCS and whole breast RT, can safely avoid axillary lymph node dissection without
affecting locoregional control or survival rates [25]. The potential rationale behind this observation is
that radiation originating from whole-breast tangential field RT after BCS could exert some protective
effect on axillary recurrence rates by controlling the minimal residual disease [21]. It is noteworthy,
that the dose to axillary lymph node levels I and II usually is significantly lower than the prescribed
dose and can range from 5% to 80% of the prescribed dose (mean value 48.7%). Even in patients
receiving regional nodal irradiation of 50 Gray (Gy) to the supra-/infraclavicular lymph node levels
(corresponding to levels IV, III and interpectoral lymph nodes), level I receives a reduced dose coverage
of mean 41.3 Gy [26,27]. The potential influence of whole breast irradiation, especially in cases of pN+,
needs further evaluation in randomized studies.

Regarding distant control, in a single center experience of 6137 cases, Wang et al. [20] observed
that patients undergoing BCS plus RT showed a significantly increased 5-year metastasis-free survival
(p < 0.003) and overall survival (p < 0.036) compared with mastectomy. But how could these results be
interpreted? Is RT able to add something more than just improved locoregional control? The EBCTCG
meta-analysis [28] proved a concrete direct relationship between improved local control and favorable
breast cancer specific survival outcome. Nevertheless, the underlying biological mechanisms remain
unclear. The oncological community has generated various hypotheses regarding the heterogeneous
biology of BC and the impact of available treatment options. A commonly accepted hypothesis is
that the addition of RT represents an effective curative treatment for a selected subset of patients who
would otherwise have relapsed locally and subsequently would have developed metastases. The fact
that the survival benefit only occurs in the framework of successful local control, indicates that RT
is involved in events occurring within the treated radiotherapy fields. RT prevents local recurrences
through the successful eradication of residual tumor clones or tumor cell clusters within the breast,
which are not detected at primary diagnosis. Regarding the beneficial effect on distant tumor control,
this interpretation assumes that the metastatic process consists of different waves of cell migration and
metastases with differing invasive properties [29]. Hence, RT appears to have unique biological effects
to prevent early distant dissemination of cancer cells to distant organs. Furthermore, several potential
interactions with the immune system are advocated, including radiation-induced tumor-specific
immunity capable of rejecting the colonizing clonogenic cells [29]. Nevertheless, it remains challenging
to assess the relative contribution of the interactions between systemic and locoregional treatments on
the outcome, as well as that of the individual drugs and RT volumes [15].

The present results of patients treated in a “real life” clinical setting are different from those
reported from historical randomized trials of the 1980s, which described similar survival for BCT
and mastectomy [30,31]. A key to interpreting these different findings could be that the management
of breast cancer has changed considerably over time. Fisher et al. [31] documented a 5-year local
recurrence rate of 7.7% for the BCT group and 14.3% in the twenty-year follow-up of the NSABP
trial B-06. The 5-year and 10-year cumulative incidence of local recurrences in the present analysis
were 3.2% and 8.2%, respectively, suggesting improved local control rates with modern breast cancer
therapy, even in the setting outside of randomized trials. The modern multimodal treatment approach,
including diagnostics, surgery, systemic therapy, and RT procedures, has improved significantly over
the last decades and might explain the survival difference in patients treated with breast-conserving
surgery plus radiotherapy as compared to patients treated with mastectomy. [15] The 10-year overall
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survival was significantly improved for patients receiving BCS plus radiotherapy: 86.7% with BCT
and 77.6% with mastectomy alone (p < 0.001). This difference was also observed in the matched
cohort (p < 0.001). Improved breast cancer specific and overall survival have been found in several
population-based cohorts studies [3,5,32-37]. Regarding early-stage breast cancer, Hwang et al. [32]
analyzed patients diagnosed with stage I or II breast cancer between 1990 and 2004 and reported
improved OS and DSS compared to patients with mastectomy (adjusted hazard ratio for OS entire
cohort = 0.81, 95% CI: 0.80-0.83). A registry-based study in Norway also showed comparable results to
the present analysis [5]. In multivariate analysis, patients who underwent mastectomy for T1-2/N0-1
BC had an adjusted hazard ratio of 1.65 (95% CI: 1.50-1.82) for OS compared to those who underwent
BCT. Similarly, in the present matched cohort, the outcome in terms of OS for patients receiving BCS
plus RT was improved (HR: 1.452, 95%CI: 1.124-1.875). Onitilo et al. [35] also compared BCS + RT
versus mastectomy. While overall survival was similar for BCS alone and mastectomy, BCS plus
radiation was superior compared to mastectomy alone. The authors concluded, that the survival
benefit was not only related to the surgical approach itself but that the addition of adjuvant RT results
in a prognostic advantage of BCS plus radiation over mastectomy [35].

We controlled for all variables available in the registry. Unfortunately, we could not account for
host-related factors like comorbidities, performance status, or clinician- and patient-related preferences,
which may have influenced the clinical treatment decision-making process. It is known that older
patients or patients with comorbidities often receive non-standard treatments. A recent analysis of
7581 early stage BC patients diagnosed in 9 European countries analyzed the influence of comorbidities
on receiving standard treatments and found that mastectomy was mainly given to elderly women and
women with comorbidities [38]. There are several other limitations to effectiveness research due to
unpredictable confounding factors and consequently, misinterpretations of treatment and mortality
effects should be avoided [39]. In fact, the present observational study may suffer from a “confounding
by severity” [40], considering that the severity of the disease (e.g., high-risk factors, tumor biology)
could be a potential confounder influencing the indication for mastectomy. Furthermore, survival
estimates might be affected by non-tumor-related factors such as age or comorbidities, which could
lead to more non-breast cancer deaths. However, we conducted a matched cohort analysis to directly
address these concerns and control for these imbalances. Finally, we want to underline that patients of
the present study were treated at two specialized breast cancer centers, which in general could have
improved outcomes as compared to other settings.

Many previous studies have performed similar analyses with comparable results [4,20,21].
However, a specific characterizing element of the present study is the additional matched case
control analysis. This methodology was not used in previously published experiences, which further
strengthens the evidence that breast-conserving therapy should be the preferred treatment for patients
with early-stage breast cancer when it is medically feasible and appropriate. More specifically, in the
present study, we could show that breast-conserving therapy had improved outcome regarding local
control, distant control and overall survival as compared to mastectomy alone-even in the matched
cohort. Patients were matched regarding a number of variables in order to reduce confounding: 1:1
match for tumor lateralization, tumor size, lymph node status, tumor grade, hormone receptor status,
administration of chemotherapy/endocrine therapy and age match with a tolerance of £2 years for
age at diagnosis. This resulted in a cohort, where for each mastectomy patient an exactly matched
BET patient with exactly the same tumor formula and treatment history was present. Even in this
matched cohort analysis, the effect of the choice of surgical treatment on oncologic outcome remained
statistically significant.

Since many people still believe that mastectomy may be a better choice, we recommend generating
more external validity, such as this retrospective study, in order to gain wide public attention. It is
well known that there are a number of barriers to compliance with treatment recommendations,
including lack of outcome expectancy. If a physician believes that a treatment will not lead to an
improved outcome, he is less likely to follow the treatment recommendations. Another explanation for
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the widespread underuse of treatments that were beneficial in controlled trials could be the lack of
consideration of external validity [14]. In general, we hope that the present study contributes to the
existing evidence regarding the effectiveness of BCS and radiotherapy in this setting.

4. Materials and Methods

For the present analysis, all female patients with a first primary unilateral invasive breast cancer
diagnosed between 1998 and 2014 and treated at two Breast Cancer Centers (Red Cross Hospital or
LMU Munich, Miinchen, Germany) were identified. All data were retrieved from the Munich Cancer
Registry. The cancer registry routinely collects data on patient’s demographics, primary tumor site,
the extent of disease (TNM), histology, treatment, and follow-up. Survival information was obtained
systematically through death certificates of health offices. Patients were considered eligible after
receiving mastectomy without postoperative radiotherapy (RT) or breast-conserving surgery followed
by RT. Patients were excluded if they received neoadjuvant chemotherapy, or in case of histology of
ductal carcinoma in situ (1 = 1.412), lymphoma (1 = 10) or sarcoma (n = 57), or in case of unknown date
of initial diagnosis (e.g., tumors from death certificate information only [DCO], n = 58). Patients were
also excluded if surgery information or pathologic tumor stage was incomplete or missing.

For the present study, women with tumor stages pT1pNO, pT2pNO, pT1pN1 and pT2pN1 (all M0)
were selected. For comparison of the standard BCT and mastectomy approaches, we excluded patients
with tumor stage >pT3 or more than 3 positive lymph nodes (pN2), as postmastectomy RT (PMRT)
would have been routinely recommended in these high-risk patients.

Over the last decades, the use of PMRT was under debate for most intermediate risk patients
with small tumor size and limited nodal disease (1-3 positive lymph nodes). Although previous
studies provided evidence for a possible survival benefit in intermediate-risk patients [41], PMRT was
not uniformly recommended at that time. The standard RT regimen at the Department of Radiation
Oncology of the LMU Munich during the observation period was whole-breast irradiation following
BCS (50.4 Gy in 28 fractions) using a 3-dimensional conformal tangential field technique with a photon
or electron boost of 10-16 Gy to the tumor bed [42].

In order to reduce selection bias and confounding, a subgroup analysis of a matched cohort
was performed. To compare treatment outcomes within a set of similar patients, 1:1 case-control
matching on the following variables was performed: age at diagnosis, tumor lateralization, tumor
size, lymph node status, tumor grade, hormone receptor status, administration of chemotherapy and
endocrine therapy. The Hormone receptor was defined positive if estrogen and/or progesterone were
positive (>1%).

Statistical analyses were conducted using IBM SPSS Statistics version 24.0 (IBM, Amonk, NY,
USA). Frequency data were analyzed using the Chi-Square test. Tolerances values of the case-control
matching were set to 2 years for age at diagnosis and 0 (exact matches) for all other above-mentioned
variables. Cumulative incidence analysis (CI) was used to calculate the time to LR and LNR and
the differences were assessed using the Gray’s test for equality of cumulative incidence functions
and was performed using R environment for statistical computing and visualization (version. 3.4.0).
Distant metastasis-free survival (DMFS) and overall survival (OS) were estimated by the Kaplan-Meier
method and tested using the log-rank test. The observation period began after diagnosis of the invasive
tumor and ended at the date of distant metastasis occurrence or date of death or the last follow-up for
cases without events. In addition, Cox proportional hazards models were used to identify independent
prognostic factors related to local recurrence-free survival (LRFS), lymph node recurrence-free survival
(LNRFS), DMFS and OS for the different cohorts. The significance level in all analyses was set at 5%.

5. Conclusions

In contrast to the highly selected and homogeneous study populations of randomized trials, this
observational analysis included a large patient cohort reflecting “real-life” clinical practice involving a
more diverse population, including elderly patients. A fundamental finding of the present study was
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that patients treated with BCS followed by RT had improved outcome in clinical practice regarding local
control, distant control and overall survival as compared to mastectomy alone. Even if randomized
trials provide the least biased estimates to compare treatments and remain the gold standard of
efficacy research in oncology, observational data should be appreciated when weighing treatment
options for breast cancer surgery. As a result of the present study, it seems advisable to continue to
encourage future patients to receive BCS with RT rather than mastectomy when it is medically feasible
and appropriate.

Author Contributions: Conceptualization, S.C., CM., E.B,, U.G., FA. and C.B.; Data curation, S.C.; Formal
analysis, 5.C. and D.R.; Methodology, S.C., D.R., FA. and M.N.; Project administration, C.B.; Resources, M.B. and
N.H.; Supervision, C.B.; Validation, S.C., D.R,, S.S. and M.N.; Visualization, S.C. and M.P,; Writing—original draft,
S.C.,,D.R, M.P. and S.S.; Writing—review & editing, S.C., D.R, M.P,, S.S.,, M.B,, N.H.,, CM,, EB., U.G,, FA,, M.N.
and C.B.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Fisher, B.; Bauer, M.; Margolese, R.; Poisson, R.; Pilch, Y.; Redmond, C.; Fisher, E.; Wolmark, N.; Deutsch, M.;
Montague, E.; et al. 5-year results of a randomized clinical-trial comparing total mastectomy and segmental
mastectomy with or without radiation in the treatment of breast-cancer. N. Engl. J. Med. 1985, 312, 665-673.
[CrossRef] [PubMed]

2. Veronesi, U.; Zucali, R.; Luini, A. Local-control and survival in early breast-cancer—The Milan Trial. Int. .
Radiat. Oncol. Biol. Phys. 1986, 12, 717-720. [CrossRef]

3. Agarwal, S.; Pappas, L.; Neumayer, L.; Kokeny, K.; Agarwal, ]. Effect of breast conservation therapy vs
mastectomy on disease-specific survival for early-stage breast cancer. JAMA Surg. 2014, 149, 267-274.
[CrossRef] [PubMed]

4.  Van Maaren, M.C.; de Munck, L.; de Bock, G.H.; Jobsen, J.J.; van Dalen, T.; Linn, S.C.; Poortmans, P;
Strobbe, L.J.A.; Siesling, S. 10 year survival after breast-conserving surgery plus radiotherapy compared
with mastectomy in early breast cancer in the Netherlands: A population-based study. Lancet Oncol. 2016, 17,
1158-1170. [CrossRef]

5. Hartmann-Johnsen, O.].; Kéresen, R.; Schlichting, E.; Nygard, J.F. Survival is Better After Breast Conserving
Therapy than Mastectomy for Early Stage Breast Cancer: A Registry-Based Follow-up Study of Norwegian
Women Primary Operated Between 1998 and 2008. Ann. Surg. Oncol. 2015, 22, 3836-3845. [CrossRef]
[PubMed]

6. Corradini, S.; Bauerfeind, I.; Belka, C.; Braun, M.; Combs, S.E.; Eckel, R.; Harbeck, N.; Holzel, D.; Kiechle, M.;
Niyazi, M.; et al. Trends in use and outcome of postoperative radiotherapy following mastectomy:
A population-based study. Radiother. Oncol. 2017, 122, 2-10. [CrossRef]

7. Gu, J.; Groot, G.; Holtslander, L.; Engler-Stringer, R. Understanding women’s choice of mastectomy versus
breast conserving therapy in early-stage breast cancer. Clin. Med. Insights Oncol. 2017, 11, 1-7. [CrossRef]

8. Lee, W.Q.; Tan, VK.M.; Choo, HM.C; Ong, ]J.; Krishnapriya, R.; Khong, S.; Tan, M.; Sim, Y.R.; Tan, B.K,;
Madhukumar, P; et al. Factors influencing patient decision-making between simple mastectomy and surgical
alternatives. BJS Open 2018. [CrossRef]

9. Shaverdian, N.; Wang, X.; Hegde, J.V.; Aledia, C.; Weidhaas, ]J.B.; Steinberg, M.L.; McCloskey, S.A.
The patient’s perspective on breast radiotherapy: Initial fears and expectations versus reality. Cancer
2018, 124, 1673-1681. [CrossRef]

10. Agarwal, S.; Agarwal, S.; Neumayer, L.; Agarwal, ].P. Therapeutic nipple-sparing mastectomy: Trends based
on a national cancer database. Am. J. Surg. 2014, 208, 93-98. [CrossRef]

11.  Sisco, M,; Kyrillos, A.M.; Lapin, B.R.; Wang, C.E.; Yao, K.A. Trends and variation in the use of nipple-sparing
mastectomy for breast cancer in the United States. Breast Cancer Res. Treat. 2016, 160, 111-120. [CrossRef]
[PubMed]


http://dx.doi.org/10.1056/NEJM198503143121101
http://www.ncbi.nlm.nih.gov/pubmed/3883167
http://dx.doi.org/10.1016/0360-3016(86)90027-1
http://dx.doi.org/10.1001/jamasurg.2013.3049
http://www.ncbi.nlm.nih.gov/pubmed/24429935
http://dx.doi.org/10.1016/S1470-2045(16)30067-5
http://dx.doi.org/10.1245/s10434-015-4441-3
http://www.ncbi.nlm.nih.gov/pubmed/25743325
http://dx.doi.org/10.1016/j.radonc.2016.08.018
http://dx.doi.org/10.1177/1179554917691266
http://dx.doi.org/10.1002/bjs5.50105
http://dx.doi.org/10.1002/cncr.31159
http://dx.doi.org/10.1016/j.amjsurg.2013.09.030
http://dx.doi.org/10.1007/s10549-016-3975-9
http://www.ncbi.nlm.nih.gov/pubmed/27620883

Cancers 2019, 11, 160 12 of 13

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Li, M.; Chen, K;; Liu, E; Su, E; Li, S.; Zhu, L. Nipple sparing mastectomy in breast cancer patients and
long-term survival outcomes: An analysis of the SEER database. PLoS ONE 2017, 12, e0183448. [CrossRef]
[PubMed]

Troiano, G.; Nante, N.; Cozzolino, M. The Angelina Jolie effect—Impact on breast and ovarian cancer
prevention A systematic review of effects after the public announcement in May 2013. Health Educ. |. 2017,
76,707-715. [CrossRef]

Corradini, S.; Niyazi, M.; Niemoeller, O.M.; Li, M.; Roeder, E; Eckel, R.; Schubert-Fritschle, G.;
Scheithauer, H.R.; Harbeck, N.; Engel, ].; et al. Adjuvant radiotherapy after breast conserving surgery—A
comparative effectiveness research study. Radiother Oncol 2014, 114, 28-34. [CrossRef]

Poortmans, PM.P.; Arenas, M.; Livi, L. Over-irradiation. Breast 2017, 31, 295-302. [CrossRef] [PubMed]
Abdulkarim, B.S.; Cuartero, J.; Hanson, J.; Deschénes, ].; Lesniak, D.; Sabri, S. Increased risk of locoregional
recurrence for women with T1-2NO triple-negative breast cancer treated with modified radical mastectomy
without adjuvant radiation therapy compared with breast-conserving therapy. J. Clin. Oncol. 2011, 29,
2852-2858. [CrossRef] [PubMed]

Zumsteg, Z.S.; Morrow, M.; Arnold, B.; Zheng, J.; Zhang, Z.; Robson, M.; Traina, T.; McCormick, B.; Powell, S.;
Ho, A.Y. Breast-conserving therapy achieves locoregional outcomes comparable to mastectomy in women
with T1-2NO triple-negative breast cancer. Ann. Surg. Oncol. 2013, 20, 3469-3476. [CrossRef] [PubMed]
Adkins, F.C.; Gonzalez-Angulo, A.M.; Lei, X.; Hernandez-Aya, L.E; Mittendorf, E.A.; Litton, ] K.; Wagner, J.;
Hunt, K.K.; Woodward, W.A.; Meric-Bernstam, F. Triple-negative breast cancer is not a contraindication for
breast conservation. Ann. Surg. Oncol. 2011, 18, 3164-3173. [CrossRef]

Kim, K.; Park, H.J.; Shin, K.H.; Kim, J.H.; Choi, D.H.; Park, W.; Do Ahn, S.; Kim, S.S.; Kim, D.Y.; Kim, T.H.;
et al. Breast Conservation Therapy Versus Mastectomy in Patients with T1-2N1 Triple-Negative Breast
Cancer: Pooled Analysis of KROG 14-18 and 14-23. Cancer Res. Treat. 2018, 50, 1316-1323. [CrossRef]
Wang, J.; Wang, S.; Tang, Y.; Jing, H.; Sun, G,; Jin, ].; Liu, Y.; Song, Y.; Wang, W.; Fang, H.; et al. Comparison
of Treatment Outcomes With Breast-conserving Surgery Plus Radiotherapy Versus Mastectomy for Patients
With Stage I Breast Cancer: A Propensity Score-matched Analysis. Clin. Breast Cancer 2018, 18, €975-e984.
[CrossRef]

De Boniface, J.; Frisell, J.; Bergkvist, L.; Andersson, Y. Breast-conserving surgery followed by whole-breast
irradiation offers survival benefits over mastectomy without irradiation. Br. |. Surg. 2018, 1607-1614.
[CrossRef]

Donker, M.; Van Tienhoven, G.; Straver, M.E.; Meijnen, P.; Van De Velde, C.J.; Mansel, PR.E.; Cataliotti, P.L.;
Westenberg, A.H.; Klinkenbijl, ].H.; Orzalesi, L.; et al. Radiotherapy or surgery of the axilla after a positive
sentinel node in breast cancer (EORTC 10981-22023 AMAROS): A randomised, multicentre, open-label,
phase 3 non-inferiority trial. Lancet Oncol. 2014, 15, 1303-1310. [CrossRef]

Giuliano, A.; Huntm, K.; Ballman, K.; Beitsch, P.D.; Whitworth, PW.; Blumencranz, PW.; Leitch, A.M.;
Saha, S.; McCall, L.M.; Morrow, M. Axillary dissection vs no axillary dissection in women with invasive
breast cancer and sentinel node metastasis: A randomized clinical trial. JAMA 2011, 305, 569-575. [CrossRef]
Galimberti, V.; Cole, B.F, Zurrida, S.; Viale, G.; Luini, A.; Veronesi, P, Baratella, P, Chifu, C,;
Sargenti, M.; Intra, M.; et al. Axillary dissection versus no axillary dissection in patients with sentinel-node
micrometastases (IBCSG 23-01): A phase 3 randomised controlled trial. Lancet. Oncol. 2013, 14, 297-305.
[CrossRef]

Pazos, M.; Schonecker, S.; Reitz, D.; Rogowski, P.; Niyazi, M.; Alongi, F.; Matuschek, C.; Braun, M.;
Harbeck, N.; Belka, C.; et al. Recent Developments in Radiation Oncology: An Overview of Individualised
Treatment Strategies in Breast Cancer. Breast Care 2018, 13, 285-291. [CrossRef]

Pazos, M.; Fiorentino, A.; Gaasch, A.; Schonecker, S.; Reitz, D.; Heinz, C.; Niyazi, M.; Duma, M.N.; Alongi, E;
Belka, C.; et al. Dose variability in different lymph node levels during locoregional breast cancer irradiation:
The impact of deep-inspiration breath hold. Strahlenther. Onkol. 2019, 195, 13-20. [CrossRef]

Nguyen, M.H,; Lavilla, M.; Kim, J.N.; Fang, L.C. Cardiac sparing characteristics of internal mammary chain
radiotherapy using deep inspiration breath hold for left-sided breast cancer. Radiat. Oncol. 2018, 13, 103.
[CrossRef]


http://dx.doi.org/10.1371/journal.pone.0183448
http://www.ncbi.nlm.nih.gov/pubmed/28841691
http://dx.doi.org/10.1177/0017896917712300
http://dx.doi.org/10.1016/j.radonc.2014.08.027
http://dx.doi.org/10.1016/j.breast.2016.07.022
http://www.ncbi.nlm.nih.gov/pubmed/27522160
http://dx.doi.org/10.1200/JCO.2010.33.4714
http://www.ncbi.nlm.nih.gov/pubmed/21670451
http://dx.doi.org/10.1245/s10434-013-3011-9
http://www.ncbi.nlm.nih.gov/pubmed/23686101
http://dx.doi.org/10.1245/s10434-011-1920-z
http://dx.doi.org/10.4143/crt.2017.575
http://dx.doi.org/10.1016/j.clbc.2018.06.002
http://dx.doi.org/10.1002/bjs.10889
http://dx.doi.org/10.1016/S1470-2045(14)70460-7
http://dx.doi.org/10.1001/jama.2011.90
http://dx.doi.org/10.1016/S1470-2045(13)70035-4
http://dx.doi.org/10.1159/000488189
http://dx.doi.org/10.1007/s00066-018-1350-y
http://dx.doi.org/10.1186/s13014-018-1052-8

Cancers 2019, 11, 160 13 of 13

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Early Breast Canc Trialists, C.; Darby, S.; McGale, P.; Correa, C.; Taylor, C.; Arriagada, R.; Clarke, M.;
Cutter, D.; Davies, C.; Ewertz, M.; et al. Effect of radiotherapy after breast-conserving surgery on 10-year
recurrence and 15-year breast cancer death: Meta-analysis of individual patient data for 10,801 women in 17
randomised trials. Lancet 2011, 378, 1707-1716.

Formenti, S.C.; Demaria, S. Local control by radiotherapy: Is that all there is? Breast Cancer Res. 2008, 10, 215.
[CrossRef]

Veronesi, U.; Cascinelli, N.; Mariani, L.; Greco, M.; Saccozzi, R.; Luini, A.; Aguilar, M.; Marubini, E.
Twenty-year follow-up of a randomized study comparing breast-conserving surgery with radical mastectomy
for early breast cancer. N. Engl. |. Med. 2002, 347, 1227-1232. [CrossRef]

Fisher, B.; Anderson, S.; Bryant, J.; Margolese, R.G.; Deutsch, M.; Fisher, E.R.; Jeong, J.; Wolmark, N.
Twenty-year follow-up of a randomized trial comparing total mastectomy, lumpectomy, and lumpectomy
plus irradiation for the treatment of invasive breast cancer. N. Engl. . Med. 2002, 347, 1233-1241. [CrossRef]
Hwang, S.; Lichtensztajn, D.; Gomez, S.; Fowble, B.; Clarke, C. Survival After Lumpectomy and Mastectomy
for Early Stage Invasive Breast Cancer. Cancer 2013, 119, 1402-1411. [CrossRef]

Fisher, S.; Gao, H.; Yasui, Y.; Dabbs, K.; Winget, M. Survival in stage I-III breast cancer patients by surgical
treatment in a publicly funded health care system. Ann. Oncol. 2015, 26, 1161-1169. [CrossRef] [PubMed]
Hofvind, S.; Holen, A.; Aas, T.; Roman, M.; Sebuodegard, S.; Akslen, L.A. Women treated with breast
conserving surgery do better than those with mastectomy independent of detection mode, prognostic and
predictive tumor characteristics. Eur. J. Surg. Oncol. 2015, 41, 1417-1422. [CrossRef]

Onitilo, A.A.; Engel, ] M.; Stankowski, R.V.; Doi, S.A.R. Survival Comparisons for Breast Conserving Surgery
and Mastectomy Revisited: Community Experience and the Role of Radiation Therapy. Clin. Med. Res. 2015,
13, 65-73. [CrossRef] [PubMed]

Chen, K;; Liu, J.; Zhu, L.; Su, E; Song, E.; Jacobs, L.K. Comparative effectiveness study of breast-conserving
surgery and mastectomy in the general population: A NCDB analysis. Oncotarget 2015, 6, 40127-40140.
[CrossRef]

Chen, Q.-X.; Wang, X.-X,; Lin, P-Y.; Zhang, J.; Li, J.-J.; Song, C.-G.; Shao, Z.-M. The different outcomes
between breast-conserving surgery and mastectomy in triple-negative breast cancer: A population-based
study from the SEER 18 database. Oncotarget 2017, 8, 4773-4780. [CrossRef]

Minicozzi, P.; Van Eycken, L.; Molinie, F.; Innos, K.; Guevara, M.; Marcos-Gragera, R.; Castro, C.; Rapiti, E.;
Katalinic, A.; Torrella, A.; et al. Comorbidities, age and period of diagnosis influence treatment and outcomes
in early breast cancer. Int. . Cancer 2018. [CrossRef]

Giordano, S.H.; Kuo, Y.-F; Duan, Z.; Hortobagyi, G.N.; Freeman, J.; Goodwin, J.S.; Foley, N.H.; Bray, I;
Watters, KM.; Das, S.; et al. Limits of observational data in determining outcomes from cancer therapy.
Cancer 2008, 112, 2456-2466. [CrossRef]

Salas, M.; Hofman, A.; Stricker, B.H. Confounding by indication: An example of variation in the use of
epidemiologic terminology. Am. J. Epidemiol. 1999, 149, 981-983. [CrossRef]

Overgaard, M.; Nielsen, HM.; Overgaard, J. Is the benefit of postmastectomy irradiation limited to patients
with four or more positive nodes, as recommended in international consensus reports? A subgroup analysis
of the DBCG 82 b&c randomized trials. Radiother. Oncol. 2007, 82, 247-253. [PubMed]

Corradini, S.; Pazos, M.; Schonecker, S.; Reitz, D.; Niyazi, M.; Ganswindt, U.; Schrodi, S.; Braun, M.;
Polcher, M.; Mahner, S.; et al. Role of postoperative radiotherapy in reducing ipsilateral recurrence in DCIS:
An observational study of 1048 cases. Radiat. Oncol. 2018, 13, 25. [CrossRef] [PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1186/bcr2160
http://dx.doi.org/10.1056/NEJMoa020989
http://dx.doi.org/10.1056/NEJMoa022152
http://dx.doi.org/10.1002/cncr.27795
http://dx.doi.org/10.1093/annonc/mdv107
http://www.ncbi.nlm.nih.gov/pubmed/25712459
http://dx.doi.org/10.1016/j.ejso.2015.07.002
http://dx.doi.org/10.3121/cmr.2014.1245
http://www.ncbi.nlm.nih.gov/pubmed/25487237
http://dx.doi.org/10.18632/oncotarget.5394
http://dx.doi.org/10.18632/oncotarget.13976
http://dx.doi.org/10.1002/ijc.31974
http://dx.doi.org/10.1002/cncr.23452
http://dx.doi.org/10.1093/oxfordjournals.aje.a009758
http://www.ncbi.nlm.nih.gov/pubmed/17306393
http://dx.doi.org/10.1186/s13014-018-0964-7
http://www.ncbi.nlm.nih.gov/pubmed/29426355
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Baseline Patient Characteristics 
	Outcome 

	Discussion 
	Materials and Methods 
	Conclusions 
	References

