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ABSTRACT

Background. Studies have demonstrated worse breast cancer‐specific mortality with older 
age, despite an increasing risk of dying from other causes due to comorbidity (competing 
mortality). However, findings on the association between older age and recurrence risk 
are inconsistent. The aim of this study was to assess incidences of locoregional and distant 
recurrence by age, taking competing mortality into account.

Methods. Patients surgically treated for nonmetastasized breast cancer between 2003 and 
2009 were selected from The Netherlands Cancer Registry. Cumulative incidences of recur-
rence were calculated considering death without distant recurrence as competing event. 
Fine and Gray analyses were performed to characterize the impact of age (70-74 [reference 
group], 75-79, and ≥80 years) on recurrence risk.

Results. A total of 18,419 patients were included. Nine‐year cumulative incidences of 
locoregional recurrence were 2.5%, 3.1%, and 2.9% in patients aged 70-74, 75-79, and 
≥80 years, and 9‐year cumulative incidences of distant recurrence were 10.9%, 15.9%, and 
12.7%, respectively. After adjustment for tumor and treatment characteristics, age was not 
associated with locoregional recurrence risk. For distant recurrence, patients aged 75-
79 years remained at higher risk after adjustment for tumor and treatment characteristics 
(75-79 years subdistribution hazard ratio [sHR], 1.25; 95% confidence interval [CI], 1.11-
1.41; ≥80 years sHR, 1.03; 95% CI, 0.91-1.17).

Conclusion. Patients aged 75-79 years had a higher risk of distant recurrence than patients 
aged 70-74 years, despite the higher competing mortality. Individualizing treatment by us-
ing prediction tools that include competing mortality could improve outcome for older 
patients with breast cancer.
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INTRODUCTION

Over 30% of all newly diagnosed patients with breast cancer are 70 years or older, and this 
proportion is likely to increase even further because of the aging of Western populations.1 
For this growing patient population, treatment decisions can prove challenging given the 
lack of evidence caused by underrepresentation of older patients in clinical trials. Generally, 
older patients tend to receive less extensive treatment compared with younger patients.2 
As ageing comes with comorbid diseases, the risk of dying from other causes than breast 
cancer, so‐called competing mortality risk, strongly increases with age.3,4 Therefore, it is 
essential to take competing mortality risks into account when estimating breast cancer 
outcomes and the benefit of treatment in the older population.

It has been suggested that age is an independent risk factor for worse breast cancer out-
come.5-7 Several studies have demonstrated that increasing age was associated with worse 
breast cancer‐specific mortality, despite increasing competing mortality risks.3,6,8 One would 
expect the worse breast cancer‐specific mortality to be accompanied with a higher risk of 
disease recurrence. However, research findings on the association between age and recur-
rence risk are inconsistent, as some studies demonstrate a higher recurrence risk with age, 
whereas other studies do not find such association.3,5-7,9,10 Different handling of competing 
mortality risks could play a role in the discrepant findings.

Therefore, the aim of this study was to assess the incidences of locoregional and distant 
recurrence by age at diagnosis among patients aged ≥70 years while taking competing 
mortality risks into account.

METHODS

All surgically treated patients diagnosed with nonmetastasized invasive breast cancer 
aged 70 years or older between 2003 and 2009 were selected from The Netherlands Cancer 
Registry (NCR), which is hosted by The Netherlands Comprehensive Cancer Organization 
(IKNL). The NCR receives reports of diagnosed malignancies from the nationwide network 
and registry of histo‐ and cytopathology in the Netherlands (PALGA), which are completed 
by the national hospital discharge databank.

Trained data managers of the IKNL collect data on diagnosis, staging, and treatment directly 
from the medical records using international coding rules. Breast cancer stage was defined 
using the TNM Classification of Malignant Tumors (6th edition).11 Clinical stage was used if 
pathological T or N stage was unknown. Estrogen receptor and progesterone receptor status 
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were considered positive if ≥10% of tumor cells demonstrated positive nuclear staining. 
For the current project, additional information on comorbidity at time of diagnosis and 
recurrences was retrospectively collected from the medical records. Five‐year follow‐up was 
available for the total cohort, and longer follow‐up was available for a subcohort of 5,115 
patients diagnosed between 2007 and 2009. Vital status was obtained through linkage of 
NCR data with the Municipal Personal Records database.

Patients were categorized into three groups based on age at diagnosis (70-74 (reference 
group), 75-79 and ≥80 years) following recommendations of the International Society of 
Geriatric Oncology (SIOG).12 Comorbidity was aggregated using the Charlson Comorbidity 
Index (CCI).13 Study endpoints were time from diagnosis to locoregional (ipsilateral breast, 
chest wall, axillary lymph nodes and supraclavicular lymph nodes) and distant recurrence 
by age group.14 If a patient had both a locoregional and distant recurrence, the event was 
defined as distant recurrence. 

Statistical analysis
The statistical analysis was performed with SPSS 23.0 and STATA 12.1. Multiple imputa-
tion by chained equation was performed to account for missing values, assuming that data 
were missing at random.15 For each imputed variable, imputation models were applied that 
included incomplete and complete variables. Analyses were based on the pooled results of 
25 imputed sets (according to Rubin’s rules).16 Differences between the age groups were 
assessed by means of Pearson’s chi square tests. Cumulative incidences of recurrence were 
calculated using the Cumulative Incidence Competing Risk method with death without dis-
tant recurrence as competing event.17 For locoregional recurrence, distant recurrence was 
also a competing event. Graphically depicted were cumulative incidences of locoregional 
and distant recurrence by age group, distant recurrence, and competing mortality within 
each age group and competing mortality by age and comorbidity status (CCI score, 0 and 
≥1). In addition, distant recurrence risk was graphically depicted by age and comorbid-
ity in a Supplementary Figure as exploratory analysis. The association between age and 
recurrence risk was assessed by performing univariable and multivariable Fine and Gray 
analysis using all available follow‐up data, and the effect was expressed as subdistribution 
hazard ratio (sHR).17 Covariates were included in the multivariable model if judged to be 
clinically relevant. Tumor characteristics (histologic grade, tumor size, nodal status, hor-
mone‐receptor status, Her2Neu overexpression) were included, as older patients generally 
present with more advanced disease. Furthermore, patients up to 75 years were included in 
the Dutch mass screening program, which accounts for the detection of more early stage 
disease below this age limit. Treatment characteristics that were included in the multivari-
able model were most extensive surgery, surgical margins, axillary lymph node dissection, 
radiotherapy, adjuvant endocrine treatment, and chemotherapy. Last, year of diagnosis was 
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included. Sensitivity analyses were performed with truncated 5‐year follow‐up to test the 
robustness of our results. All statistical tests were two‐sided and a p value smaller than .05 
was considered statistically significant.

RESULTS

Between 2003 and 2009, 19,748 patients aged 70 years or older were surgically treated for 
nonmetastasized breast cancer, and 18,419 patients with available follow‐up were included 
in this study. At time of diagnosis, 7,793 patients (42.3%) were aged 70-74, 4,332 patients 
(23.5%) were aged 75-79, and 6,294 patients (34.2%) were aged ≥80 years, and the propor-
tion of patients with a CCI score of 1 or higher increased with age (37.1%, 42.7%, and 46.5% 
in patients aged 70-74, 75-79, and ≥80 years, respectively; p<0.001). Tumor and treatment 
characteristics by age group are presented in Table 1. With increasing age, patients more 
often presented with larger tumors and more node‐positive disease (27.7%, 36.6%, and 
39.2% in patients aged 70-74, 75-79, and ≥80 years; p<0.001). Furthermore, patients aged 
70-74 years more often presented with grade 1 tumors (28.7%) compared with patients 
aged 75-79 and ≥80 years (22.0% and 21.2%;  p<0.001). With increasing age group, type 
of surgery was more often a mastectomy rather than a breast‐conserving surgery (BCS), 
and the proportion radiotherapy after BCS was lower in patients aged ≥80 years (72.6%) 
compared with patients aged 70-74 and 75-79 years (97.5% and 95.3%; p<0.001). Notably, 
chemotherapy use was low in all age groups (4.1%, 1.6%, and 0.5% for patients aged 70-74, 
75-79, and ≥80 years).

Median follow‐up was 5.0 years (interquartile range [IQR], 3.1-5.0) for the total cohort and 
6.3 years (IQR, 3.3-8.1 years) for the subcohort with longer follow‐up. During follow‐up, 
815 of 7,793 patients aged 70-74, 693 of 4,332 patients aged 75-79, and 892 of 6,294 patients 
aged ≥80 years had a locoregional or distant recurrence. Figure 1 shows the cumulative 
incidences of locoregional and distant recurrence by age group. Nine‐year cumulative inci-
dences of locoregional recurrence were 2.5%, 3.1%, and 2.9% in patients aged 70-74, 75-79, 
and ≥80 years. Nine‐year cumulative incidences of distant recurrence were 10.7%, 15.6%, 
and 12.7%, respectively (Table 2). The stacked cumulative incidences of distant recurrence 
and competing mortality for each age group are shown in Figure 2 which demonstrates 
the strong increase in competing mortality with age. Furthermore, Figure 3 confirms that 
having comorbidity clearly increases the competing mortality risk within each age category. 
No such trend was seen between having comorbidity and distant recurrence risk (Supple-
mentary Figure).
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Impact of older age and comorbidity on recurrence 29

Univariable analysis showed that patients aged 75-79 and ≥80 years had a higher risk of 
locoregional recurrence (75-79 years sHR, 1.32; 95% CI, 1.05-1.66; ≥80 years sHR, 1.32; 
95% CI, 1.07-1.63) and distant recurrence (75-79 years sHR, 1.63; 95% CI, 1.46-1.83; 
≥80 years sHR, 1.39; 95% CI, 1.25-1.55) compared with patients aged 70-74 years (Table 
2). The association between age and locoregional recurrence risk was no longer significant 
after adjustment for tumor and treatment characteristics in multivariable analysis (75-
79 years sHR, 1.04; 95% CI, 0.82-1.33; ≥80 years sHR, 0.86; 95% CI, 0.68-1.09), whereas 
the association between age and distant recurrence risk remained significant for patients 
aged 75-79 years (75-79 years sHR, 1.25; 95% CI, 1.11-1.41; ≥80 years sHR, 1.03; 95% CI, 
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Figure 1. Cumulative incidence of locoregional recurrence and distant recurrence by age group.

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

70-74 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

75-79 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

>80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

75-79 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

70-74 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u

m
u

la
ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

>80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

75-79 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

70-74 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

>80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

70-74 years CCI score 0 70-74 years CCI score ≥1

75-79 years CCI score 0 75-79 years CCI score ≥1

≥80 years CCI score 0 ≥80 years CCI score ≥1

≥80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

70-74 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

75-79 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

>80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

75-79 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

70-74 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u

m
u

la
ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

>80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

75-79 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

70-74 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

>80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

70-74 years CCI score 0 70-74 years CCI score ≥1

75-79 years CCI score 0 75-79 years CCI score ≥1

≥80 years CCI score 0 ≥80 years CCI score ≥1

≥80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

70-74 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

75-79 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

>80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

75-79 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

70-74 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u

m
u

la
ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

>80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

75-79 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

70-74 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

>80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

70-74 years CCI score 0 70-74 years CCI score ≥1

75-79 years CCI score 0 75-79 years CCI score ≥1

≥80 years CCI score 0 ≥80 years CCI score ≥1

≥80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

70-74 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

75-79 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

>80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

75-79 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

70-74 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u

m
u

la
ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

>80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

75-79 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

70-74 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

Distant recurrence Competing mortality

>80 years

0
2

0
4

0
6

0
8

0
1

0
0

C
u
m

u
la

ti
v
e
 i
n

c
id

e
n
c
e

 (
%

)

0 2 4 6 8

Follow-up (years)

70-74 years CCI score 0 70-74 years CCI score ≥1

75-79 years CCI score 0 75-79 years CCI score ≥1

≥80 years CCI score 0 ≥80 years CCI score ≥1

≥80 years

Figure 2. Stacked cumulative incidences of distant recurrence and competing mortality by age group.
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Figure 3. Competing mortality risk by age group and comorbidity status (CCI score 0 and ≥1).
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0.91-1.17; Table 2). The sensitivity analysis with truncated 5‐year follow‐up yielded similar 
results (Supplementary Table).

DISCUSSION

The main finding of our study is that patients aged 75-79 years at diagnosis were at higher 
risk of distant recurrence compared with patients aged 70-74 years after adjustment for 
tumor and treatment characteristics, despite the higher competing mortality risk.

Our finding that age at diagnosis was not associated with locoregional recurrence risk is 
in line with previous studies.6,7,9,10,18,19 Moreover, cumulative incidences of locoregional 
recurrence were low in all age groups despite the fact that we included all surgically treated 
patients with nonmetastasized breast cancer, and almost half of the patients was not treated 
systemically. Plausibly, some of the patients died from other causes than breast cancer 
before they could get a recurrence. Low locoregional recurrence risks among older patient 
have prompted research on the de‐escalation of locoregional treatments for this population. 
The CALGB 9343 trial demonstrated that radiotherapy after breast‐conserving surgery can 
be safely omitted in patients aged ≥70 years with stage 1 breast cancer who are treated with 
endocrine treatment.20 Ongoing studies may confirm this for broader patient selections or 
other locoregional treatments such as the axillary treatment. The low cumulative incidences 
raise the question of how much there is to gain in reducing the locoregional recurrence 
risk in older patients and whether treatments that only reduce locoregional recurrence risk 
but do not affect breast cancer‐specific survival, such as radiotherapy after BCS, are always 
appropriate.12,21 

In contrast to consistent findings regarding the lack of association with locoregional recur-
rence risk, previous studies have reported inconsistent findings on the association between 
age and distant recurrence. One study reported an increasing risk of distant recurrence with 
age,7 whereas other studies reported a non-significant trend,3,6 or no association.9,10 Dif-
ferent study populations and statistical models may play a role in the discordant findings. 
For example, in the randomized phase III Tamoxifen Exemestane Adjuvant Multinational 
(TEAM) trial in which two endocrine regimens were compared, increasing age was associ-
ated with a higher risk of distant recurrence.7 However, it is questionable whether these 
findings apply to the general population, as older patients included in trials are generally 
a healthy selection of the general population and, consequently, the impact of competing 
mortality is lower.22 A second study, performed in a regional population‐based cohort, 
demonstrated an association between increasing age and recurrence risk when combining 
locoregional and distant recurrence, but only a nonsignificant trend when distant recur-
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rence was analyzed separately, possibly as a result of insufficient power.6 With regard to 
statistical models, almost all previous studies used the Cox proportional hazards model 
that does not take competing mortality into account.6,7,9,10 However, because the influence 
of competing mortality seems rather large in the older population of patients with breast 
cancer, the Fine and Gray model is considered more appropriate.23

We propose two possible explanations for our finding that patients aged 75-79 years were 
at higher risk of distant recurrence compared with patients aged 70-74 years. First, un-
dertreatment could have played a role. Although the analyses were adjusted for treatment 
characteristics in the analysis, we lacked details on treatment extensiveness such as specific 
type and duration. Studies have demonstrated that older age is associated with increased 
discontinuation of and nonadherence to endocrine treatment.8,24 Also, chemotherapy toxic-
ity with subsequent dose reduction or discontinuation increases with age, although this 
could only have had a limited effect because few patients received chemotherapy.25 Second, 
aging of the immune system could have played a role. Several studies have related decreased 
cellular immunity with decreased tumor defense or worse breast cancer prognosis.26  

As the proposed explanations for the higher risk of distant recurrence in patients aged 75-79 
both imply an age‐dependent trend, a similar association among patients ≥80 years would 
be expected. The fact that we did not observe this can be explained by the higher compet-
ing mortality risk, but age‐selective underdetection of recurrences may also have played a 
role. It is likely that underdetection increases with age because more patients refrain from 
visiting a doctor or do not wish to undergo diagnostic testing with age, and clinicians may 
refrain from diagnostic testing in patients with limited residual life expectancies. A study 
showed that 33% of nursing home patients with suspected breast cancer are not referred for 
further testing.27   

The major strength of our study is that the results are applicable to the general population of 
older patients with breast cancer, as our study was performed in a nationwide population‐
based cohort. To our knowledge, this is one of the largest population‐based cohort with 
information on comorbidity and recurrence. Furthermore, the prevalence of comorbidity 
was similar to the prevalence in two large population‐based studies performed in the Dan-
ish and U.S. populations.28,29 Of course, this study also has its limitations. First, no detailed 
information on treatment extensiveness and adherence was available. Furthermore, because 
we used observational follow‐up data, age‐selective underdetection is likely present and 
could not be taken into account. Notably, this could not have explained the higher distant 
recurrence risk for patients aged 75-79 years, because underdetection will increase with age.
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Our findings suggest that some older patients may be undertreated, but they also demon-
strate that older patients have a higher competing mortality risk. Therefore, patient selection 
for treatment should focus not only on breast cancer outcome but also on distinguishing 
patients with high from patients with low competing mortality risk, as only the latter may 
benefit from extensive treatment. In this context, prediction tools could play an important 
role in improving breast cancer management for older patients, as such tools could predict 
outcome with and without treatment, while taking into account competing mortality risk 
by including comorbidity as a predictor because it is well known and demonstrated in our 
study that having comorbidity increases the competing mortality risk. To facilitate the de-
velopment of such prediction tools, prognostic studies should focus on the predictive value 
of comorbidity scores and geriatric parameters from geriatric screenings or assessments in 
addition to disease characteristics. The ultimate goal is to not only predict recurrence risk 
and survival but also to predict risk of toxicity, quality of life, and physical functioning, as 
these outcomes are (more) relevant for older patients.

Conclusion
Our study demonstrated that patients aged 75-79 years were at increased risk of distant re-
currence compared with patients aged 70-74 years when differences in tumor and treatment 
characteristics were taken into account, regardless of the increasing competing mortality 
risks with age. Individualizing treatment by using prediction tools that include competing 
mortality could improve outcome for older patients with breast cancer.
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Supplementary Figure. This is the univariable representation of cumulative incidence of distant recurrence stratified by age category and 

comorbidity. No trend was seen between having comorbidity and the risk of distant recurrence as patients with comorbidity had less distant 

recurrences among patients aged 70-74 years and ≥80 years, whereas patients with comorbidity had more distant recurrences in patients aged 

75-79 years, compared to patients without comorbidity. Of note, potential differences in disease characteristics and treatment between the 

subgroups could not be taken into account in this representation. 

Supplementary Figure. This is the univariable representation of cumulative incidence of distant recurrence stratified by age 
category and comorbidity. No trend was seen between having comorbidity and the risk of distant recurrence as patients with 
comorbidity had less distant recurrences among patients aged 70-74 years and ≥80 years, whereas patients with comorbidity 
had more distant recurrences in patients aged 75-79  years, compared to patients without comorbidity. Of note, potential dif-
ferences in disease characteristics and treatment between the subgroups could not be taken into account in this representation.

Supplementary Table. Risk of recurrence by age at diagnosis, sensitivity analysis with truncated five-year follow-up.

Age at diagnosis Univariable R (95% CI) p value Multivariable sHR (95% CI)* p value

Locoregional recurrence

 70-74 years Reference Reference

 75-79 years 1.35 (1.07-1.71) 0.013 1.05 (0.82-1.35) 0.676

 ≥80 years 1.38 (1.11-1.70) 0.003 0.90 (0.71-1.14) 0.369

Distant recurrence

 70-74 years Reference Reference

 75-79 years 1.71 (1.52-1.92) <0.001 1.30 (1.14-1.47) <0.001

 ≥80 years 1.50 (1.34-1.68) <0.001 1.11 (0.98-1.26) 0.107

*This multivariable analysis included year of diagnosis, histologic grade, tumor size, nodal status, hormone-receptor status, 
Her2Neu overexpression, most extensive surgery, surgical margins, axillary lymph node dissection, adjuvant radiotherapy, ad-
juvant hormonal therapy and chemotherapy. sHR: subdistribution hazard ratio, CI: confidence interval.


