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Abstract
Purpose  Recent cohort studies demonstrated better overall survival (OS) or breast cancer-specific survival (BCS) for breast-
conserving therapy (BCT) followed by radiation (RT) compared to mastectomy alone (MT). This is the first observational 
study in which adjustments for a comprehensive set of prognostic factors, adjuvant therapies, mode of detection, and comor-
bidities were possible to investigate OS, BCS, as well as recurrence risk of patients undergoing BCT + RT, MT + RT, or MT.
Methods  Women aged 50–74 years at diagnosis of early-stage invasive breast cancer (I–IIIa) between 2001 and 2005 at the 
German population-based case–control study (MARIE study) were recruited and followed prospectively as a case cohort 
until 2015. Kaplan–Meier estimates and stepwise adjusted multivariable Cox models were used to estimate hazard ratios 
(HRs) and 95% confidence intervals (95% CI).
Results  The 2762 patients included were followed up for a median of 11.9 years (95% CI 11.8–12.0). 74.2% of patients 
underwent BCT + RT; 10.3% MT + RT and 15.6% MT alone. Compared to patients treated with MT alone, patients treated 
with BCT + RT showed non-statistically significant improved OS (HR 0.79, 95% CI 0.61–1.02), BCS (HR 0.79, 95% CI 
0.55–1.12), and no difference in recurrence risks (HR 1.01, 95% CI 0.74–1.37). For patients treated with MT + RT, there 
were no differences in OS (HR 1.06, 95% CI 0.75–1.50), BCS (HR 1.17, 95% CI 0.75–1.82), or recurrence risk (HR 1.33, 
95% CI 0.89–1.97).
Conclusions  Among patients with early-stage breast cancer, clinical outcomes more than 10 years after diagnosis did not 
differ between the primary treatment options BCT + RT, MT + RT versus MT alone after full adjustment.

Keywords  Early-stage breast cancer · Mastectomy · Breast-conserving therapy · Survival · Prognosis

Abbreviations
BCS	� Breast cancer-specific survival
BCT	� Breast-conserving therapy
CVD	� Cardiovascular disease
ER/PR receptor	� Estrogen/progesterone receptor
HR	� Hazard ratio
ICD-10-GM	� International classification of diseases, 

10th revision
MT	� Mastectomy
OS	� Overall survival
RT	� Radiation
RCT​	� Randomized clinical trials

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s1054​9-018-4754-6) contains 
supplementary material, which is available to authorized users.

 *	 Kathrin Thöne 
	 k.thoene@uke.de

1	 Department of Cancer Epidemiology/Clinical Cancer 
Registry, University Cancer Center Hamburg (UCCH), 
University Medical Center Hamburg-Eppendorf, Hamburg, 
Germany

2	 Division of Cancer Epidemiology, German Cancer Research 
Center (DKFZ), Martinistr. 52, 20246 Heidelberg, Germany

3	 Department of Medical Biometry and Epidemiology, 
University Medical Center Hamburg-Eppendorf, Hamburg, 
Germany

4	 Genetic Tumor Epidemiology Group, University Medical 
Center Hamburg-Eppendorf, Hamburg, Germany

http://orcid.org/0000-0002-3114-8273
http://crossmark.crossref.org/dialog/?doi=10.1007/s10549-018-4754-6&domain=pdf
https://doi.org/10.1007/s10549-018-4754-6


382	 Breast Cancer Research and Treatment (2018) 170:381–390

1 3

Introduction

During the 1980s, several randomized clinical trials (RCT) 
demonstrated equivalent overall [1–6], recurrence-free [2, 
4, 5], or disease-free [1, 4] survival after breast-conserving 
therapy (BCT) followed by radiation (RT) and after mas-
tectomy (MT) for early-stage breast cancer [1–7]. Con-
sequently, BCT followed by radiation was recommended 
[8] as an equivalent therapy to MT. Contrary to European 
data [9–11], recent US studies [12, 13] reported increasing 
rates of MT as treatment option. Reasons for this increas-
ing trend favoring MT as surgery option are still unknown. 
One might suspect that better reconstruction techniques 
[12] or concerns regarding radiation therapy (RT) or 
recurrence after BCT are factors influencing the therapy 
decision process even though MT seems to be associated 
with greater morbidity [14, 15]. There are no recent clini-
cal trials investigating prognostic effects of BCT and MT 
although strategies in breast cancer surveillance, includ-
ing screening programs and (adjuvant) therapy, have been 
changed extensively during the last decades.

Recently, population-based cohort studies conducted in 
the US [16–19] and Norway [20, 21] demonstrated better 
overall survival (OS) or breast cancer-specific survival 
(BCS) for BCT + RT compared to MT in patients 50 years 
or older. Differences in tumor biology and non-compliance 
to adjuvant therapy have been suggested to have eventually 
biased the estimated effects, since at least three studies 
[17, 19, 20] were conducted in databases with insufficient 
information to adjust for these factors.

Against this background, the present population-based 
study, which has collected comprehensive information 
on covariates, compares BCT + RT and MT + RT against 
MT alone with regard to OS and BCS for women aged 
50–75 years with early-stage breast cancer in Germany. 
This study can thus account for the influence of strong 
interdependencies between prognostic factors, adjuvant 
therapies, mode of detection, as well as comorbidities, 
which can potentially affect exposure and/or outcome. Fur-
thermore, this is the first observational study investigating 
recurrence risk for BCT + RT, MT + RT, and MT.

Methods

Data source and study population

The cohort consisted of the cases of the population-based 
case–control MARIE study (Mamma Carcinoma Risk fac-
tor Investigation) [22]. Between 2002 and 2005, patients 
were recruited in two regions of Germany; Hamburg and 

Rhine-Neckar-Karlsruhe if they were aged 50–74 years at 
diagnosis and had a histologically confirmed diagnosis of 
primary invasive (stage I to IV) or in situ breast cancer 
between January 1, 2001 and September 30, 2005. Infor-
mation on pre-diagnostic lifestyle factors, socio-economic 
status, medical history, and information on specific medi-
cations, regimen, and duration of use was collected by 
a standardized face-to-face interview at recruitment. The 
histological characteristics of the primary breast cancer 
were extracted from pathology reports. Treatment and 
clinical course were abstracted from medical records to 
verify clinical events either self-reported in the inter-
view or reported by treating physicians during a first 
follow-up in 2009 and a second follow-up in June 2015 
(in total > 90% self-reported events verified) resulting in a 
cohort study with a follow-up time of > 10 years.

For this study, 3813 patients who were recruited into 
the baseline case–control study were eligible. Patients 
were excluded if they had either in situ tumors (N = 232), 
prior malignant tumors (N = 238), tumors with stage IIIb 
or higher (N = 386), unknown information on metastases 
(N = 11), therapy (N = 11), recurrences (N = 45), or radio-
therapy (N = 21). Patients treated with BCT but without fol-
lowing radiation therapy (N = 76) or patients with secondary 
radiotherapy after recurrences or secondary tumors (N = 31) 
were excluded as well. Thus, 2762 patients were available 
for analysis (Fig. 1).

All study participants gave written informed consent. The 
ethics committee of the University of Heidelberg, the Ham-
burg Medical Council, and the Medical Board of the State 
of Rhineland-Pfalz gave approval. The study was conducted 
in accordance with the Declaration of Helsinki.

Outcome assessment

Study participants were prospectively followed until June 
30, 2015. Vital status was assessed via information from 
population registries. Causes of death were derived from 
death certificates obtained through the local/regional health 
offices and coded according to the 10th revision of the Inter-
national Classification of Diseases (ICD-10-GM). The pri-
mary endpoints were OS (including death from any cause), 
BCS (death due to breast cancer; non-breast cancer-related 
deaths were censored), and recurrences (including ipsilat-
eral, contralateral, local/regional invasive recurrence, and 
distant recurrence). Participants without an event of interest 
were censored at the date of last contact or on June 30, 2015, 
whichever came first.

Exposure

Primary surgery type was assessed through patient’s medi-
cal records by defining the exposure status of patients who 
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received either MT and adjuvant RT (MT + RT) or BCT 
and adjuvant RT (BCT + RT) which is recommended by the 
guidelines [8] as primary therapy option. MT + RT is recom-
mended only for women who had a higher tumor stage (T3/
T4) and other risk factors (i.e., grading G3, invasion of the 
lymphatic vessels, close resection margin, being premeno-
pausal or younger than 50 years of age) [8].

Covariates

Most factors considered relevant in the German guideline[8] 
for primary treatment decisions were measured in our study 
and considered as covariates for analyses: Clinical character-
istics: tumor size (T1/T2/T3), grading (G1/G2/G3), number 
of affected lymph nodes (N0/N1/N2), estrogen/progester-
one receptor (ER+PR+/ER+PR− or ER−PR+/ER−PR−), 
and her2/neu- status (negative/positive); factors related to 
mode of detection: being diagnosed by routine imaging 
(mammography or sonography) (yes/no), and benign breast 
disease (yes/no); comorbidities: diabetes mellitus and car-
diovascular diseases (CVDs) (yes/no, respectively); adjuvant 
therapy after surgery including chemotherapy, tamoxifen 
use or aromatase use (yes/no, respectively). Furthermore, 
study center (Hamburg/Rhine-Neckar Karlsruhe) and age at 
diagnosis (years) were included (for categories see Table 1). 
Neoadjuvant chemotherapy was not considered as it is not 
recommended for early-stage breast cancer. Furthermore, 

due to exclusion criteria of patients with tumor stage IIIb 
or higher, our study sample did not include patients who 
received neoadjuvant chemotherapy.

Statistical analysis

The Kaplan–Meier method was used to estimate unadjusted 
OS, BCS, and recurrence risk by treatment group. The log-
rank test was applied to evaluate differences between the 
groups.

Multivariable delayed entry cox models were used, 
adjusted for all therapy-relevant confounders, adjuvant 
therapies, comorbidities, and diagnostic mode. Hazard 
ratios (HR) and 95% confidence intervals (95% CI) for OS, 
BCS, and recurrence risk were estimated for BCT + RT and 
for MT + RT compared with MT. Variables which did not 
fulfill the proportional hazard assumption (her2/neu, tamox-
ifen treatment, chemotherapy) were included in the model as 
stratification variables. Since we consider the comparisons 
between BCT + RT, MT + RT, and MT, no main effect for 
RT is specified. For sensitivity analyses, full adjusted mod-
els were stratified either by grade (grade 3 vs. grade 1 and 
grade 2) and by ER/PR-status (ER−/PR− vs. ER+/PR+ and 
mixed ER/PR-status) to compare estimates between the dif-
ferent strata.

A reverse Kaplan–Meier method was used to estimate the 
median follow-up time in the cohort.

Fig. 1   Flow chart of breast 
cancer patients included in the 
study cohort
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Table 1   Baseline characteristics 
of the MARIEplus2 study 
population (n = 2762) by 
surgery type at the time of 
breast cancer diagnosis

BCT + RT MT + RT Mastectomy p value
N (%) N (%) N (%)

2048 (100) 283 (100) 431 (100)
Vital status < 0.001
 Dead 336 (16.4) 83 (29.3) 92 (21.4)
 Alive 1712 (83.6) 200 (70. 7) 339 (78.7)

Breast cancer-specific death < 0.001
 Yes 96 (4.7) 34 (12.3) 23 (5.3)
 No 1952 (95.3) 249 (88.0) 408 (94.7)

Recurrence < 0.001
 Yes 288 (14.1) 77 (27.2) 63 (14.6)
 No 1760 (85.9) 206 (72.8) 368 (85.4)

Center 0.02
 Hamburg 1132 (55.3) 181 (64.0) 246 (57.1)
 RNK 916 (44.7) 102 (36.0) 158 (43.6)

Age at diagnosis (years), mean (SD) 62.2 (5.9) 62.22 (5.9) 62.74 (6.4) 0.23
Tumor size < 0.001
 T1 ≤ 2 cm 1378 (67.7) 62 (21.9) 230 (53.4)
 T2 > 2–5 cm 647 (31.6) 165 (58.3) 189 (43.6)
 T3 ≥ 5 cm 13 (0.6) 56 (19.8) 12 (2.8)
 Missing 1 (0.1) 0 0

Affected Lymph nodes < 0.001
 N0 1546 (75.5) 89 (31. 5) 319 (74.0)
 N1 1–3 416 (20.3) 139 (49.1) 103 (23.9)
 N2 4–9 86 (4.2) 55 (19.4) 9 (2.1)

Grading < 0.001
 G1 495 (24.2) 18 (6.4) 61 (14.2)
 G2 1079 (52.7) 150 (53.0) 253 (58.7)
 G3 466 (22.8) 113 (39.9) 115 (26.7)
 Unknown 8 (0.4) 2 (16.7) 2 (0.5)

Estrogen/progesterone receptors (ERPR) 0.17
 ER+PR+ 1344 (65.6) 169 (59.7) 266 (61.7)
 ER+PR− or ER−PR+ 373 (18.2) 56 (19.8) 90 (20.9)
 ER−PR− 331 (16.2) 58 (20.5) 74 (17.2)
 Unknown 0 (0) 0 1 (0.2)

Her2 status < 0.001
 Negative 1527 (74.6) 54 (19.1) 289 (67.1)
 Positive 334 (16.3) 195 (68.9) 102 (23.7)
 Unknown 187 (9.1) 34 (12.0) 40 (9.3)

Chemotherapy < 0.001
 No 1155 (56.4) 53 (18.7) 210 (48.7)
 Yes 884 (43.2) 230 (81.3) 214 (49.6)
 Unknown 9 (0.4) 0 7 (1.6)

Diagnosed by routine imaging (mammography or
sonography)

< 0.001

 No 1223 (59.7) 233 (82.3) 298 (69.1)
 Yes 819 (40.0) 50 (17.7) 131 (30.4)
 Unknown 6 (0.3) 0 2 (0.5)

Benign breast disease 0.04
 No 1182 (57.7) 175 (63.2) 233 (54.1)
 Yes 861 (42.0) 101 (36.5) 198 (45.9)
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Results

Median follow-up was 11.9  years (95% CI 11.8–12.0). 
BCT + RT was conducted in 2048 patients (74.2%), 
MT + RT in 283 patients (10.3%), and MT in 431 patients 
(15.6%). The mean age of patients undergoing BCT + RT or 
MT + RT was 62.2 (SD: 5.9), respectively, and for MT alone 
62.9 (SD: 6.4) (Table 1). In the BCT + RT treatment group, 
336 (16.4%) deaths, including 96 (4.7%) breast cancer-spe-
cific deaths, and 288 (14.1%) recurrences occurred; portions 
were similar in patients treated with MT alone but higher in 
patients treated with MT + RT (Table 1).

No differences between the patients of the three treatment 
groups were found for age, ER−/PR-status, aromatase and 
tamoxifen therapy, diabetes, and CVDs (Table 1). A higher 
percentage of patients with MT + RT had a larger tumor size, 
more affected lymph nodes, higher tumor grading, more 
her2/neu-positive carcinoma, and underwent chemotherapy 
more often than patients treated with BCT + RT or patients 
treated with MT alone (Table 1). Patients with BCT + RT 
were more likely to have had their tumor detected by routine 
imaging than patients who underwent MT + RT or MT alone 
(Table 1).

Overall survival (OS), breast cancer‑specific survival 
(BCS), and recurrence risk

Kaplan–Meier estimates showed significantly improved OS, 
BCS, and lower recurrence risk favoring BCT + RT over 
MT. Compared to MT alone, patients treated with MT + RT 
had poorer OS, BCS, and higher recurrence risk. Log-rank 
tests indicated statistically significant differences between 
the survival curves (p < 0.001, respectively for all outcomes) 
(Fig. 2a–c).

Univariate Cox models of OS, BCS, and recurrence 
risk as well as prognostic factors and possible other 
covariates

Univariate Cox models showed that in comparison to 
patients who received MT alone, those patients who received 
BCT + RT had improved OS (HR 0.75, 95% CI 0.59–0.94). 
Compared to patients treated with MT alone BCS (HR 
0.81, 95% CI 0.58–1.31) and recurrence risk (HR 0.94, 
95% CI 0.71–1.25) were favorable but CIs included the 1 
(Table 2). Patients who received MT + RT had poorer OS 
(HR 1.44, 95% CI 1.07–1.93), poorer BCS (HR 2.08, 95% 
CI 1.39–3.09), and higher recurrence risk (HR 1.99, 95% CI 
1.42–2.81) compared to patients receiving MT alone.

Age at diagnosis was not associated with the respective 
outcomes. The established prognostic factors (tumor size, 

nodal status, tumor grade, negative ER−/PR-status, posi-
tive her2/neu-status and chemotherapy) were associated with 
lower OS and BCS, and with higher recurrence risk (Sup-
plemental Table 1). Benign breast disease, a diagnosis by 
routine imaging and tamoxifen therapy was associated with 
improved OS. For both other outcomes (BCS and recurrence 
risk), similar results were found for the respective covariates 
(Supplemental Table 1). Comorbidities were associated with 
poorer OS and BCS but were not statistically significantly 
associated with risk of recurrences.

Multivariable analysis of OS, BCS, and RFS

After full adjustment, non-statistically significant favorable 
OS (HR 0.79, 95% CI 0.61–1.02) and BCS (HR 0.78, 95% 
CI 0.55–1.11) for patients treated with BCT + RT compared 
to patients treated with MT alone were observed. Recur-
rence risk (HR 1.01, 95% CI 0.74–1.37) after BCT + RT 
did not differ from MT alone (Table 2). In patients treated 
with MT + RT compared to MT alone HR indicate no dif-
ferences in risk of dying from breast cancer (1.17 (95% 
CI 0.75–1.82)) or in risk of recurrence (1.33 (95% CI 
0.89–1.97)) as well as regarding OS (HR 1.05, 95% CI 
0.74–1.49) (Table 2).

Adjustment for only therapy-relevant variables revealed 
similar results but with borderline significant improved OS 
for BCT + RT compared to MT alone (HR 0.76, 95% CI 
0.60–0.98) (Supplemental Table 2).

Estimates for the stepwise inclusion of covariates are dis-
played in Supplemental Table 2.

Sensitivity analyses stratified by grade and ER/PR-status 
did not reveal relevant changes of the point estimates for OS, 
BCS, or recurrence risk (data not shown).

Discussion

This is the first German population-based study of routinely 
treated breast cancer patients to examine the impact of the 
different surgery (treatment) options BCT + RT, MT + RT, 
and MT on long-term outcomes, including OS, BCS and 
recurrence risk, taking into account comprehensively the 
interdependencies between primary treatment, prognostic 
factors, adjuvant therapies, mode of detection, and comor-
bidities. Overall, we found no statistically significant dif-
ferences between the primary surgical options in OS, BCS, 
and recurrence risks after more than 10 years of follow-up.

Due to the observational study design, it was necessary 
to control for potential group differences between the sur-
gery types not only by adjustment for prognostic factors but 
also by further covariates like adjuvant therapies, mode of 
detection, and comorbidities, which are known to have an 
influence on long-term outcome [23–26]. Prior published 
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Fig. 2   a Kaplan–Meier curve of 
OS stratified by BCT and MT. 
b Kaplan–Meier curve of BCS 
stratified by BCT and MT. c 
Kaplan–Meier curve for recur-
rence risk stratified by BCT 
and MT
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observational studies [16–20] generally adjusted for prog-
nostic factors; however, only one of them adjusted addition-
ally for adjuvant therapies and for mode of detection [21], 
whereas none of the studies adjusted for comorbidities. We 
were able to take all these covariates into account and inves-
tigated their influence separately on the respective outcomes 
in a stepwise approach.

In the full adjusted model, we found statistically non-
significant favorable BCS (HR 0.79, 95% CI 0.55–1.12) for 
BCT + RT compared to MT alone. Prior studies reported 
comparable estimates of BCS ranging from 0.76 (95% CI 
0.72–0.80) [17] to 0.61 (95% CI 0.53–0.70) [20] after adjust-
ment for only prognostic factors as well as after additional 
adjustment for adjuvant therapies and mode of detection (HR 
0.59, 95% CI 0.42–0.77) [21].

The results reported by observational studies are contrary 
to the general consensus that patients undergoing BCT + RT 
compared to MT have similar long-term OS and BCS as 
observed in several RCT studies [1, 2, 6, 27, 28] conducted 
during the previous decade. These RCTs found no differ-
ences between treatment groups at 5-year follow-up [29, 
30] and also after long-term follow-up (10–20 years) [6, 
27]. One reason might be that these RCTs were conducted 
in the late 1980s or early 1990s. Since then, breast cancer 
treatment as well as detection techniques, adjuvant systemic 
therapy, i.e., radiation therapy indications and the quality of 
treatment procedures have substantially improved. Addition-
ally, the increased use of adjuvant systemic treatment for 
better local tumor control might have led to the supposed 
survival advantage of patients undergoing BCT in our study 
compared to those diagnosed more than decades before.

The relative risks for MT + RT compared to MT alone 
revealed no statistically significant differences after full 
adjustment. This is in line with several RCT studies [2, 
6, 7, 31] that reported no differences in local recurrences 
between the two treatment groups (BCT and MT), whereas 
more recent RCTs [29, 30, 32, 33] found higher local recur-
rence rates after BCT alone in younger women (≤ 40 years 

of age) but no differences in distant recurrence-free survival 
after about 10 years of follow-up [34, 35]. Unfortunately, we 
could not distinguish between local recurrence- and distant 
recurrence-free survival in our analysis, due to insufficient 
power. Furthermore, analysis regarding MT + RT versus MT 
alone may be underpowered. This could also partly explain 
the findings regarding different point estimates between the 
primary surgical options BCT + RT and MT + RT, as our 
results were statistically not significant throughout treatment 
groups and outcomes. In addition, this study has been con-
ducted in the pre-her2-targeted era, meaning only a small 
proportion of the women included in this study received 
Trastuzumab, Pertuzumab etc., a therapy, which is nowadays 
hold as standard for her2/neu-positive tumors. As almost 
70% of all tumors in the MT + RT patient group were her2/
neu positive, outcomes for this patient group might be dif-
ferent in more contemporary settings. However, in our study, 
only 58 patients have been treated with Trastuzumab, of 
whom 39 were treated primary with BCT + RT, while only 
12 patients received MT + RT and, 7 were treated with MT 
alone as primary therapy option. MT with subsequent RT 
is recommended for women with higher tumor stage (T3/
T4) or other risk factors [8], indicating that these patient 
groups have in general a poorer survival prognosis. Our find-
ing of a statistically non-significant increased risk for this 
group could still be due to residual confounding although 
we were able to employ a large set of adjusting covariates. 
Due to exclusion criteria, our study population comprises 
early-stage breast cancer cases and only 283 women received 
MT + RT in our study, a choice of treatment procedure, 
which may well depend on individual preferences, reason-
able indications for RT after MT (e.g., higher grade tumors), 
and/or clinic-specific decision processes. However, sensitiv-
ity analyses by stratification of grade or ER/PR status did not 
reveal relevant changes of OS and BCS between the different 
patient groups (data not shown).

We found no difference regarding recurrence risk for 
women treated with BCT + RT compared to MT alone.

Table 2   Results of univariate and multivariable delayed entry Cox-proportional hazard regression analyses

HR hazard ratio, 95% CI 95% confidence interval, BCT + RT breast-conserving therapy following radiation therapy, MT mastectomy. Variables 
which did not fulfill the proportional hazard assumption (her2/neu, tamoxifen treatment, chemotherapy) were included in the model as stratifica-
tion variables. Bold values indicate statistical significance
a Adjusted for study center (as stratification variable), age, tumor size, grading, her2/neu, nodal status, for ER/PR receptor status, adjuvant thera-
pies like chemotherapy, aromatase therapy, tamoxifen therapy, tumor detection by routine imaging, prior benign breast disease, comorbidities 
like diabetes mellitus, and cardiovascular diseases

Unadjusted model Multivariable adjusted modela

Mastectomy 
(ref.)

BCT + RT MT + RT Mastectomy 
(ref.)

BCT + RT MT + RT

OS 1.0 0.75 (0.59–0.94) 1.44 (1.07–1.93) 1.0 0.79 (0.61–1.02) 1.06 (0.75–1.50)
BCS 1.0 0.81 (0.58–1.31) 2.08 (1.39–3.09) 1.0 0.79 (0.55–1.12) 1.17 (0.75–1.82)
Recurrence risk 1.0 0.94 (0.71–1.25) 1.99 (1.42–2.81) 1.0 1.01 (0.74–1.37) 1.33 (0.89–1.97)
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As unadjusted estimates for MT + RT were more than 
twice as high for BCS and almost 50% higher for OS and 
recurrence risk, a substantial amount of confounding is con-
trolled for in our multivariable analyses. In order to compare 
our results with that of prior studies which adjusted only for 
prognostic factors, we also limited our analyses to the adjust-
ment of similar risk factors than used in the prior studies. 
However, beside adjustment for therapy-related covariates, 
further adjustment does not suggest a strong influence of 
other covariates in our study, which indicates that results of 
other observational studies may not be different even if all 
possible confounders would have been accounted for. Never-
theless, we cannot exclude bias due to residual confounding.

Limitations of our study are mostly due to the retrospec-
tive nature of collected information and the possibility for 
recall bias due to self-reported baseline characteristics. 
However, self-reported information on MT or BCT as well 
as adjuvant therapies was validated through patient records. 
Histopathological characteristics were also extracted from 
patient records. There are still 45 patients with unknown 
information on their recurrence status which were excluded 
from analyses to reduce potential outcome misclassification 
bias. Additionally, in a patient subsample, a part of the ques-
tionnaire was tested for reliability; the MARIE data have 
being rated as being of good quality with only a low poten-
tial of misclassification [36].

Unfortunately, we could not stratify our analysis for 
patients receiving BCT plus radiation (N = 2031) and 
patients receiving BCT alone (N = 74) as numbers were too 
low. We therefore excluded patients without subsequent 
radiation as this is not a standard treatment according to 
guidelines [8].

The main strength of the study is the detailed information 
on prognostic factors, therapy data, and the completeness of 
follow-up information of recurrence, vital status, and causes 
of death. Furthermore, we have detailed information about 
compliance of the respective treatments as the patients have 
been asked for the specific treatment they had been taken.

Several single-institution reports [12, 37, 38] as well as 
nationwide studies [13, 39] have shown an increasing trend 
of mastectomy rates in the US during the last decades while 
some other studies [40] found discrepant results. However, 
studies based on European [10, 11, 41] or German [9] data 
reported no increasing trend of mastectomy rates even 
though these rates differ also in comparable health care 
systems.

Our data suggest no statistical significant survival advan-
tage or reduced recurrence between the primary therapy 
options of BCT + RT or MT + RT compared to MT alone in 
patients with early-stage invasive breast carcinoma. In order 
to lead to advantageous long-term survival, patients need to 
be informed in an understandable way on advantages and 
disadvantages of eligible treatments based on the respective 

clinical indications to compile the best integrated treatment 
plan.
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