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Variation in treatment and survival of older patients with non-
metastatic breast cancer in five European countries: a
population-based cohort study from the EURECCA Breast
Cancer Group
Marloes G. M. Derks 1, Esther Bastiaannet1,2, Mandy Kiderlen1, Denise E. Hilling1, Petra G. Boelens1, Paul M. Walsh3,
Elizabeth van Eycken4, Sabine Siesling5, John Broggio6, Lynda Wyld7, Maciej Trojanowski8, Agnieszka Kolacinska9,
Justyna Chalubinska-Fendler10, Ana Filipa Gonçalves11, Tomasz Nowikiewicz12, Wojciech Zegarski12, Riccardo A. Audisio13,
Gerrit-Jan Liefers1, Johanneke E. A. Portielje14 and Cornelis J. H. van de Velde1 on behalf of the EURECCA Breast Cancer Group

BACKGROUND: Older patients are poorly represented in breast cancer research and guidelines do not provide evidence based
recommendations for this specific group. We compared treatment strategies and survival outcomes between European countries
and assessed whether variance in treatment patterns may be associated with variation in survival.
METHODS: Population-based study including patients aged ≥ 70 with non-metastatic BC from cancer registries from the
Netherlands, Belgium, Ireland, England and Greater Poland. Proportions of local and systemic treatments, five-year relative survival
and relative excess risks (RER) between countries were calculated.
RESULTS: In total, 236,015 patients were included. The proportion of stage I BC receiving endocrine therapy ranged from 19.6%
(Netherlands) to 84.6% (Belgium). The proportion of stage III BC receiving no breast surgery varied between 22.0% (Belgium) and
50.8% (Ireland). For stage I BC, relative survival was lower in England compared with Belgium (RER 2.96, 95%CI 1.30–6.72, P < .001).
For stage III BC, England, Ireland and Greater Poland showed significantly worse relative survival compared with Belgium.
CONCLUSIONS: There is substantial variation in treatment strategies and survival outcomes in elderly with BC in Europe. For early-
stage BC, we observed large variation in endocrine therapy but no variation in relative survival, suggesting potential overtreatment.
For advanced BC, we observed higher survival in countries with lower proportions of omission of surgery, suggesting potential
undertreatment.

British Journal of Cancer (2018) 119:121–129; https://doi.org/10.1038/s41416-018-0090-1

INTRODUCTION
Cancer is a disease of the elderly; 30% of patients diagnosed with
breast cancer (BC) are aged 70 years or older1. Although this
group of older patients is rapidly growing, evidence to guide
treatment of these patients remains scarce2. Clinical trials often
have inclusion criteria that preclude older patients from partici-
pating3. Furthermore, older patients participating in trials may not
be representative for the wider older population owing to
selection of fitter older patients, those with higher socio-

economic status and those with good cognitive function. These
differences impair the external validity of trials and limit the
extrapolation of their findings4.
The American Society of Clinical Oncology (ASCO) and the

International Society of Geriatric Oncology (SIOG) have called for
age specific clinical trials to improve treatment in this patient
group3,5. However, de Glas and colleagues6 showed that only 4%
of the currently running trials for BC treatment are specifically
including older patients. Therefore, major improvement in the
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evidence base for treatment in older patients is not likely to occur
within a short period of time. An alternative way to study
treatment in older patients is by using observational data.
Observational data from cancer registries are highly representative
for the older population because there is no selection for
inclusion4. Furthermore, observational data are currently available
and can directly be used for research purposes7. They provide
better insight into treatment strategies and, when using appro-
priate methods, may be used to evaluate the efficacy of different
treatment strategies8. For these reasons, the European Registra-
tion of Cancer Care project (EURECCA) Breast Cancer Group,
collected data from cancer registries on treatment and survival
outcomes in older patients with BC.
The aim of this study was to compare differences in

locoregional and systemic treatment patterns and survival out-
comes in older patients with non-metastatic BC across five
European countries. In addition, this study aimed to assess
whether variance in treatment between countries was associated
with outcome variation.

MATERIALS AND METHODS
This is an observational cohort study with data obtained from four
national (The Netherlands, Belgium, Ireland and England) and one
regional (Greater Poland) population-based cancer registry. All
patients aged 70 years and older at time of diagnosis with non-
metastatic invasive BC were selected. The International Classifica-
tion of Diseases and Related Health Problems (ICD-10) coding was
used for selection of BC9. In case of synchronous or bilateral
tumours, the tumour with the highest known TNM stage was
selected for analysis. In addition, second primary tumours and
patients diagnosed with BC only at the time of death were
excluded.

Procedures
The protocol specified that data on all consecutive BC cases
available between 2000 and 2013 should be provided with
information on stage of disease, treatment and vital status. For all
national and regional based CRs coverage rate was ~ 100%.
Quality of the CRs and methods and periods of collection of the
data are described in Supplementary Table S1.
Stage of disease was defined using the TNM Classification of

Malignant Tumours for BC, 6th edition10. Information on tumour
stage was based on pathology reports. If the pathological T or N
category was unknown, clinical stage was used instead. For
patients with unknown T or N category (both clinical and
pathological) stage of disease was considered unknown, unless
patients with only known T or N category could be reliably
assigned to a specific stage (for example, T4NXMX= stage III).
Patients with an unknown M-category were assumed to have non-
metastatic disease (unless T and N category were both unknown).
When stage directly derived from patient reports was available but
was assigned unknown according to the above mentioned stage
definition, stage available from reports was used instead. If
available, data on tumour grade, morphology and hormone
receptor expression were collected. Tumour grade was classified as
grade I (well differentiated), grade II (moderately differentiated) or
grade III (poorly differentiated). Morphology was classified into
ductal, lobular, or mixed/other according to ICD-O-3 classification11.

Outcomes
Main outcomes were the proportion of given treatment for
locoregional treatment (breast surgery, axillary surgery and
radiotherapy) and systemic treatment (endocrine therapy, che-
motherapy and primary endocrine therapy) and 5-year relative
survival for each country. Breast surgery was defined as the most
extensive breast surgery (no surgery, breast-conserving surgery
(BCS), mastectomy, breast surgery not otherwise specified), axillary

surgery if any breast surgery (yes or no) and radiotherapy if BCS
(yes or no). Adjuvant endocrine therapy was defined as endocrine
therapy if any breast surgery was performed (yes or no). Adjuvant
chemotherapy was defined as chemotherapy if any breast surgery
was performed (yes or no). Most registries did not distinguish
between adjuvant or neo-adjuvant systemic therapy. Therefore,
these were combined. Primary endocrine therapy was defined as
endocrine therapy without receiving surgery (yes or no). Vital
status was provided by the CRs and defined as alive, dead, or
unknown. Follow-up time for vital status was defined as time in
days from diagnosis until death or end of follow-up. Vital status
and date of last follow-up were established either directly from
the patient’s medical record or through linkage of cancer registry
data with mortality or population registries (Supplementary
Table S1). All outcomes were stratified for stage (I–III).

Statistical analysis
All analyses were performed in Stata/MP. Data from national or
regional data registries were compared between countries.
Proportions of patients undergoing each treatment were calcu-
lated. Owing to the large number of cases, no statistical tests were
conducted to assess statistical significant proportional differences.
Median follow-up and interquartile range (IQR) were calculated
according to the reverse Kaplan–Meier method12. Relative survival
reflects the ratio of overall survival of cancer patients compared
with survival that would have been expected based on the
corresponding general population (matched by country, age by
single year and year of diagnosis). Relative survival for the
complete cohort was estimated using the Pohar-Perme method13.
National life tables from The Human Mortality Database were used
to estimate expected survival14. To model the effect of covariates
on relative survival an additive hazard model was employed.
The effect of covariates on the excess hazard was estimated using
the expectation-maximisation method15. Estimates of the covari-
ates are expressed as relative excess risk of death (RER)
and they quantify the relative cancer related excess mortality
between the categories of the included covariates in the model16.
When the excess mortality is low (for instance in a population
with a high population mortality and generally curable cancer),
standard errors become large and hamper the interpretation
of the RER15. To compare RER between countries, country
was included as a covariate in the univariate model. Differences
in relative survival between countries were adjusted for the
following potential confounders in a multivariable model: age
(continuous), year of diagnosis, stage (not when stratified for stage),
grade and morphology. A two-sided p value of < 0.05 was
considered statistically significant. In Table 3 and Fig. 2, countries
were ranked according to the sum of proportions of given treatment
and the country with the highest sum was assigned as reference
country.
Multiple imputation was used to account for missing values for

each country separately after exclusion of tumours diagnosed at
time of death, second primary BC and smaller synchronous
tumours and age younger than 70 years (Fig. 1). Multiple
imputation by chained equation was performed, assuming that
data are missing at random. For each incomplete variable (stage,
grade, morphology, hormone receptor expression), imputation
models were applied that included the other incomplete variables,
as well was complete variables (age, year of diagnosis), treatment
variables and outcome variables (vital status, follow-up time in
days). When data for a variable was 100% missing it was not
imputed. Analyses were based on pooled results of five imputed
data sets17.

Additional analyses
A sensitivity analysis was performed to assess the impact of
variation in time periods on treatment and survival outcomes
between the participating countries only including the years
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with data available from all countries (2008 and 2009). Based on
expert panel discussion, a proportional difference of 10% or
higher between treatment outcomes was defined as clinically
relevant.

Ethical approval
Data from cancer registries provided anonymised patient data.
Therefore, informed consent from patients or ethical approval
were not required for this study.

RESULTS
Patients
The original data set included 829,131 patients diagnosed with BC
between 2000 and 2013. Patients with synchronous or bilateral
tumours, second primary tumours, tumours diagnosed at time of
death and patients aged younger than 70 years were excluded
(Fig. 1). A total of 40,448 patients from the Netherlands, 11,305
patients from Belgium, 4319 patients from Ireland, 179,239
patients from England and 704 patients from Greater Poland
were included (Table 1, step 1). Multiple imputation analysis was
performed to account for missing values (Table 1, step 2) and
selected patients stage I–III BC for further analyses (Table 1, step
3). Median follow-up was 8.8 years (IQR 5.9–12.5 years).

Patient characteristics
Stage distribution varied slightly across countries; patients from
the Netherlands were more frequently diagnosed with stage I BC
compared with other countries (Table 1, step 3). Overall, tumour
characteristics were broadly comparable across countries (Table 1,
step 3). Patients from the Netherlands and Greater Poland were
more likely to have grade I BC.

Locoregional treatment
As shown in Table 2, the majority of patients with stage I BC
received BCS (between 48.9% (England) and 65.1% (Belgium),
except for Greater Poland (21.1%)). Omission of surgery was
commonly used in England (24.2%) and Ireland (17.8%) compared
with other countries. For stage II BC, the majority of patients
received a mastectomy (between 44.0% (Ireland) and 66.1%
(Greater Poland)). The proportions of patients not receiving
any surgery showed a similar pattern as seen in patients
with stage I BC (Table 2). For stage III BC, the proportion of
patients not receiving any surgery increased compared with
lower stages of BC: this is most pronounced in The Netherlands
(30.1%), England (44.1%) and Ireland (50.8%). The majority of
patients who had breast surgery received axillary treatment with
no clinically relevant differences between countries and across
stages (Fig. 2, Supplementary Table S2). In England (across all
stages) and Greater Poland (for stage III), the proportion of
patients receiving radiotherapy after BCS was lower (Fig. 2,
Supplementary Table S2).

Systemic treatment
Use of adjuvant endocrine therapy differed considerably between
countries: for stage I BC the proportion was substantially lower in
the Netherlands (20%), compared with the other countries
(Belgium 84.6%; Ireland 79.5%; England 47.5%; Greater Poland
68.9%, Fig. 2a, Supplementary Table S2). In England, systemic
therapy was not registered for a large proportion of patients but
this could not be considered as not given, hence this is considered
as unknown (Fig. 2). For higher stages of BC, variation was less
pronounced between countries (Figs. 2b,C, Supplementary
Table S2). In addition, substantial variation in the administration
of chemotherapy across countries was observed. The proportion
of patients with stage I BC receiving chemotherapy was very low
across all countries but showed marked variation (range from
0.5% (the Netherlands) to 6.0% (Ireland) and 11.4% (Greater
Poland), Fig. 2a, Supplementary Table S2). For stage II BC,
chemotherapy use was higher but again varied markedly between
countries (range from 2.2% (the Netherlands) to 19.4% (Ireland)
and 23.1% (Greater Poland), Fig. 2b, Supplementary Table S2). For
stage III BC, chemotherapy use increased further but still varied
markedly, from 10.3% of patients in the Netherlands to 35.2% in
Belgium and 42.7% in Greater Poland (Fig. 2c, Supplementary
Table S2). As shown in Fig. 2, use of primary endocrine therapy
(PET) was a commonly used strategy among older patients with
BC (Fig. 3, Supplementary Table S3). In stage III, disease differences
between countries were most pronounced; in Ireland 39% of the
patients received primary endocrine therapy, compared with
23.6% in the Netherlands, 24.9% in England, 15.1% in Belgium and
1.8% in Greater Poland (Fig. 3, Supplementary Table S3).

Survival outcomes
As shown in Table 3, 5-year relative survival for patients with stage
I BC was high for all countries, indicating that there is little to no
excess mortality in this stage of disease. For England, relative
survival was significantly lower compared with Belgium (93.4%
95% CI 93.1–93.7, adjusted RER 2.96, P < 0.001). Owing to low
excess mortality in this specific group, RERs for some countries
could not be estimated (Table 3, Fig. 2a). For patients with stage II
BC, 5-year relative survival was lowest in England (79.1%, 95% CI
78.8–79.4) and highest in Ireland (86.3%, 95% CI 84.9–87.7).
Relative survival was significantly lower in England when
compared with Belgium (adjusted RER 1.45, 95% CI 1.27–1.66,
Table 3, Fig. 2b). For patients with stage III BC, relative survival was
lowest in England (48.2%) and highest in Belgium (60.1%).
England, Ireland and Greater Poland showed a significantly worse
relative survival compared with Belgium (Table 3, Fig. 2c).

Treatment patterns and survival differences
As shown in Fig. 2a, representing stage I BC, the proportion of
patients receiving adjuvant endocrine therapy was considerably
lower in the Netherlands, whereas all other treatment modalities
were comparable. No corresponding differences in adjusted RERs

BelgiumThe Netherlands

Primary data
n=36,635

Ireland

Primary data
n=17,573

England Greater Poland

Primary data
n=627,444

Primary data
n=3,149

Primary data
n=144,308

Excluded (n=104,870)
- Bilateral tumours (n=1649)
- Second primary BC (n=3760)
- Death certificate only (n=6)
- Age < 70 years (n=99,455)

Data for
imputation
n=11,305

Data for
imputation
n=40,448

Data for
imputation

n=4319

Data for
imputation

n=704

Data for
imputation
n=179,239

Excluded (n=25,330)
- Bilateral tumours (n=0)
- Second primary BC (n=0)
- Death certificate only (n=2)
- Age < 70 years (n=25,328)

Excluded (n=13,254)
- Bilateral tumours (n=187)
- Second primary BC (n=284)
- Death certificate only (n=10)
- Age < 70 years (n=12,773)

Excluded (n=448,205)
- Bilateral tumours (n=10,010)
- Second primary BC (n=21,290)
- Death certificate only (n=8334)
- Age < 70 years (n=408,571)

Excluded (n=2445)
- Bilateral tumours (n=0)
- Second primary BC (n=0)
- Death certificate only (n=30)
- Age < 70 years (n=2415)

Fig. 1 Flow chart. Bilateral tumours: in case of synchronous tumours, the smallest stage tumour was excluded
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were observed. For stage II BC, no evident pattern between
treatment and survival outcomes between countries was
observed. For stage III BC, the proportion of patients receiving
chemotherapy was substantially lower in the Netherlands
compared with Belgium, whereas other treatment modalities did
not differ greatly. Relative survival was not significantly different
between Belgium and the Netherlands (Fig. 2c). However, the
proportion of patients receiving any type of surgery was lower in
Ireland and England compared with Belgium, whereas other
treatment modalities were similar. Concordantly, relative survival
was significantly lower in England and Ireland, compared with
Belgium.

Sensitivity analyses
The additional sensitivity analysis showed little variation in
treatment outcomes between patients diagnosed in 2008 or
2009 and the complete cohort within a country (Supplementary
tables S4 to S6). Supplementary Table S7 shows 5-year relative
survival outcomes for all patients diagnosed in 2008 and 2009. The
estimated relative survival and the crude and adjusted RERs in this
cohort were comparable to estimates found in the complete
cohort.

DISCUSSION
To our knowledge, this is the largest and most recent European
population-based study presenting information on stage, tumour
characteristics, treatment and survival outcomes in older patients
with BC. First, this study showed substantial variation in Europe for
treatment of older patients with non-metastatic BC diagnosed
between 2000 and 2013. Second, this study reports substantial
variation, most pronounced in advanced stage BC, in survival
among older patients between European countries. Third,
substantially lower proportions of endocrine therapy in patients
with stage I BC reported in the Netherlands was not accompanied
by poorer survival outcomes; but for stage III BC, poorer survival
outcomes were observed in those countries were breast surgery
was more frequently omitted. In general, this study suggests poor

consensus in the international community on how to optimally
treat older patients with breast cancer.
The major strength of our study is that we have the largest

available and most detailed population-based data set in Europe.
Although a randomised controlled trial (RCT) remains the golden
standard for assessment of effectiveness of therapy, real world
data has some advantages over RCTs, especially for older patients.
It provides a broader and more faithful presentation of patterns of
care and comparative effectiveness than RCTs. It furthermore
shows a more balanced outcome of benefits and harms of
treatment as relative survival represents all excess mortality due to
BC: both death directly related to BC itself and death indirectly
related to BC.
Limitations in this study should be addressed. Most importantly,

data provided by the CRs was not complete for all cases. We
performed multiple imputation for missing patient and tumour
characteristics. Simulation studies have shown that handling
missing data by multiple imputation produces more accurate
estimates of relative survival rates, especially for late-stage and
high-grade tumours when compared with complete-case analy-
sis17,18. Owing to the high proportion of unknown hormone
receptor status in England (71.3%), the imputed proportions of
hormone receptor status as described in Table 1 might be more
uncertain. For Belgium, hormone receptor expression was not
available for the cohort at time of analysis but an additional
analysis for the year of 2008 showed that hormone receptor
distribution was comparable to other countries (data available on
request). Moreover, in patients with very high age there might
have been poorer diagnostic work-up leading to higher data
incompleteness. Although age itself was available for all patients
and included as a predictive factor in the multiple imputation, the
imputed data may be more uncertain in the oldest patients com-
pared to the younger patients. In England, data on systemic
treatment was not complete but completeness improved over
time. Owing to incompleteness, non-registered treatment could
not be interpreted as not given and therefore this was marked as
unknown in tables and figures. For surgical outcomes in England,
audits of selected data have shown good completeness but an
element of uncertainty should be borne in mind. Another
potential weakness is the broad timeline for inclusion of patients
and changes in diagnostic procedures and treatment in this
period that could have affected variation in survival outcomes. For
this reason we performed a sensitivity analyses, but survival rates
in the cohort of the years 2008 and 2009 were comparable to
complete cohort outcomes. This is in line with previous studies,
showing no or limited improvement in survival rates for older
patients with BC over the last decade19–21. Data on individual
factors that could affect treatment outcomes and survival such as
comorbidities, patient preferences, and BC subtypes as well as
anti-Her2Neu therapy were not available or not complete in the
CRs. In addition, there was great variation in the numbers of
patients included between the participating countries. This has
resulted in less precise estimates for the smallest groups of
patients included hampering the interpretation of the data.
The design of this study allowed us to explore possible

associations between treatment patterns and survival outcomes.
Across Europe, large treatment variation exists and these
variations can be used as a natural experiment as variation in
assignment to a specific type of treatment was based on country
of residence and was therefore not related to the outcome. Tchis
enabled us to draw a comparison between treatment patterns and
outcomes in an observational setting8.
A notable finding was the low proportion of patients receiving

adjuvant endocrine therapy with stage I BC in the Netherlands
compared with the other countries (19.6% vs. up to 84.6% in
Belgium), whereas other treatments did not differ substantially
between countries (Fig. 2a). In the Netherlands, endocrine therapy
is only recommended in hormone receptor-positive patients with

Table 2. Proportional distribution of most extensive breast surgery by
stage of disease

No surgery BCS Mastectomy Not specified

% % % %

Stage I

The Netherlands 11.7 50.3 38.0 0.0

Belgium 11.1 65.1 23.8 0.0

Ireland 17.8 54.4 27.8 0.0

England 24.2 48.9 26.9 0.0

Greater Poland 2.5 21.1 52.4 24.0

Stage II

The Netherlands 18.2 22.3 59.5 0.0

Belgium 16.9 35.8 47.3 0.0

Ireland 21.2 34.8 44.0 0.0

England 28.1 27.5 44.4 .0

Greater Poland 8.9 8.3 66.1 16.7

Stage III

The Netherlands 30.1 8.3 61.5 0.0

Belgium 22.0 14.4 63.6 0.0

Ireland 50.8 10.4 38.8 0.0

England 44.1 9.5 46.3 0.0

Greater Poland 4.6 3.4 81.8 10.2
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lymph node positive disease or otherwise unfavourable tumour
characteristics (high grade or size ≥ 2 cm)22, whereas in all the
other countries adjuvant endocrine therapy is prescribed in all
patients with hormone receptor-positive BC (for an overview of
guidelines we refer to Supplementary Table S8). This variation in
endocrine therapy was not linked with variation in survival
between countries (Belgium 98.6%, Ireland 100.0%, The Nether-
lands 98.7%), potentially suggesting that adjuvant endocrine
therapy does not influence BC-related mortality in a low risk group
(Table 3). A previous study comparing Ireland and The Nether-
lands found similar results23. In addition, a population-based study
from Denmark identified a subgroup of older patients with low
risk BC not treated with adjuvant endocrine therapy that was not
at increased risk of mortality24. The pattern described in this study
potentially suggests that adjuvant endocrine therapy might not

contribute to additional survival benefit but further studies are
necessary to validate these findings.
In patients with stage III BC, variation in local treatment as well

as systemic treatment was apparent. In Belgium, proportions of
given local and systemic treatment were high compared with
other countries. The proportion of patients in whom breast
surgery was omitted was considerably lower in Belgium (22.0%)
compared with Ireland (50.8%), whereas other treatment mod-
alities were similar. Only limited evidence is available for the
effectiveness of primary endocrine therapy. A meta-analysis
showed inferior disease control for 2–3 years after diagnosis but
no differences in overall survival compared with surgical
treatment followed by adjuvant endocrine therapy25. The SIOG
guideline recommends that it should only be considered in
patients with a life expectancy of < 5 years2. In our study, Ireland
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had a significantly lower survival rate from stage III compared with
Belgium (53.5% versus 60.1%, adjusted RER 1.27, 95% CI 1.07–1.50,
P 0.007). Part of these differences might be explained by variation
in breast surgery. It suggests that in this group of high-risk
patients breast surgery could result in additional BC survival
benefit.
This study demonstrates substantial international variation in

type of locoregional treatment, whereas the various guidelines
apply largely similar recommendations (Supplementary Table S8).
Particularly in Poland, patients with early-stage BC were less likely
to receive BCS (Table 2). In those patients with stage II BC who
received BCS, we found that radiotherapy was considerably lower
in Poland than in other countries. For early-stage BC, omission of
radiotherapy after BCS may be justified following publication of
the PRIME II trial showing no overall survival difference and a small
increase in local recurrences in patients aged 70 years or older
with low risk hormone receptor-positive BC26. However, no such
evidence is available for patients with higher stage disease.
The Netherlands was most conservative in the administration of

chemotherapy. For stage III BC, only 10.3% of the Dutch patients
received chemotherapy, compared with 35.2% in Belgium. Other
international observational studies have found similar pat-
terns23,27. The conservative prescription of chemotherapy in the
Netherlands can partly be explained by their national guidelines. It
states explicitly that patients aged over 70 years should not
receive chemotherapy, unless they are considered very fit22. No
other national or European guidelines use this explicit age
criterion28 (Supplementary Table S8). The SIOG opposes guidelines
using age as a criterion for any treatment as they state that ‘age
alone should not dictate any aspect of management of older
individuals with BC2. Unfortunately, evidence for the effectiveness
of chemotherapy in older patients is scarce. In the Early Breast
Cancer Trialists’ Collaborative Group (EBCTCG) polychemotherapy
overview patients aged 70 years or older were significantly
underrepresented. Despite this, the EBCTCG did not find evidence
for differences in the effectiveness of chemotherapy for (fit) older
patients29. Two clinical trials assessing the effect of chemotherapy
versus no chemotherapy in older patients with BC were closed
prematurely due to poor accrual30,31. This also demonstrates the
difficulty of performing trials in older patients. Although this study
showed that relative survival was lower in The Netherlands
(55.1%) compared with Belgium (60.1%), this difference was not
significant after adjusting for confounders. Whether chemother-
apy could be beneficial in a broader selection of older patients
and if it should be offered more frequently in countries with low
proportions of chemotherapy remains debatable.
In addition to given treatment, other factors could explain

variation in both treatment and relative survival between
countries. These include access to and quality of health care,
variation in general health and comorbidities and variation in BC
subtypes between countries. For instance, national wealth and
total national expenditure on health are related to BC guideline
adherence and BC survival27. In Poland, the St. Gallen Consensus

Conference guidelines were used during 2008 and 2009 but
adherence to guidelines was affected by suboptimal reimburse-
ment of treatment costs32. This could explain poorer survival
outcomes for Greater Poland. The EUROCARE-5 study attributed
lower survival outcomes in the UK partly to poor access to health
care and hence a higher proportion of advanced stage of
disease19. However, when looking further within specific stages,
variation in survival was still apparent in our study. Furthermore, it
has been suggested that cancer survival correlates with general
health and burden of comorbidities33. For instance, if patients are
unfit for surgery, radiotherapy or chemotherapy due to comorbid-
ities unrelated to cancer itself, it can also affect cancer-related
outcomes. Unfortunately, CRs could not provide us with compre-
hensive or comparable information on comorbidities for individual
patients. Further information on other factors such as comorbid-
ities and quality of life, may be key to gaining a better
understanding of treatment processes and patient related out-
comes. Additional studies should address the relationship
between geriatric characteristics, comorbidities, cancer treatment
and quality of life and survival outcomes to bridge the knowledge
gap for a rapidly growing older population where more evidence-
based treatment is urgently needed. Moreover, cultural factors
across countries both in patient preferences and health care
professionals could impact decision making in cancer treatment.
For instance, we hypothesise that primary endocrine therapy is
more common in the United Kingdom and Ireland because trials
investigating this treatment have mostly been performed in these
countries and this might have enhanced the enthusiasm to
propose this type of treatment by health care providers25.
Moreover, patient preferences for treatment might vary between
younger and older patients and there might be differences in
these preferences across countries. For the majority of older
patients maintaining or increasing quality of life becomes more
important than increasing length of life34. The burden of frequent
hospital visits associated with radiotherapy and the risk of a
second surgery are treatment-related aspects that withhold some
older patients to undergo BCS35. Although a majority of patients
would accept adjuvant chemotherapy, older patients are less
willing to trade of cognitive or physical capacity for survival
benefit36,37.
With this study from the EURECCA BC group, we showed large

variation in the treatment of older patients with BC between
European countries. This implies a lack of consensus in the
international community on how to optimally treat older patients
with BC, reflecting the lack of evidence-based knowledge and the
struggle in clinical practice to treat the very heterogeneous older
population. Overall, this study shows that for older patients with
low-risk BC, differences in adjuvant endocrine therapy do not
appear to impact survival outcomes potentially, suggesting
overtreatment of these low risk patients with adjuvant endocrine
therapy. On the other hand, variation in the omission of breast
surgery in older patients with high risk BC appeared to impact
survival substantially, indicating potential undertreatment in this
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high risk group. Balancing risk of death owing to BC and risk of
death owing to other causes seems essential for personalised
treatment of older patients with BC.
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