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Abstract Background: Practice indicators (PI) measure provided care making use of real- 
world data. This study describes trends and variations in adjuvant treatment of early breast 
cancer (EBC) using the European Society of Breast Cancer Specialists (EUSOMA) database.
Methods: The analysis was conducted on anonymous cumulative data registered by 56 cer
tified breast centres, which all entered at least 500 new diagnoses in the database in the 10-year 
period 2010–2019. Practice trends of radiotherapy, endocrine treatment, chemotherapy, and 
anti-HER2 therapy were evaluated. The association with age group (< 50, 50–69, ≥70) and 
geographical area of the centre (Northern, Central, Southern Europe; NE, CE, SE) was as
sessed with the Pearson Chi2 test for independence in contingency tables.
Results: In total, 150,150 patients with EBC were selected. Overall, radiotherapy was ad
ministered more frequently in NE centres, and conversely, endocrine, chemo-, and anti-HER2 
therapy were used more frequently in SE centres (p < 0.001). 46.9% of the pN1 patients 
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received postmastectomy radiotherapy, with significant differences by age and geographical 
region (p  <  0.001). Adjuvant endocrine treatment for endocrine-sensitive carcinoma in situ 
was administered in 46.1%, with a decreasing trend during the study period (58.5–34.5%; 
p  <  0.001). Anti-HER2 therapy was delivered in 75.6% of all patients with HER2BC T1a/ 
bN0, patients older than 70 received anti-HER2 in 67.6% in SE compared to 31.3% in NE 
centres.
Conclusion: Important variations in EBC management between European certified breast 
centres have been demonstrated. PI using real-world data can help to monitor, evaluate, and 
eventually guide and align good clinical practice in the management of breast cancer.
© 2023 Published by Elsevier Ltd. 

1. Introduction

Survival of breast cancer (BC) varies substantially 
worldwide, but standard of care practice also differs 
between countries and regions [1,2]. To improve global 
cancer survival, monitoring of different national and 
regional healthcare programs, reaching down to prac
tices at the individual centre level becomes crucial [1].

Besides surgery, medical oncology and radiation 
oncology play an essential role in the management of 
early and locally advanced BC. The European Society 
for Medical Oncology takes care of updates on practical 
guidelines for the management of early BC [3]. Un
fortunately, few data about the real-world use of dif
ferent treatments and adherence to the guidelines in 
Europe are available [4–9].

Recommendations specifically focusing on the man
agement of older patients with BC were recently up
dated [10]. Real-world data about the treatment of older 
patients at the population level were published by the 
EURECCA Breast Cancer Group and suggested a lack 
of consensus on how to treat geriatric patients [11].

For early BC, different subgroups were identified for 
adjuvant radiotherapy, the highest survival benefit being 
observed in patients with ≥4 positive lymph nodes 
[12,13]. Large variations in the use of radiotherapy for 
cancer patients altogether are observed across Europe 
[14]. For BC, considerable practice variation has been 
reported for indication, radiation dose, fractionation, 
and treatment planning [15].

Moreover, optimal management of ductal carcinoma 
in situ (DCIS), namely the role of adjuvant endocrine 
treatment, remains a challenge [16,17]. Real-world data 
related to this topic are rare and, to our knowledge, 
currently unavailable for Europe [18,19].

The first step to decrease practice variation is to re
veal existing practice differences between countries and 
institutes. This study aims to report on the real-world 
use of adjuvant systemic therapy and radiotherapy for 
early BC in breast centres undergoing the European 
Society of Breast Cancer Specialists (EUSOMA) certi
fication.

2. Material & methods

2.1. Data sources

The EUSOMA database is a central data warehouse of 
prospectively collected information, including records on 
primary BC cases diagnosed and treated in European 
breast centres that undergo the voluntary certification 
process and wish to participate in benchmarking and 
research activities. The EUSOMA database includes a set 
of quality indicators incorporated by the breast centres to 
allow standardised auditing and quality assurance. The 
database was started in 2006 and includes (dec.2021) over 
200,000 patients. For this study, from the anonymous 
data of 67 European breast centres (Belgium = 8; The 
Netherlands = 2; Sweden = 1; Austria = 2; Switzerland = 5; 
Germany = 16; France = 1; Portugal = 3; Italy = 26; 
Spain = 1; Croatia = 1; Cyprus = 1) in the period 
2010–2019, data from the centres with at least 500 new 
diagnoses were selected. To comply with privacy regula
tions, for the selected 56 centres, the name of the country 
was removed, and only the geographical area of each centre 
(Northern [Belgium, The Netherlands, Sweden], Central 
[Austria, France, Germany, Switzerland], and Southern 
[Italy, Portugal] Europe; NEuropean, CEuropean, and 
SEuropean) is available.

2.2. Practice indicators

The practice indicators (PI) were derived from the quality 
indicators published by EUSOMA [20]. For PI focused on 
older patients, specific recommendations were used [6].

2.3. Statistical analyses

The PI are classified into four domains: radiotherapy, 
endocrine treatment, triple-negative BC (TNBC), and 
HER2+ BC (HER2BC). Each PI is a proportion based 
on an eligibility criterion (the denominator) and another 
criterion selecting the subset of cases to be assessed (the 
numerator). For each PI, the association with age group 
(< 50, 50–69, ≥70) and geographical area of the breast 
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Table 1 
Breast cancer in Europe, EUSOMA-data [2010–2019]; practice indicators and association with age and geographical area of centres. 

Demographics
Total Northern EU Central EU Southern EU

N patients registered in EUSOMA 150,150 
(100%)

18,894 (13%) 41,826 
(28%)

89,430 
(59%)

N breast centres 56 9 21 26
Average N patients registered by centre 2681 2099 1992 3440
N of patients registered by year

2010 8324 620 5888 1816
2011 10,140 1216 6089 2835
2012 9324 1300 4616 3408
2013 11,317 1625 3544 6148
2014 14,437 1570 3376 9491
2015 16,243 1676 4258 10,309
2016 17,848 2456 3505 11,887
2017 19,554 2694 3113 13,747
2018 20,084 2599 3036 14,449
2019 22,879 3138 4401 15,340

Age of patients at diagnosis p  <  0.0001
< 50 42,293 

(29%)
4421 
(24%)

9556 
(23%)

28,316 
(32%)

50–69 69,584 
(47%)

9116 
(50%)

20,674 
(51%)

39,794 
(26%)

≥70 34,701 
(24%)

4849 
(26%)

10,630 
(26%)

19,222 
(22%)

Missing 3572 
(-)

508 
(-)

966 
(-)

2098 
(-)

Practice indicators
Radiotherapy Total N n n/N (%) Association with 

agea (p-value)
Association with 
geographical area of 
the centre (p-value)

PI1 - Radiotherapy after breast-conserving surgery 
for invasive BC

69081 63,981 92,6% p  <  0.0001 p  <  0.0001

PI2 - Radiotherapy after mastectomy for BC  
≤ pT2N0

12,846 1480 11,5% p  <  0.0001 p  <  0.0001

PI3 - Radiotherapy after mastectomy for BC pN1 8162 3829 46,9% p  <  0.0001 p  <  0.0001
PI4 - Radiotherapy after mastectomy for BC pN2/3 6083 5168 85,0% p  <  0.0001 p  <  0.0001
Endocrine treatment in endocrine-sensitive BC
PI5 - Endocrine treatment in operated endocrine- 

sensitive invasive BC
72,749 68,590 94,3% p  <  0.0001 p  <  0.0001

PI6 - Endocrine treatment in operated endocrine- 
sensitive in situ BC

5086 2343 46,1% p  <  0.0001 p  <  0.0001

PI7 - Patients with endocrine-sensitive invasive BC 
with endocrine treatment but no surgery

89,517 2427 2,7% p  <  0.0001 p  <  0.0001

PI8 - Patients with endocrine-sensitive in situ BC 
with endocrine treatment but no surgery

3387 51 1,5% p  <  0.0001 p  <  0.0001

TNBC
PI9 - Patients with TNBC T  >  1 and N0 receiving 

chemotherapy
778 628 80,7% p  <  0.0001 p  <  0.0001

PI10 - Patients with TNBC N+ receiving 
chemotherapy

1139 987 86,7% p  <  0.0001 p = 0.0013

HER2+ BC
PI11 - Patients with HER2+ BC  > 1 cm or  

N+ receiving (neo-)adjuvant chemotherapy and 
no anti-HER2 therapy

6379 505 7,9% p = 0.0085 p  <  0.0001

PI12 - Patients with HER2+ BC  > 1 cm or  
N+ receiving (neo-)adjuvant chemotherapy and 
trastuzumab

6379 5726 89,8% p = 0.0219 p  <  0.0001

PI13 - Patients with HER2+ BC ≤1 cm and N0 
receiving adjuvant trastuzumab

1317 996 75,6% p  <  0.0001 p  <  0.0001

a For the association with age, only patients with known age were included in the analysis; PI, practice indicator; BC, breast cancer; 
TNBC, triple-negative BC; EUSOMA, European Society of Breast Cancer Specialists.  
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centre (NEuropean, CEuropean, SEuropean) was as
sessed with the Pearson Chi2 test for independence in 
contingency tables. Time trends have been assessed by 
the Chi2 test for trends in proportions.

3. Results

3.1. Patient population

In total, 150,150 patients were included. Table 1 shows the 
distribution of the study population by geographical area of 
the centre, by year, and by age group. Contributions to the 
data set were delivered by 9 NEuropean centres, 21 
CEuropean centres, and 26 SEuropean centres covering the 
registration of 18,894 patients (13%), 41,826 patients (28%), 
and 89,430 patients (59%), respectively. Fig. 1 depicts the 
proportional contribution of the three geographical groups 
of centres throughout the study period. NEuropean centres 
contributed stable in time, in contrast with the decreasing 
contribution of CEuropean centres and increasing con
tribution of SEuropean centres in time. The overall dis
tribution of the registered patients by age category is very 
similar in centres located in NEurope and CEurope, 
23–24% < 50, 50–51% 50–69, and 26% ≥70, but differs in 
centres located in SEurope where 32% of the population 
was < 50, 26% 50–69, and 22% ≥70 (p  <  0.0001).

3.2. Practice indicators

The results of the 13 PI can be found in Table 1.

3.2.1. Radiotherapy: PI 1–4
3.2.1.1. PI1 Radiotherapy after breast-conserving surgery 
(BCS) for invasive BC 
Out of 69081 patients with BCS, 63,981 received adjuvant 
radiotherapy (92.6%). Patients older than 70 received sig
nificantly less adjuvant radiotherapy (82%) in comparison 
to younger patients (96%), p < 0.001. Patients treated in 
NEuropean centres received significantly more radio
therapy in comparison to the rest, p < 0.001.

3.2.1.2. PI2-4 Radiotherapy after mastectomy (PMRT) 

a) For BC ≤pT2N0; 11.5% (N = 1480) of the patients received 
PMRT; a significant declining trend is noted throughout 
the study period, p = 0.005 (Fig. 2). Patients older than 70 
received significantly less PMRT (8%) in comparison to 
younger patients (12–13%), p  <  0.001. Patients treated in 
NEuropean centres received significantly more PMRT in 
comparison to the rest (NEurope 24%, CEurope 13%, 
SEurope 8%), p  <  0.001.

b) For BC pN1; 46.9% of the patients received PMRT, with 
fluctuating results in time. There was a significant asso
ciation with age groups and with geographical area, 
p  <  0.001 (Fig. 3).

c) For BC pN2/3; 85% of the patients received PMRT, with 
stable results in time, p = 0.387. There was a significant 
association with age groups and with geographical area, 
p  <  0.001. In general, patients older than 70 received less 
PMRT, and patients in NEuropean centres re
ceived more PMRT.

3.2.2. Endocrine treatment in endocrine-sensitive BC: PI 5–8
3.2.2.1. PI5-6 Endocrine treatment in operated endocrine- 
sensitive BC 

a) Invasive BC; 68,590 out of 72,749 patients (94.3%) received 
adjuvant endocrine treatment. There was a significant as
sociation with age groups (p  <  0.001), 95% in patients 
younger versus 92% in patients older than 70, and with 
the geographical area (p  <  0.001), patients receiving gen
erally more endocrine treatment in SEuropean centres 
(NEurope 91%, CEurope 92%, SEurope 97%). Throughout 
the study period, the overall result remained > 90% (Fig. 5).

b) In situ BC; 46.1% of the patients received adjuvant endocrine 
treatment, and the associations with age groups and geo
graphical area were significant, p  <  0.001) (Fig. 4). Patients in 
SEuropean centres received generally more endocrine treat
ment (52% in SEurope versus 39–41% in N/CEurope). There 
is a decreasing trend throughout the study period, from 
58.5% in 2010 to 34.5% in 2019, p  <  0.001 (Fig. 5).

3.2.2.2. PI7-8 Patients with endocrine-sensitive BC with 
endocrine treatment but no surgery 

a) Invasive BC; 2.7% of the patients (N = 2427) received en
docrine treatment and no surgery of the primary tu
mour; the associations with age groups and geographical 
area were significant (p  <  0.001), in NEuropean 7%, 
CEuropean 4%, and SEuropean centres 1%.

b) In situ BC; 1.5% of the patients (N = 51) received endocrine 
treatment and no surgery of the primary tumour; the as
sociations with age groups and geographical area were 
significant (p  <  0.001), in NEuropean 4%, CEuropean 
4%, and SEuropean centres 0%.

3.2.3. Chemotherapy practice in TNBC: PI 9-10
3.2.3.1. PI9-10 Patients with TNBC receiving chemotherapy 

a) T  >  1 and N0; 628 out of 778 patients (80.7%) received 
(neo-)adjuvant chemotherapy; the associations with age 
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Fig. 1. Breast cancer in Europe, EUSOMA-data [2010–2019]; 
proportional registration contribution during the study period, by 
geographical area of the centre.
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groups and geographical area were significant (p  <  0.001). 
Patients older than 70 received significantly less chemotherapy 
(47%) compared to younger patients (> 90%), as did patients 
treated in NEuropean centres in comparison to the rest 
(NEurope 66%, CEurope 73%, SEurope 86%) (Fig. 6).

b) N+; 86.7% of the patients received (neo-)adjuvant che
motherapy; the associations with age groups and 

geographical area were significant. Patients older than 70 
received significantly less chemotherapy (70%) compared to 
younger patients (> 95%), p  <  0.001, as did patients 
treated in CEuropean centres in comparison to the rest 
(NEurope 88%, CEurope 81%, SEurope 89%), p = 0.0013.

3.2.4. HER2BC treatment: PI 11–13
3.2.4.1. PI11 Patients with HER2BC ≤1 cm and N0 receiving 
adjuvant trastuzumab 
In total, 75.6% (N = 996) of the patients received tras
tuzumab. Both the associations with age groups and 
geographical area were significant. Patients older than 
70 received significantly less trastuzumab (59%) in 
comparison to 50–69-year-old patients (76%) and pa
tients younger than 50 (83%), p  <  0.001. Patients 
treated in SEuropean centres received more trastu
zumab in comparison to the rest (NEurope 68%, 
CEurope 67%, SEurope 79%), p  <  0.001.

3.2.4.2. PI12-13 Patients with HER2BC > 1 cm or N+ 

a) Receiving (neo-)adjuvant chemotherapy and no biological 
drug; 7.9% (N = 505) of the patients received che
motherapy without a biological drug. There was a sig
nificant association with age groups (p = 0.0085), 
although the variation was small. Differences between 
geographical areas were significant with 8% in 
NEuropean, 14% in CEuropean, and 6% in SEuropean 
centres (p  <  0.001).

b) Receiving (neo-)adjuvant chemotherapy and trastuzumab; 
89.8% (N = 5726) of the patients received chemotherapy 
and trastuzumab combined. There was a significant asso
ciation with age groups (p = 0.0219), although the variation 
was small. Differences between geographical areas were 
significant, with 87% in NEuropean, 83% in CEuropean 
and 92% in SEuropean centres (p  <  0.001).

4. Discussion

This study reveals a considerable variation in adjuvant 
treatment practice of early BC within a selection of 
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Fig. 3. Breast cancer in Europe, EUSOMA-data [2010–2019]; 
radiotherapy practice after mastectomy for breast cancer pN1, by 
age and by geographical area of the centre.
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situ breast cancer, by age and by geographical area of the centre.
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European breast centres that undergo the voluntary 
EUSOMA certification and wish to participate in 
benchmarking and research activities. Overall, radio
therapy is administered more frequently in NEuropean 
centres, and conversely, endocrine treatment, che
motherapy, and anti-HER2 treatment are used more 
frequently in SEuropean centres. Substantial practice 
variation was observed as for radiotherapy for BC with 
minimal lymph node invasion and endocrine treatment 
for in situ BC.

4.1. Radiotherapy practice

Our results show a geographical trend, with generally 
more radiotherapy administration in NEuropean cen
tres. Moreover, the association between age and the use 
of radiotherapy was consistently smaller in NEuropean 
centres.

In our study, adjuvant radiotherapy after BCS was 
offered to the majority (82%) of patients aged 70 or 
older. Randomised controlled trial data showed that, in 

older women, radiotherapy after BCS with adjuvant 
endocrine treatment resulted in only a modest reduction 
in local recurrence without a difference in survival [21].

For PMRT, the clinical benefit in patients with high- 
risk disease has been demonstrated several years ago 
[22]. An important meta-analysis demonstrated that, 
both for patients with four or more (pN2/3) and patients 
with one to three positive nodes (pN1), radiotherapy 
reduces loco-regional recurrence and BC mortality [12]. 
In 2016, updated guidelines were proposed for PMRT, 
recommending to strongly consider radiotherapy in 
patients with pN1 [23]. Nevertheless, the advantage in 
the latter population is often debated [24,25]. The ob
served time trends of the PI in our study nicely illustrate 
the uniform practice for high-risk disease (pN2/3) 
throughout the study period, in clear contrast with the 
heterogeneous practice for pN1 disease. For pN1 dis
ease, after a decreasing trend was noted between 2010 
and 2014, a catch-up process is observed, illustrating the 
ongoing debate on this indication throughout the study 
period. In our study, 47% of the patients with pN1 
disease were treated with PMRT, ranging from 34% in 
SEuropean to 82% in NEuropean centres.

A similar controversy exists for PMRT among node- 
negative (pN0) patients with large primary tumour size 
(≥5 cm) [26]. In our study, even for pN0 patients with 
tumour size smaller than 5 cm PMRT was given in 12%, 
ranging from 8% in SEurope to 24% in NEuropean 
centres.

4.2. Endocrine treatment practice

Our results reveal a geographical trend, with generally 
more endocrine treatment administration in SEuropean 
centres for invasive and in situ disease.

Tamoxifen reduces rates of ipsi- and contralateral BC 
recurrence and increases event-free survival; however, 
no difference in overall survival and more side-effects 
were observed [27]. Dose de-escalation of adjuvant 
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tamoxifen for intraepithelial neoplasia was shown to be 
effective at DCIS/invasive recurrence or contralateral 
BC without significant toxicity [28]. Recent findings 
suggest that cost-effective and clinical optimal treatment 
strategy of DCIS is surgery with radiotherapy for 
standard risk and surgery alone for good-risk DCIS 
[29]. The real-world data presented in our study reflect 
the ongoing search for optimal care, showing that ad
juvant endocrine treatment for endocrine-sensitive in 
situ carcinoma is administered in one out of two pa
tients in the EUSOMA-certified breast centres. Dif
ferent national guidelines on this topic within Europe 
are known to play a role. In general, a decreasing trend 
is observed during the study period, from 59% of the 
patients who received adjuvant endocrine treatment in 
2010 to 35% in 2019.

A place for primary endocrine treatment for elderly 
patients with early BC was demonstrated, with inferior 
local disease control but non-inferior survival compared 
to surgery [30,31]. Recently updated recommendations 
acknowledge this role in a specific setting [10]. The real- 
world data in our study reflect on the period prior to 
these latest recommendations, showing that 7% of el
derly patients with endocrine-sensitive BC received pri
mary endocrine treatment. Differences between 
NEuropean and SEuropean centres were substantial, 
ranging from 16% to 3%, respectively.

4.3. Chemotherapy practice for TNBC

TNBC is a heterogeneous disease with generally the 
worst prognosis of all BC [32]. The management of 
TNBC is continuously evolving, with particularly che
motherapy playing a central role [33].

Real-world data on chemotherapy administration in 
elderly BC patients showed a marked variation within 
Europe [11]. Unfortunately, data on chemotherapy use 
by molecular subtype are scarce. Our results revealed 
that, in TNBC, age plays a dominant role in the decision 
to start chemotherapy, with more than 90% of the pa
tients younger than 70 receiving chemotherapy com
pared to 50–60% of the older patients. This result is in 
line with the latest recommendations [10].

4.4. Anti-HER2 treatment practice

Current guidelines restrict anti-HER2 treatment to 
HER2BC ≥0.5 cm (T1a), also in geriatric patients [3,10]. 
However, a recent population-based cohort study eval
uated women with T1a/bN0 HER2BC, showing a BC 
recurrence of 3% with trastuzumab versus 12% without, 
and, respectively, a 5-year overall survival of 100% 
versus 90% [34].

In our study, anti-HER2 therapy was delivered in 
76% of all patients with HER2BC T1a/bN0 and in 59% 

of the patients older than 70. Moreover, of the patients 
older than 70, in SEuropean centres 68% received anti- 
HER2 compared to 31% in NEuropean centres.

4.5. Strengths and limitations

Even though our study selects on EUSOMA-certified 
treatment centres, thereby introducing bias, we believe 
that real-world data on the management of early BC in 
recognised breast centres throughout Europe are a va
luable source of information and provide supplementary 
information compared with data from randomised 
controlled trials. Recent CONCORD-3 data show dif
ferences in the 5-year survival of BC in the countries 
participating to this study, age-standardised 5-year 
survival ranging from 84.8% in Austria to 88.8% in 
Sweden, which emphasises the need to reflect on dif
ferences in daily practice between European countries 
and areas [1]. Unfortunately, the country of each centre 
needed to be anonymised and only the geographical 
area of each centre could be used, which limits the 
profundity of the geographical analyses. In addition, the 
choice to consider Belgium and The Netherlands as 
Northern Europe, together with Sweden, was pragmatic 
to enlarge the proportion of Northern European cen
tres and not completely in line with European refer
ences [35].

4.6. Concluding remarks

Important variations in BC management in certified 
breast centres throughout Europe were revealed, pre
sumably often grounded in a lack of clear evidence- 
based guidelines. Real-world data show opportunities 
supplementary to randomised controlled trial data, and 
PI making use of real-world data can help to monitor, 
evaluate, and eventually guide and align good clinical 
practice in the management of BC. International data
bases such as EUSOMA, which provide information on 
delivered care, are interesting both for benchmarking 
and improvement projects.
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