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Abstract
Purpose Breast-conserving therapy (BCT) is the standard procedure for most patients with primary breast cancer (BC). By 
contrast, axillary management is still under transition to find the right balance between avoiding of morbidity, maintaining 
oncological safety, and performing a staging procedure. The rising rate of primary systemic therapy creates further chal-
lenges for surgical management.
Methods Patients with primary, non-metastatic BC treated between 01.01.2003 and 31.12.2016 under guideline-adherent 
conditions were included in this study. For this prospectively followed cohort, breast and axillary surgery patterns are pre-
sented in a time-trend analysis as annual rate data (%) for several subgroups.
Results Overall, 6700 patients were included in the analysis. While BCT rates remained high (mean 2003–2016: 70.4%), 
the proportion of axillary lymph node dissection has declined considerably from 80.1% in 2003 to 16.0% in 2016, while the 
proportion for sentinel lymph node biopsy (SLND) has increased correspondingly from 10.3 to 76.4%. Among patients with 
cT1-2, cN0 breast cancer receiving BCT with positive SLND, the rate of axillary completion has decreased from 100% in 
2008 to 24.4% in 2016.
Conclusions In the past decade, SLNB has been established as the standard procedure for axillary staging of clinically 
node-negative patients. Surgical morbidity has been further reduced by the rapid implementation of new evidence from the 
ACOSOG Z0011 trial into clinical routine. The results reflect the transition towards more individually tailored, less invasive 
treatment for selected patient subgroups, especially in regards to axillary lymph node management.

Keywords Breast cancer · Breast surgery · Time trend · Patterns of care · Breast care unit · Axillary lymph node dissection · 
Sentinel lymph node biopsy · ACOSOG Z0011

Introduction

Breast cancer (BC) is the most frequently diagnosed malig-
nancy in women worldwide [1]. Mortality due to BC has 
declined over the last decade in most developed countries 
because of new developments in screening, diagnostics, and 
(neo)adjuvant systemic therapy in interdependency with 
structural (multidisciplinarity, specialized breast units) and 
quality improvement measures (evidence-based guidelines 
and certification processes) [2, 3]. These changes have been 
accompanied by a growing understanding of molecular 

genetics in the past decade [4, 5]. The increased knowledge 
has provided a new therapeutic view of BC as a heterogene-
ous disease that can be classified into different biological 
subtypes with various clinical and pathological features and 
different patterns of therapeutic response [6, 7]. This leads 
to the necessity of individually tailored treatment, which is 
implemented today for every single case within specialized 
breast units, through a multidisciplinary tumor board.

Besides the progress on outcome due to the advantages 
of (primary) systemic therapy [8], surgery is still an essen-
tial and obligatory part of treatment for the early stage BC. 
Since the important studies of Fisher et al. [9] and Veronesi 
et al. [10] 25 years ago, breast-conserving therapy (BCT) 
has become established as the standard treatment for most 
patients with the early BC, with oncological outcomes com-
parable to a more radical surgical approach. Surgical mor-
bidity has been further reduced during the past 2 decades 
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through the implementation of axillary staging via senti-
nel lymph node biopsy (SLND). It has been shown that the 
selective removal of the sentinel lymph node(s) has lower 
morbidity [11] with oncological outcomes equivalent to 
those of complete axillary lymph node dissection (ALND) 
[12]. Thus, SLND is the current standard of care for a clini-
cally unsuspicious axilla (cN0) [13, 14].

In recent years, the paradigm of compulsory completion 
with ALND upon finding positive sentinel lymph node(s) 
(SLN) has been called into question by several trials. The 
IBCSG 23-01 study showed that ALND could be avoided in 
patients with micrometastasis in SLN(s) [15]. The Ameri-
can College of Surgeons Oncology Group (ACOSOG) 
Z0011 trial was a further step in decreasing the morbid-
ity of the surgical procedure and thus tailoring the opera-
tion of the axilla more individually. This randomized trial 
investigated the impact of omitting an ALND in clinically 
node-negative patients with cT1-2 tumors and 1 or 2 posi-
tive sentinel nodes who had undergone BCT followed by 
radiation of the affected breast. In the ACOSOG Z011 trial, 
SLND alone resulted in equivalent local control, disease-free 
survival, and overall survival rates compared to those seen 
after complete ALND. [16]. The AMAROS trial was able 
to show similar loco-regional control rates for patients with 
cT1-2 cN0 tumors with a positive SNLD that were treated 
with radiotherapy of the axillary region as an alternative 
to ALND [17]. In the ACOSOG Z0011 trial, only patients 
with BCT were included, whereas, in AMAROSS, 17% of 
the patients received a mastectomy as surgical treatment of 
the breast.

To reconstruct the transitions of surgical management in 
routine management over the past decade, breast and axillary 
surgery patterns are shown in a time-trend analysis. There-
fore, the prospectively collected data of 6700 female cases 
with primary BC treated at a breast unit between 01.01.2003 
and 31.12.2016 under routine clinical management were 
analyzed.

Methods

Patient selection

In 2002, a patient registry was set up for the purpose of 
quality monitoring and improvement. Since 1st January 
2003, all patients treated at the Heidelberg University Breast 
Center have had data collected in a standardized way and 
entered into the registry at the time of their consultations and 
treatment. Here, we performed a post hoc analysis of that 
registry data. Our ethics commission provided approval to 
perform and report this analysis of data. All cases included 
in this cohort study are managed under certified conditions 
which were monitored frequently by a yearly re-certification 

process by the German certification board of the German 
Cancer Society (DKG) and the German Society of Senol-
ogy (DGS).

Patients from the registry were included in the present 
analysis if they had invasive or carcinoma-in situ cancer of 
the breast and were newly diagnosed or treated between 1st 
January 2003 and 31st December 2016, including a total 
of n = 7904 cases. Any one of the following characteristics 
led to exclusion from this analysis (in this order, in total 
n = 1204): male sex (n = 54), no primary diagnosis (n = 29), 
distant metastasis at the time of diagnosis (n = 429), and 
patients who did not receive surgery for whatever reason 
(n = 692), most of whom were reports to third parties in com-
bination with external surgery and/or adjuvant treatment. 
Thus, the final cohort for this study comprised n = 6700 
cases that had breast surgery between 2003 and 2016.

Statistical analysis

Breast and axillary surgical treatment patterns at the Heidel-
berg Breast Unit are presented here in a longitudinal time-
trend analysis. The information was analyzed descriptively 
and is presented as the annual percentage rate. Descriptive 
statistics were used to characterize the patient sample and 
the epidemiology of their tumor characteristics. Data were 
analyzed using SPSS software version 22 (IBM; Armonk, 
NY, USA). For visualization of the annual rates, the corre-
sponding graphs were generated in Excel 2016 (Microsoft; 
Redmond, WA, USA).

Results

Patient and tumor characteristics

The final study sample comprised n = 6700 cases who under-
went breast surgery. Among them, 5942 (88.7%) had inva-
sive carcinoma, and 758 cases (11.3%) had carcinoma-in 
situ (CIS). Most invasive BC cases were hormone-receptor 
positive (estrogen: 76.9%, progesterone: 70.8%) and HER-2 
negative (82.2%), and had a maximum tumor size of 2 cm 
(pT1: 61.3%, ypT1: 36.4%) and did not have axillary lymph 
node involvement (69.9%). The median age of the whole 
cohort was 57. Table 1 presents detailed patient and tumor 
characteristics.

Most of all cases underwent BCT (n = 4719 patients, 
70.4%). Axillary lymph node management for invasive car-
cinoma was provided for a total of 5942 patients. Among 
them, 2928 patients (49.3%) had SLND alone, 2178 (36.7%) 
had ALND alone, 742 (12.5%) had SLND with subsequent 
ALND (i.e., completion of the axillary dissection), and 
94 (1.6%) had no axillary intervention. Among the 5942 
patients with invasive breast cancer, 2659 (44.8%) had 
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Table 1  Patient and tumor 
characteristics of all female 
cases with primary, non-
metastatic breast cancer who 
had surgery at the Heidelberg 
University Breast Care Unit 
between 01.01.2003 and 
31.12.2016 (n = 6700)

Total cases (n = 6700) Number of cases Percent (%)

Patient characteristics
 Age at diagnosis in years (n = 6700)

  Median 57 years
  < 51 2228 33.3
  51–65 2639 39.4
  > 65 1833 27.4
  Total 5816 100.0

 Menopausal status (n = 6700)
  Pre 2121 31.7
  Peri 338 5.0
  Post 4123 61.5
  Missing 118 1.8
  Total 6700 100.0

 Affected breast (n = 6700)
  Left 3403 50.8
  Right 3297 49.2
  Total 6700 100.0

Tumor characteristics
 Main tumor histology (n = 6700)

  In situ carcinoma 758 11.3
  Invasive carcinoma 5942 88.7
  Invasive ductal carcinoma 5070 85.3
  Invasive lobular carcinoma 803 13.5
  Other (e.g., invasive medullar/mixed) 69 1.2
  Total 6700 100.0

 pT stage for invasive cases without neoadjuvant chemotherapy (n = 4674)
  pT1 2866 61.3
    pT1a 249
    pT1b 777
    pT1c 1820
    pTmic 9
    Unknown 11
  pT2 1462 31.3
  pT3 222 4.7
  pT4 77 1.6
  pTx/missing 47 1.0
  Total 4674 100.0

 YpT stage for invasive cases after neoadjuvant chemotherapy (n = 1268)
  YpT0 429 33.8
  YpTis 35 2.8
  YpT1 461 36.4
    YpT1a 104
    YpT1b 118
    YpT1c 221
    YpTmic 14
    Unknown 4
  YpT2 222 17.5
  YpT3 82 6.5
  YpT4 31 2.4
  YpTx/missing 8 0.6
  Total 1268 100.0

 N stage for invasive cases (n = 5942)
  (y)pN0 4156 69.9
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pCR pathological complete response, NACT  neoadjuvant chemotherapy, SLND sentinel lymph node dissec-
tion, ALND axillary lymph node dissection

Table 1  (continued) Total cases (n = 6700) Number of cases Percent (%)

  (y)pN1 1055 17.8
  (y)pN2 364 6.1
  (y)pN3 230 3.8
  (y)pNx 137 2.3
  Total 5942 100.0

 Grading (invasive cases, n = 5942)
  Grade 1 989 16.6
  Grade 2 3125 52.6
  Grade 3 1328 22.3
  Missing (mostly due to pCR after NACT) 500 8.4
  Total 5942 100.0

 Estrogen receptor status (invasive cases, n = 5942)
  Positive 4569 76.9
  Negative 816 13.7
  Missing (due to pCR after NACT) 557 9.4
  Total 5942 100.0

 Progesterone receptor status (invasive cases, n = 5942)
  Positive 4207 70.8
  Negative 1165 19.6
  Missing (mostly due to pCR after NACT) 570 9.6
  Total 5942 100.0

 HER2 receptor status (invasive cases, n = 5942)
  Positive 486 8.2
  Negative 4899 82.4
  Missing (mostly due to pCR after NACT) 557 9.4
  Total 5942 100.0

Surgical therapy
 Breast surgery (n = 6700)

  Breast-conserving therapy—overall 4719 70.4
  Mastectomy—overall 1981 29.6
  Total 6700 100.0
  Breast-conserving therapy—invasive 4156 69.9
  Mastectomy—invasive 1786 30.1
  Total 5942 100.0
  Breast-conserving therapy—in situ 563 74.3
  Mastectomy—in situ 195 25.7
  Total 758 100.0

 Axillary lymph node management invasive (n = 5942)
  SLND only 2928 49.3
  SLND + ALND 742 12.5
  ALND only 2178 36.7
  None 94 1.6
  Total 5942 100.0

Chemotherapy
 Chemotherapy (n = 2659)

  Neoadjuvant chemotherapy 999 37.6
  Adjuvant chemotherapy 1660 62.4
  Total 2659 100.0
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chemotherapy, of whom 1660 (62.4%) underwent adjuvant 
chemotherapy (ACT), and 999 (37.6%) underwent neoadju-
vant chemotherapy (NACT).

Changes in breast and axillary surgery 
between 2003 and 2016

BCT rates were analyzed for the whole cohort as well as 
separately for invasive vs. CIS tumors and NACT vs. ACT 
between 2003 and 2016. The proportion of all patients who 
underwent BCT has declined from 83.5% in 2003 to 61.4% 
in 2006 (the lowest annual rate) and then remained stable in 
the past decade until 2016 on a somewhat higher level (2016: 
72.3%, mean 2003–2016: 70.4%). There are almost paral-
lel developments separately for invasive vs. in situ tumors 
(Fig. 1). Concerning invasive cases with adjuvant vs. neo-
adjuvant therapy, there were almost similar rates of BCT in 

the recent years, although the BCT rates for NACT cases 
were significantly lower than for ACT cases in 2005–2008 
(2003: 78.2% vs. 84.9%; 2016: 68.7% vs. 62.6%); (Fig. 2).

Axillary management patterns were analyzed for the 
whole cohort and also separately for the management after 
BCT vs. after mastectomy, and for invasive cases with 
NACT vs. ACT for 2003–2016. A distinct development is 
visible here: the proportion of ALND alone has declined 
from 80.1% in 2003 to 16.0% in 2016, while the proportion 
for SLND (alone) has increased correspondingly from 10.3 
to 76.4% (Fig. 3a). Separately concerning the performed 
breast surgery procedure, there was a higher rate of SLND 
as axillary staging for patients with BCT (2016: 84.1%) 
in comparison to patients with mastectomy (2016: 58.5%) 
(Fig. 3b, c).

The overall lymph node findings after axillary staging 
(including SLND + ALND) were analyzed as well, in total 

Fig. 1  Breast-conserving 
therapy rates for invasive vs. 
in situ 2003–2016. BCT breast-
conserving therapy

Fig. 2  Breast-conserving 
therapy rates for invasive cases 
concerning NACT vs. ACT 
2003–2016. BCT breast-
conserving therapy, NACT  
neoadjuvant chemotherapy, ACT  
adjuvant chemotherapy
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Fig. 3  Axillary management 
2003–2016: all cases (a), cases 
with breast-conserving therapy 
(b), and cases with mastectomy 
(c). SLND sentinel lymph node 
dissection, ALND axillary 
lymph node dissection, BCT 
breast-conserving therapy, Mx 
mastectomy
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and separately for the ACT vs. NACT group (Fig. 4). A simi-
lar trend is visible here: the average number of lymph nodes 
removed has declined over the study period, both in the 
ACT group (Fig. 4a) and in the group after NACT (Fig. 4b). 
However, in the group after NACT, the average number of 
lymph nodes affected has declined in comparison to the ACT 
group. Thus, the ratio of how many lymph nodes had to 
be removed for every affected lymph node is still higher in 
the NACT group, although, over the time period, the ratio 
remained stable in both groups, in favor of the ACT group.

Adoption of the ACOSOG Z0011 and AMAROS trials 
into clinical practice

We have analyzed the rates of completion ALND over 
time along the ACOSOG Z0011 trial results [16], as an 

example of the adoption of new findings from clinical 
trials into routine management. Since the presentation of 
those trial results in 2010 at Annual Meeting of the Amer-
ican Society of Clinical Oncology (ASCO), a rising per-
centage of patients have been treated accordingly to those 
results (2008: 0.0% vs. 2016: 75.6%) (Fig. 5a). On the 
other hand, another relevant trial with equivalent inten-
tion has not been implemented in a comparable matter. 
Applying the AMAROS study criteria, our results suggest 
that only a low proportion of patients with positive SLNs 
have been treated by axillary radiotherapy only in recent 
years as recommended by that clinical trial (2016: 8.6%) 
(Fig. 5b).

Fig. 4  Overall lymph node dis-
section results 2003–2016. ACT  
adjuvant chemotherapy, a before 
adjuvant chemotherapy, b after 
neoadjuvant chemotherapy. 
NACT  neoadjuvant chemother-
apy, LN lymph nodes
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Discussion

Specialized breast units are in front to bring changing rec-
ommendations based on new evidence from clinical trials 
into routine practice. Although periodic evaluations are 
required as part of the implementation of re-certification 
audits and national benchmarking processes, it can be use-
ful to analyze the outcome of these patterns of care over a 
longer period as already done for this cohort [18].

The general time-trend for our cohort during the past 
decade follows a development towards more individually 
tailored and less invasive treatment concepts for selected 
patient subgroups. In particular, this development involves: 

first, systemic treatment with a rising portion of primary 
systemic therapy [8]; second, surgery, as it was the focus 
in this study.

Concerning surgery, a noteworthy trend was the rising 
rate for SLNB from 10% in 2003 to almost 80% in 2016, 
which was introduced first into clinical practice in the late 
1990s [19, 20]. Thus, ALND as a primary staging procedure 
was replaced completely by SLNB in clinically node-neg-
ative patients, which has reduced the associated morbidity 
for most BC patients. Concerning the surgical procedure in 
the breast, the proportion BCT (ca. 70%) and mastectomy 
(ca. 30%) stayed more or less unchanged during the past 
decade. In other words, BCT with subsequent radiotherapy 

Fig. 5  Applying recent study 
results concerning omission 
of completing axillary lymph 
node dissection in patients with 
tumor involved sentinel lymph 
nodes: ACOSOG Z0011 (a) 
and AMAROS (b) study. ALND 
axillary lymph node dissection, 
SLND sentinel lymph node 
dissection, axillary RTx axillary 
radiotherapy
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has remained the standard treatment. Its equivalency to 
mastectomy regarding survival has been well established 
since the main trials from Veronesi et al. 25 years ago [21]. 
Nonetheless, mastectomy was performed on average in about 
25–30% of our registry sample each year during the study 
period, comparable to epidemiologic rates [22].

For patients who underwent mastectomy, the rate of 
ALND declined from almost 90% in 2003 to less than 40% 
in 2016. The rising rate for primary systemic therapy and the 
increase of a pathologic complete response in recent years 
might be related to a decreasing rate of patients who have 
a positive SLND result after neoadjuvant chemotherapy. 
For these patients, subsequent axillary completion could be 
spared. The overall rate of affected lymph nodes after NACT 
is also lower than in the ACT patients, supporting the effec-
tiveness of primary systemic therapy.

The rates of BCT and mastectomy during the past dec-
ade in our registry have been comparable to results on 
the European level presented by the European Society 
of Breast Cancer Specialists (EUSOMA) [22]. A rising 
rate of mastectomies, as reported in the US (due to pro-
phylactic procedures, extended genetic testing, and rising 
assumed individual safety awareness), was not observed in 
our cohort [23, 24]. Despite this recent rise of mastectomy 
rates, the general trend toward less invasive treatment 
options remains indisputable [25], and further impacts on 
guideline recommendations can be expected. The latest 
important controversy was generated by the ACOSOG 
Z0011 trial. The results (which were controversial due to 
study design reasons) implied the waiving of ALND even 
for subgroups of the early breast cancer patients with 1–2 
positive lymph nodes and breast conservation treatment 
with guideline-adherent adjuvant therapy [15, 16]. Moreo-
ver, further results from a study by Dengel et al. imply 
that a subsequent ALND could be avoided according to 
the ACOSOG Z0011 inclusion criteria for approximately 
85% of patients with clinically node-negative disease who 
underwent BCT in routine clinical practice and were found 
to have positive sentinel nodes. The remaining patients 
with either gross extracapsular extension or ≥ 3 positive 
nodes are at high risk for extensive residual axillary dis-
ease and a completion axillary dissection is still warranted 
[26]. Due to the high impact and controversy that was cre-
ated by the ACOSOG Z0011 study, we also applied those 
study criteria to our study sample. This was done to show 
how new research results were integrated into routine care 
over time. In our study sample, a rising portion of patients 
were treated according to the ACOSOG Z0011 criteria (up 
to 75% in 2016), which shows the rapid uptake, since the 
results were presented in 2010 at ASCO annual meeting, 
but not yet considered by official guideline recommenda-
tions. Furthermore, for a monocentric U.S. cohort, this 
rate of 75% for the implementation of the ACOSOG Z0011 

results was reported already for the year 2012 [27], i.e., 
2–3 years earlier than in our cohort. Nonetheless, omitting 
ALND according to ACOSOG Z0011 also implies a rele-
vant impact on adjuvant treatment decisions due to the loss 
of the prognostic value of the number of affected lymph 
nodes in the axilla, which should be considered in this 
context, as reported earlier [28]. Although the AMAROS 
study had similar results suggesting axillary radiotherapy 
instead of ALND, it did not have a relevant impact on 
treatment decision for patients with positive SLN(s) in our 
study sample. Most of the patients enrolled in the AMA-
ROS trial were treated without axillary lymph node dis-
section or axillary radiotherapy according to the results of 
the ACOSOG Z0011 study [29]. Moreover, neither study 
considered the potential effect of primary systemic therapy 
on affected axillary lymph nodes by excluding patients 
after treatment with NACT [30]. In clinical routine, about 
two-thirds of patients receiving chemotherapy today are 
treated in a neoadjuvant setting [8]. Despite the discrep-
ancy between the implementation of ACOSOG Z0011 
vs. AMAROS, the results presented here in a time-trend 
analysis from a single breast care unit show a remarkable 
uptake of results from recent clinical research into routine 
practice. Future study results might specify cohorts with 
clinically nodal-negative axilla who do not need any surgi-
cal axillary staging with SLND at all, e.g., results from the 
running INSEMA trial [31].

Conclusions

Our results reflect the fundamental developments in surgi-
cal management of early BC patients in the past decade in a 
specialized breast unit. BCT is still the standard procedure 
for most patients. A rising number of patients have been 
spared the unnecessary morbidity of ALND in the past dec-
ade, mainly due to implementation of the SLND technique. 
Future trials will define more precise subgroups that might 
be spared from any unnecessary axillary intervention. Fur-
thermore, the impact of NACT for breast and axillary surgi-
cal management should be answered in future trials.
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