Breast Cancer Research and Treatment (2019) 178:141-149
https://doi.org/10.1007/510549-019-05356-z

EPIDEMIOLOGY q

Check for
updates

Improved survival of older patients with advanced breast cancer due
to an increase in systemic treatments: a population-based study

Nienke de Glas'® - Esther Bastiaannet'? - Anna de Boer? - Sabine Siesling®* - Gerrit-Jan Liefers? -
Johanneke Portielje'

Received: 15 May 2019 / Accepted: 9 July 2019 / Published online: 19 July 2019
© The Author(s) 2019

Abstract

Purpose The number of older patients with breast cancer is rapidly increasing. A previous study showed that between 1990
and 2005, the survival of older patients with breast cancer did not improve in contrast to younger patients. In recent years,
scientific evidence in the older age group has increased and specific guidelines for older women with breast cancer have been
developed. The aim of this study was to assess changes in survival outcomes of older patients with breast cancer.

Patients and methods All patients with breast cancer between 2000 and 2017 were included from the Netherlands cancer
registry. We assessed changes in treatments using logistic regression. We calculated changes in relative survival as proxy
for breast cancer mortality, stratified by age and stage.

Results We included 239,992 patients. Relative survival improved for patients < 65 for all stages. In patients aged 65-75 years,
relative survival did not improve in stage I-II but did improve in stage III breast cancer (RER 0.98, 95% CI 0.96-1.00,
p=0.046). Concurrently, prescription of systemic treatments increased. In patients > 75, relative survival did not improve
in patients with stage I/II or stage III disease, nor did treatment strategies change.

Conclusions This study shows that relative survival of patients aged 65-75 years with advanced breast cancer has improved,
and concurrently, prescription of systemic treatment increased. To improve survival of patients > 75 as well, future studies
should focus on individualizing treatments based on concomitant comorbidity, geriatric parameters and the risk of competing
mortality and toxicity of treatments.
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Introduction

In recent years, the number of older patients with breast
cancer is strongly increasing in Western countries due to
ageing of their populations [1]. Treatment of older patients
with breast cancer is based on limited evidence, since older
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patients are often excluded from randomized clinical tri-
als [2, 3]. In addition, it has been shown that older patients
in clinical trials are not representative for the general older
population, since they have less comorbidity, a better socio-
economic status, more favourable tumour characteristics and
a better survival [4]. Furthermore, treatments may be less
effective in older patients due to shorter residual life expec-
tancy, competing risks of dying of other causes than breast
cancer and higher risks of toxicity. Older patients generally
receive less-extensive locoregional and adjuvant treatment
compared to their younger counterparts [5]. However, it is
not always clear whether less-extensive treatment is justi-
fied. A previous study showed that in the Netherlands, sur-
vival of older patients with breast cancer did not improve
between 1990 and 2005, in contrast to younger patients in
which 5-year relative survival increased from 84 to 89% [6].

However, in the past years, with many studies specifi-
cally addressing older women with breast cancer, scientific
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evidence for this age group has increased. The International
Society for Geriatric Oncology has provided a consensus
guideline in 2007 that summarizes all the available evi-
dence for this specific patient group [7]. The guideline was
updated in 2012 [8], and many more studies and insights
have become available since.

Therefore, the aim of this study was to assess if these
new insights have resulted in an improvement in relative
survival outcomes in a national population-based cohort of
older patients with breast cancer after 2005, and to compare
this with younger patients with breast cancer. In addition, the
study aimed to provide an overview of changes in treatment
strategies in different tumour stages in the past two decades
per age group [5].

Methods

Data from the Netherlands Cancer Registry were used. This
registry contains detailed information on tumour, treatment
and survival outcomes. All patients in the Netherlands who
are diagnosed with cancer are included in the registry based
on notification by the national pathology database (PALGA).
The national hospital discharge databank, which receives
discharge diagnoses of admitted patients from all Dutch
hospitals, completes case ascertainment. Survival status is
retrieved by linkage with the municipal population registries
and was completed up to January 1st 2018.

For the current study, all female patients with invasive
breast cancer (stage I-IV) who were diagnosed between
2000 and 2017 were included. Patients were divided into
three groups based on age at diagnosis: <65, 65-75 and
> 75 years. If patients were diagnosed with bilateral breast
cancer, the characteristics of the most aggressive tumour
were used for the analyses. This was defined in the follow-
ing order: the largest tumour, the highest grade, or being ER
and PR negative. This method was also applied if patients
presented with multifocal carcinoma’s. If patients had more
than one new primary breast cancer, only the first incident
breast cancer was used for the analyses. This means that
patients were allowed in the study if they had more than 1
primary breast cancer, but the tumour characteristics were
used from the first incident breast cancer. In situ breast can-
cers were not taken into account. If variables were missing,
they were analysed in a “missing” category within the same
variable.

The study was approved by the review board of the Neth-
erlands cancer registry.

Statistics

For all analyses, STATA version 13.0 was used. All tests
were two-sided and a p value of <0.05 was considered as
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statistically significant. First, descriptive statistics using Chi
square tests were used to compare differences in tumour and
treatment characteristics between age groups.

Second, we composed figures depicting the number of
patients with incident breast cancer per age group.

Third, we assessed changes in treatment patterns (sur-
gery, radiotherapy, endocrine therapy and chemotherapy)
over time, stratified by age group and tumour stage (stage
I-1I1, stage III and stage IV). We calculated coefficients for
changes in treatment strategies per year to gain insight in
patterns of treatment. For this, we used logistic regression
and reported the calculated change displayed as coefficient
with the corresponding p value.

Next, we calculated survival outcomes per age group.
Survival status was available until December 31st, 2017.
Since the Netherlands Cancer Registry does not provide
information on causes of death, we calculated relative sur-
vival as a proxy for breast cancer-specific survival using
the Ederer II method by linkage to national mortality files
retrieved from the national bureau for statistics (Statistics
Netherlands), matched by age, stage and year of diagnosis.
This is a validated and frequently used method to estimate
cancer-specific survival [9]. The excess risk of mortality
is displayed as Relative Excess Risk (RER), which can be
interpreted as increase of relative mortality compared to the
background population per year. Again, we performed addi-
tional stratified analyses per tumour stage and age groups.
Additional multivariable survival analyses were adjusted
for relevant tumour characteristics (including TNM-stage,
grade, hormone-receptor status and HER2 status) and, in a
second step, treatment characteristics (surgery, radiotherapy
and systemic treatment). To provide graphical information,
we composed graphics that depict 5-year relative survival
over time. However, all analyses (displayed as Relative
Excess Risk of mortality (RER)) were not censored and
include all available follow-up time.

Results
Patient characteristics

A total number of 239,992 patients were included from the
Netherlands Cancer Registry. Patient characteristics are pre-
sented in Table 1. Tumour characteristics strongly differed
between different age groups. Older patients presented with
more advanced tumours (43.2% of patients < 65 had stage I
disease compared to 26.4% of patients aged > 75, p<0.001).
Older patients received less surgical treatment (66.0% in
patients > 75 vs 95.6% of patients aged < 65, p <0.001), and
less radiotherapy compared to younger patients (27.7% in
patients > 75 vs 68.3% in patients < 65, p <0.001). Chem-
otherapy was rarely prescribed in older patients (1.3% of
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Table 1 Patient characteristics <65 65-74 >75 p value
n (%) n (%) n (%)
TNM-stage
1 60,940 (43.2) 29,527 (54.4) 11,809 (26.4) <0.001
1I 57,797 (41.0) 17,847 (32.9) 20,845 (46.6)
I 14,425 (10.2) 3938 (7.3) 6169 (13.8)
v 6153 4.4) 2252 4.1 3581 (8.0)
Unknown 1667 (1.2) 701 (1.3) 2341 5.2)
Grade
I 26,465 (18.8) 13,125 (24.2) 6126 (13.7)  <0.001
I 54,359 (38.5) 23,639 (43.6) 14,972 (33.5)
11 40,880 (29.0) 11,055 (20.4) 9001 (20.1)
Unknown 19,278 13.7) 6446 (11.8) 14,646 (32.7)
Year of diagnosis
2000-2004 36,390 (25.8) 12,171 (22.4) 12,004 (26.8) <0.001
2005-2009 39,655 (28.1) 13,503 24.9) 12,052 (26.9)
2010-2014 41,196 29.2) 17,047 (31.4) 12,880 (28.8)
2015-2017 23,741 (16.8) 11,544 (21.3) 7809 (17.5)
ER/PR status
ER/PR negative 19,493 (13.8) 5237 9.7 4435 9.9) <0.001
ER and/or PR positive 90,531 64.2) 36,773 (67.8) 28,471 (63.6)
Unknown 30,958 (22.0) 12,255 (22.6) 11,839 (26.5)
HER2-status
Negative 79,652 (56.5) 32,704 (60.3) 21,861 (48.9) <0.001
Positive 15,215 (10.8) 3508 (6.5) 2678 (6.0)
Unknown 46,115 (32.7) 18,053 (33.2) 20,206 45.2)
Surgical treatment
No 6207 4.4 3023 (5.6) 15,222 (34.0) <0.001
Yes 134,775 (95.6) 51,242 (94.4) 29,523 (66.0)
Radiotherapy
No 44,755 (31.7) 18,440 (34.0) 32,345 (73.3)  <0.001
Yes 96,227 (68.3) 35,825 (66.0) 12,400 27.7)
Systemic treatment
None 42,687 (30.3) 25,205 46.4) 15417 (34.5) <0.001
Endocrine therapy 20,631 (14.6) 20,315 (37.4) 28,530 (63.8)
Chemotherapy 27,218 (19.3) 3825 (7.0) 564 (1.3)
Endocrine and chemotherapy 50,446 (35.8) 4920 9.1) 234 0.5)

patients > 75 received chemotherapy as monotherapy and
0.5% of patients received endocrine combined with chemo-
therapy), but the majority of patients in the oldest age group
received endocrine therapy as monotherapy (63.8%).

Changes in treatment strategies

Treatment strategies over time are presented in Table 2.
In patients with stage I-II breast cancer, the percentage
of patients who received surgical treatment declined in all
age groups, but this was most pronounced in the oldest age
group (88.2% in 2000 to 67.9% in 2017, p <0.001). Sys-
temic therapy was increasingly prescribed in all age groups,

but especially the prescription of endocrine therapy (either
neoadjuvant or adjuvant or as primary treatment) strongly
increased in the oldest patients (51.2% in 2000 to 63.3% in
2017, p<0.001).

In patients with stage III breast cancer, the percentage
of patients who received surgical treatment only declined
in patients aged 75 years or older (69.9% in 2000 to 56.2%
in 2017, p<0.001), and this was not accompanied by an
increase in endocrine treatment (76.6% in 2000 to 72.2%
in 2017, p=0.049). Chemotherapy in the first year after
diagnosis was prescribed in an increasing proportion of
patients aged 65-75 years (33.6% in 2000 to 52.7 in 2017,
p<0.001) but not in the oldest patients, where chemotherapy

@ Springer



Breast Cancer Research and Treatment (2019) 178:141-149

144

S00°0 €00 ¢8 90r TI'e vII 99 9¢ 68 I8 T6 CII L6 &S LS 65 69 LS L9 ¢C¥ Aderaypoway)

LEOO 00— VIL 169 69L €€L 8TL 6IL SOL SIL T'SL TLL SSL TO8 €6L L8L SSL 6IL S9L 0vL Aderoy durnopug

8000 00— I's €9 L 66 9 T¢ 68 L €y €9 ¢0I 9 88 69 69 ¢c0I 90I 68 Aderoyporpey

100°0> ¢00— T8 86 CII LGCI S L8 0or 9¢I ¢¢el LIl €¢I ¥0I TI'LL €6l 98l ¢TI §¢€C 671¢C AR3mg ¢/ <

0SL°0 €000— ¥ 6LC T8C IC¢ T6t 9¢¢ 1ICE 69C¢ TLE 89¢ 0TCc CT¢ Lye 9Le 99C 89C 68C 6°6¢ Kdesoyroway)

1690 €000~ 6'LS TE9 6S9 60L T9 189 869 €SL TS €€9 OIL THY 9€9 €99 €TL L99 T10L 19§ Aderdy autnopuy

S0L0 00— ¢or Lvl 88 88 86 ICl &L o6¢l ¥l LL 9 68 LOI 66 8¢l €8 891 96l Kderoyorpey

¥00°0 €00— 0C ¥8l 6¢SI L9C ¢LT 90¢ LT ¥l 6'8C 88I 6l ¢C6l 9¢C LLT SvYC 6SC I'LCc 8§'l¢ A18mg  6/-69

780 100°0 6vS T8 v¥9 €9¢ 695 665 9LS L'6S 919 L9S TCS L8 LES S¥S 996 €19 v6S 968 Aderoyroway)

100°0> 200 TIS §T9 679 679 €¥9 +¥¥9 L19 TSS LLS €LS 09 T19 €19 895 €¥S FIS Sy ['1S Aderoy duropuyg

180°0 100 cel Tse L1C 8ve L91 TSI QLI Lel 181 ¥9l S 191 9¢I ¢TI 91 TST 691 6781 Aderoyorpey

100°0> 00— v'ST 90¢c <¢Ic T6C ¢€6C €8¢ 0¢ LC T'ee Leg ve TCt 99¢ T9¢ ¢IE v9E TlIE 98¢ £198mg 69> AT 98e1g

0€C0 ¥10°0 ve 8¢ Sy Ve Le LS €9 €6 ¢L ¢s 0¢ LC¢ €¢€v ¥y Ov ¢€€v IS Ty Aderooway)

610°0 100— TTL 90L 169 €8L TEL TSL SSL LSL ¥SL +¥8L OSL 9€L 8¢ T9L SLL 69L 6¥L 99L Aderoy durnopug

8000 Y100— TIve GSOv 18y LLy LYy 697 99 Sy 80¢ 67  Sov 6y 805 o67S ¥e STy 9'6c C6¢ Adexoyporpey

100°0> €e00— T9S 6% 9 9¢9 ¥v¥9 €9 €69 €99 689 L 999 689 CIL SvL TvL L'€Y T19 669 A18mg ¢/ <

100°0> 800 LTS €v9 v'19 1.9 S99 +I9 109 909 €¢9 885 SIS €8y €y vLE 69¢ LLE L'EE 9¢C Aderayiowrdy)

9290 +00°0 TS PTL €9L L9L 6LL 9LL ¥EL TEL T8L T9L 60L 9L 6LL ¥TL LEL SIL €99 685 Aderoy duropuy

600°0 00— LIS €¥8 I'T8 €¢€8 9¢8 €¥8 T8 6€8 806 998 118 1T8 78 €68 78 789 T08 IL Aderayiorpey

LS9°0 900°0 9°L8 68 L'68 L'16 VE6 €6 6 €66 896 It6 €96 ¢€¢6 CC6 8V6 816 S9L 118 TT8 Ar3mg  6/-69

100°0> S0'0 968 L06 €T6 6S6 P¥S6 S¥6 66 €56 96 ¥96 Iv6e 1¥6 €66 1¢6 Teo ST8 6'6L V8L Adexoyroway)

100°0 00 S 6LL 6SL €8L 6SL TvL 99L SIL LIL FIL €69 989 €IL L¥9 TOL SSS 065 LTS Aderoy surmopug

100°0> 90'0— 9ty €68 L8 16 CTl6 916 L'68 16 L06 CTl6 116 TI6 916 606 €76 9LL 1€8 TIL Adexoyorpey

2000 €00 6¢6 L'S6 VY9 996 TL6 6S6 986 6L6 86 ¢€L6 VL6 996 L'L6 96 896 €68 106 ¢c68 £13mg 69> 11 °5e1s

100°0> 600 i ¥ €1 L0 80 ¢0 ¢SO0 80 €0 90 €0 €S0 €0 €0 ¢SO0 SO0 €0 €0 Adersyroway)

100°0> c0'0 €€9 8¥9 969 8L9 T89 S99 §L9 689 O00L 9¥9 685 195 +9S LTS TIS +IS ¢8y IS Aderoy surwopuy

100°0> €00 cee G99 €6e L't 9LT 18T 8SC Yo TVYC 6'¢C SEC €SC 6YC 8VC 6V SLT 6'LC SLT Adersyorpey

100°0> L00— 6'L9 ¥'8 169 V¥L9 9.9 989 689 60L 6¢L VL €SL TLL S8L TI8 6'¢8 L8 668 T'88 £18mg ¢/ <

100°0> 60°0 Yyl TOl 881 v6l 6LI ¢LI 0SI 0CI €¢I T10I e re 1 9¢ 9¢ 9 99 I¢ Adezsyroway)

1000 > S00 8Ty TOS +0S 66y T'IS +#0S €TS S0S €6v 0¢r +SE T'€e 9¢c TI'I€ 8TE 6€€ 96¢ F6¢ Aderoy sutwopuy

100°0> c0'0 €69 €8L 99L TI'SL 9¢L STL 869 ¥L9 8€9 6¢€9 669 6¢9 €79 G199 €65 685 €8S T8¢ Adezoyrorpey

100°0> 00— TL6 086 98 98 T8 686 18 €8 88 886 98 886 88 986 686 C66 166 €66 A3mg  ¢/-¢9

100°0> 00 Sy vSyr 8vS 965 TIOS VLS TLS §9S T6S Tt 9Ly 08y 69v 8Sy vvy Vviv Tvr vev Adexoyowey)

100°0> S0'0 08¢ SLS LS €LS TLS 095 L9S TSS TISS SLy 60F €TF ¥eF 88 86¢ 88 6LE ¢6¢ Aderoy suropug

100°0> 00 ¥'09 T8L SL TyL TYL LIL T8 8L9 +99 89 9°L9 T'L9 €89 €99 699 ¢'L9 99 ¢'S9 Kdezoyiorpey

100°0> 600— 696 166 066 CT66 €66 T66 T66 C66 V66 €66 €66 S66 S$66 P66 S66 966 S66 S66 £18mg ¢9>  [-T93mS
onfea d JUAOYIP0D  L10T 910T S10T 10T €10T CTIOT T10T OI0T 600T 800T LOOZT 900T SOOT #00T €00T TOOT 100 000C

a3e pue 93e3s £q paynens ‘Quil J9AO SONSLINORIRYD JUSWIRAL], ¢ d|qel

pringer

Qs



Breast Cancer Research and Treatment (2019) 178:141-149

145

is still rarely prescribed (less than 8% in all incidence years,
p=0.230).

In patients with stage IV breast cancer, the use of chemo-
therapy slightly increased in patients aged >75 (4.5% in
2000 to 8.2% in 2017, p=0.005) but not in patients aged
65-75 years. Again, the proportion of patients who received
surgical treatment decreased in patients of all age groups.

Relative survival outcomes

Median follow-up was 4.2 years (range 0—17.1 years). When
combining patients of all stages, we showed that relative
survival improved in all age groups (<65: RER 0.95, 95%
Confidence interval (CI) 0.95-0.96, p <0.001, 65-75: RER
0.96, 95% CI 0.95-0.97, p <0.001, >75: RER 0.99, 95%
CI 0.98-0.99, p<0.001) (Table 3; Fig. 1). However, these
changes were no longer present in patients aged 6575 years
and in patients > 75 years after adjustment for tumour char-
acteristics (including tumour grade, stage, hormone-receptor
status and HER?2 status), while it remained statistically sig-
nificant in the youngest age group.

Stratified by stage, we observed an improvement of rela-
tive survival over time for patients in the youngest age group
for all stages. In patients aged 65-75 years, relative survival
improved in all stages in the univariate analyses (univariate
RER 0.93, 95% CI 0.91-0.95, p <0.001 for stage I-II dis-
ease, RER 0.97, 95% CI 0.95-0.98, p <0.001 for stage III
and RER 0.97, 95% CI 0.96-0.98, p <0.001 for Stage IV).
However, after adjustment for tumour characteristics, sur-
vival only improved in patients with stage III breast cancer
(RER 0.98, 95% CI 0.96-1.00, p =0.046). After additional
adjustments for treatment (including surgery, chemotherapy,
radiotherapy and endocrine therapy), the association was no
longer statistically significant (RER 0.99, 95% CI 0.97-1.00,
p=0.159).

In patients aged 75 years or older, relative survival did
not improve in patients with stage I/II or stage III disease.
In stage IV disease, relative survival did improve (RER
0.98,95% CI10.97-0.99, p <0.001), but after adjustment for
tumour and treatment characteristics, this was no longer the
case (RER 1.02,95% CI 1.00-1.03, p=0.754).

Discussion

This study shows that in contrast with the previous stud-
ies, the relative survival of patients aged 65-75 years with
advanced breast cancer has improved in the last decades,
and concurrently, systemic treatment increased in this age
group. However, no improvements were observed in the age
group > 75 years.

The survival gain in patients aged 6575 years in patients
with stage III breast cancer is most likely explained by

changes in systemic treatments, as demonstrated by the fact
that the observed improvement was no longer statistically
significant after adjustment for treatment. The most notable
changes in treatment observed were increased administration
of chemotherapy. The increase in chemotherapy occurred
despite the fact that the Dutch breast cancer guidelines
explicitly state that the additional value of adjuvant chem-
otherapy in older patients with an ER+ early breast can-
cer is low in older patients [10]. Up to 2017, the guideline
even advised that patients aged 70 years or older should not
receive chemotherapy [11]. As a result, the number of older
patients with stage III breast cancer who receive chemo-
therapy is still very low compared to other European coun-
tries, as was previously published by our group [12]. It was
shown that only 10% of patients over the age of 70 with stage
III breast cancer in the Netherlands receive chemotherapy,
compared to 35.2% in Belgium. Concurrently, survival out-
come was better in Belgium, although not statistically signif-
icant. The percentage of patients with stage III disease who
received systemic chemotherapy did increase from 33.6%
in 2005 to 52.6% in 2017 (in patients aged 65-75 years),
but it is still likely that there is a group of patients who are
currently undertreated in this group. Hopefully, the currently
ongoing French ASTER trial (NCT01564056) will aid in the
evidence for treatment with adjuvant chemotherapy in older
patients with breast cancer. The study randomized between
adjuvant chemotherapy combined with endocrine therapy,
versus endocrine therapy alone in older patients with high
risk breast cancer (using a genomic prediction tool), results
are expected in 2020.

The lack of survival gain in patients aged > 75 years is
mostly in line with a previous analysis of the Netherlands
cancer registry data on survival of women with a breast
cancer diagnosis between 1990 and 2005 [6], and may be
explained by several factors. First, we hypothesize that older
patients with stage III breast cancer are currently under-
treated in the Netherlands, as mentioned above. Possibly,
the survival of patients aged > 75 would further improve by
increasing the use of chemotherapy, especially in fit older
patients with advanced breast cancer. On the other hand, a
large majority of older patients in our cohort received endo-
crine therapy, even if they had stage I-II breast cancer. This
might not be justified in all patients, since the risk of dying
from other causes (so-called competing mortality) strongly
increases with age and might have resulted in increased mor-
tality from other causes, for example thrombotic or cardio-
vascular events [13, 14].

In addition, the lack of survival gain in the oldest age
group might be explained by the increasing proportion of
patients aged 75 years or older with stage I-III disease who
did not receive primary surgery. Similarly, the survival of
patients aged 65-75 years with stage I-II disease did not
improve while the percentage of patients receiving primary
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Table 3 Relative survival RER  (95% CI) p value
stratified by stage and age
All stages <65
Year of diagnosis (crude) 0.95 (0.95-0.96) <0.001
Year of diagnosis (adjusted for tumour characteristics*) 0.96 (0.96-0.97) <0.001
Year of diagnosis (additionally adjusted for treatment™**) 0.96 (0.96-0.97) <0.001
65-75
Year of diagnosis (crude) 0.96 (0.95-0.97) <0.001
Year of diagnosis (adjusted for tumour characteristics*) 0.99 (0.98-1.00) 0.217
Year of diagnosis (additionally adjusted for treatment®*) 1.00 (0.99-1.01) 0.698
>75
Year of diagnosis (crude) 0.99 (0.98-0.99) 0.001
Year of diagnosis (adjusted for tumour characteristics*) 1.03 (1.02-1.03) <0.001
Year of diagnosis (additionally adjusted for treatment™**) 1.00 (0.99-1.01) 0.698
Stage I-11 <65
Year of diagnosis (crude) 0.92 (0.91-0.92) <0.001
Year of diagnosis (adjusted for tumour characteristics**%*) 0.93 (0.93-0.94) <0.001
Year of diagnosis (additionally adjusted for treatment™*#*#*) 0.93 (0.92-0.94) <0.001
65-75
Year of diagnosis (crude) 0.93 (0.91-0.95) <0.001
Year of diagnosis (adjusted for tumour characteristics***) 0.98 (0.97-1.00) 0.124
Year of diagnosis (additionally adjusted for treatment™®***) 0.99 (0.97-1.00) 0.190
>175
Year of diagnosis (crude) 1.0 (0.99-1.01) 0.789
Year of diagnosis (adjusted for tumour characteristics***) 1.07 (1.05-1.09) <0.001
Year of diagnosis (additionally adjusted for treatment™***) 1.0 (0.98-1.02) 0.738
Stage 111 <65
Year of diagnosis (crude) 0.95 (0.94-0.96) <0.001
Year of diagnosis (adjusted for tumour characteristics***) 0.97 (0.96-0.98) <0.001
Year of diagnosis (additionally adjusted for treatment™®***) 0.97 (0.96-0.98) <0.001
65-75
Year of diagnosis (crude) 0.97 (0.95-0.98) <0.001
Year of diagnosis (adjusted for tumour characteristics***) 0.98 (0.96-1.00) 0.046
Year of diagnosis (additionally adjusted for treatment™****) 0.99 (0.97-1.00) 0.159
>175
Year of diagnosis (crude) 1.0 (0.98-1.01) 0.752
Year of diagnosis (adjusted for tumour characteristics***) 1.02 (1.00-1.04) 0.049
Year of diagnosis (additionally adjusted for treatment™*#*#*) 1.0 (0.99-1.02) 0.742
Stage IV <65
Year of diagnosis (crude) 0.96 (0.95-0.97) <0.001
Year of diagnosis (adjusted for tumour characteristics***) 0.98 (0.97-0.99) <0.001
Year of diagnosis (additionally adjusted for treatment™***) 0.98 (0.97-0.99) <0.001
65-75
Year of diagnosis (crude) 0.97 (0.96-0.98) <0.001
Year of diagnosis (adjusted for tumour characteristics***) 1.00 (0.98-1.01) 0.554
Year of diagnosis (additionally adjusted for treatment™***) 1.00 (0.98-1.01) 0.609
>75
Year of diagnosis (crude) 0.98 (0.97-0.99) <0.001
Year of diagnosis (adjusted for tumour characteristics**%*) 1.02 (1.00-1.03) 0.006
Year of diagnosis (additionally adjusted for treatment™***) 1.00 (0.99-1.01) 0.754

*Adjusted for grade, stage, HR status
**Adjusted for grade, stage, HR status, treatment (surgery, radiotherapy, systemic treatment)
***Adjusted for grade, HR status

*k** Adjusted for grade, HR status, treatment (surgery, radiotherapy, systemic treatment)
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Fig. 1 Relative survival over time per age-group, stratified by tumour stage

surgery slightly declined. Previous clinical trials showed that
tamoxifen alone was inferior to treatment with surgery with
adjuvant tamoxifen in older patients with respect to progres-
sion-free survival and overall survival although the latter
was not statistically significant in a Cochrane review sum-
marizing the trials (HR 0.86, 95% CI 0.73-1.00, p =0.06)
[15]. However, these studies have never been performed with
aromatase inhibitors which are somewhat more effective and
currently the drug of choice in primary endocrine therapy.
Finally, a possible explanation of the lack of survival gain
in the oldest age groups is the influence of competing causes
of death. It is well known that the risk of dying from other
causes strongly increases with age [13, 16]. Therefore, a
relatively small proportion of older patients with breast can-
cer who die, die from their breast cancer. Hypothetically, it
is possible that this proportion is so small, that there is not
much to gain from therapy improvements for the oldest age
groups in terms of breast cancer survival. This makes it even
more important to weigh benefits and risks of treatment,
since the risk of complications and adverse events strongly
increases with age and comorbidity [17-19].

Interestingly, the survival of older patients with stage IV
breast cancer did improve with a concurrent small increase
of systemic chemotherapy in the first year of treatment. The
survival gain disappeared after adjustment for tumour char-
acteristics, but this was probably related to the more compre-
hensive registration of tumour grade and ER/PR status in the
most recent years, which caused an interaction. An alterna-
tive explanation is the increasing use of CDK4/6 inhibitors.
Unfortunately, this is not yet registered in the cancer registry
which means that we could not investigate this hypothesis.

Because many studies have focused on tailoring breast
cancer treatment to the older patient during the last two dec-
ades, we expected to see an improvement in relative survival

for this age category, as was previously observed in younger
patient. However, the improvement was only observed in
patients aged 65-75 years with advanced breast cancer, but
not in patients aged >75. To further improve overall and
breast cancer-specific survival outcomes in all older patients,
it is essential to individualize treatment by incorporating
concomitant diseases and geriatric parameters in treatment
decisions [20]. It has been showed in many previous studies
that geriatric parameters such as gait speed, functional sta-
tus, cognitive functioning and nutritional status are strongly
predictive of survival [21, 22]. Furthermore, these factors
can be used to estimate the risk of treatment toxicity [23].
Prediction tools for breast cancer survival such as Adju-
vant! Online and PREDICT do not incorporate any geriatric
parameters [24, 25]. Therefore, we are currently developing
a new prediction tool (The PORTRET tool, which stands for
“Prediction of Outcome and Toxicity in older patients with
bREasT cancer”), that will incorporate tumour characteris-
tics, comorbidity and geriatric predictive factors. The tool
will not only predict breast cancer recurrence and competing
mortality outcomes, but also the risk of treatment toxicity,
quality of life and functional decline.

The main strengths of this study are the large sample
size, as this is a national cancer registry database with well-
registered data of all consecutive patients with breast cancer
in the Netherlands. The use of relative survival is an addi-
tional strength of the study, since this outcome is not biased
by misclassification of causes of death, which is a common
problem in older patients [26].

Of course, this study has its limitations. First, we did
not have any information on comorbidity status or geriatric
parameters in this dataset, as these data are not registered by
the Netherlands Cancer Registry. Second, no recurrence or
cause of death were available, but the use of relative survival
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as an alternative method has been shown to be a valid alter-
native. In addition, information on systemic treatments were
only available for the first year after diagnosis.

In conclusion, the relative survival of patients aged
65-75 years with advanced breast cancer has improved in
the previous decades, most likely due to an increase in sys-
temic chemotherapy in patients with stage III breast cancer.
However, no improvements were observed in the age group
>75 years with stage I-1II breast cancer. Future studies
should focus on individualizing treatments based on con-
comitant comorbidity, geriatric parameters and the risk of
competing mortality and toxicity of treatments.
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