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INTRODUCTION

Breast cancer is the most frequently diagnosed malignancy among women world-
wide, especially in developed countries.'

The ageing population results in an absolute increase in older women diagnosed
with breast cancer.” This specific population is underrepresented in the available
evidence about the treatment of cancer.>* Therefore, there is no solid evidence on
how to treat older women with breast cancer. Exactly this group is such a complex
patient group, for several reasons. When we consider chronological age, we have
to deal with a very heterogeneous population. For young breast cancer patients, in
most of the cases, we can assume that breast cancer is the only disease to be treated
at that moment. However, older women have a higher chance to already have
been diagnosed with other diseases, like cardiovascular diseases and diabetes.’
On the other hand, there is also a large group of older women who are very fit
and furthermore healthy, who we can consider as biologically young. There are a
few studies performed considering other diseases in relation to the treatment and
prognosis of breast cancer.®”

Another reason of the complexity of the population of older women with breast
cancer is one of the most important consequences of comorbidity: death from an-
other cause than breast cancer. In an undefined number of cases, comorbidity has
a greater impact on the life expectancy than breast cancer itself. For instance, when
we consider a patient suffering from advanced stage cardiac failure and a new
diagnosis of early stage breast cancer. It is imaginable that in this specific patient,
the comorbid disease has a higher chance to result in early death, than the breast
cancer. When a study is performed with the aim to investigate breast cancer spe-
cific prognosis, in this case the cardiac failure can blur the results, because there is
a considerable chance that this patient will die of cardiac problems, before a breast
cancer recurrence would have occurred. This issue is called competing mortality,
and in current literature, this issue is underexposed.

Due to the underrepresentation of older patients in most of the breast cancer
studies, it is questionable if the results of the most important breast cancer trials
can be extrapolated to the older population. It would be very valuable to repeat
important therapeutic studies among older women. However, this would be a very
time consuming and difficult mission to undertake. Therefore, novel study designs
using population based data sources would be very efficient to solve this problem.
One of the most important challenges to handle in population based, retrospec-
tive, studies is the issue of confounding by indication."’ This type of bias arises when
outcomes of different therapies are directly compared in a retrospective database.
In these studies, in contrast to clinical trials, different therapies are used, or not
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used, on an individual basis. The reason of choosing for a specific therapy can be
related to the outcome. For instance, we consider the patient with advanced stage
cardiac failure again. When she is diagnosed with (early stage) breast cancer, the
cardiac failure is probably a contraindication for surgery, so she does not undergo
breast surgery. Also, she has a relatively short life expectancy. But when she dies
(from cardiac failure), there is no causal relationship between the omission of
breast surgery and death. However, it is not impossible to draw conclusions on
prognosis from population based studies. For example, the instrumental variable
might provide a solution. A variable that is related to the treatment choice, but not
directly to the outcome.”” When there are considerable international differences
between treatment strategies, country can be a good instrumental variable, when
health care systems are similar and when there are no reasons to assume general
life expectancy of the populations differ.

In this thesis, the aim is to investigate international patterns of care for older
women with breast cancer, and also the impact of these differences on prognosis.
Furthermore, we had the objective to assess the impact of different specific co-
morbid diseases, but also the use of non-cancer drugs on breast cancer prognosis.
Finally, we aim to develop a new predictive model, specifically for older women
with breast cancer, in which as well patient-related as tumour-related factors are
included. The model could be used in clinical decision making in the treatment of
breast cancer in older women.

DATA SOURCES

This thesis is part of the FOCUS project: Female breast cancer in the elderly: Op-
timizing Clinical guidelines USing clinico-pathological and molecular data. This
program was initiated after receiving a program grant from the Dutch Cancer So-
ciety in 2007. For this project, the largest, most detailed population-based database
of older women with breast cancer was built. This database consists of all 3,672
consecutive breast cancer patients, aged 65 years or older at the time of diagnosis,
diagnosed between 1997 and 2004 in the South West region of The Netherlands.
In addition to the standard data included in the cancer registry, very detailed
information was gathered about the tumour, treatment, but also on the occurrence
of a recurrence during follow-up. Also, patient-related information was registered,
including comorbidity and social economic status. Probably most innovative of
the database was the additional gathering of tumour tissues of a very large part
of the included patients, which resulted in the linkage of detailed clinical data to
validated pathological information from our own laboratory.
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A considerable part of this thesis is established with data from the FOCUS data-
base. Also, data from the Tamoxifen Exemestane Adjuvant Multinational (TEAM)
study were used. This is a large randomized clinical trial among breast cancer
patients investigating different adjuvant endocrine therapy regimens. This trial is
special because of the broad inclusion criteria, without upper age limit. Therefore,
relatively much older women were included in this study. Furthermore, we used
data from national cancer registries from several countries. For one study we had
the opportunity to use the database of the European Society of Breast Cancer
Specialists (EUSOMA), which consists of more than 40.000 breast cancer patients

across six different European countries.

OUTLINE

Part 1 of this thesis describes patterns of care across different countries. In chapter
2, treatment and survival of older women with breast cancer is crudely compared
between several European countries and the US. Chapter 3 highlights two coun-
tries from the former chapter, Ireland and The Netherlands. In this chapter a more
detailed comparison of treatment and survival is described. The European Society
of Breast Cancer Specialists (EUSOMA) defined a set of quality indicators for the
management of breast cancer. In chapter 4, compliance to these indicators is as-
sessed according to age.

In Part 2, the impact of non-cancer related factors are studied to find out if there
is an impact on the cancer specific prognosis. Especially in older patients, there is
a substantial chance of the presence of any comorbidities at the time of diagnosing
breast cancer. It is hypothesized that there could be a interaction between the exis-
tence of specific diseases and the prognosis of breast cancer. Therefore, in chapter
5 a study assessing the impact of comorbidity on the prognosis of older breast
cancer patients is described. In chapter 6, one specific comorbidity, diabetes, is
explored to find out if there is an association between having this disease and the
prognosis of breast cancer patients. Concerning the co-existence of diabetes at the
time of breast cancer diagnosis, it has been hypothesized that the use of metformin
could have a positive effect on the prognosis of breast cancer. Also, other drugs,
that have not been registered as anti-cancer medication, have been suggested to
have a probable impact on cancer-prognosis. In chapter 7, the impact of the use of
three commonly used non-cancer medications on the cancer-specific prognosis is
assessed among the patients included in the TEAM trial.

Part 3 consists of studies in which the prognosis of older patients is assessed.
Chapter 8 assesses the external validation of the results of a clinical trial for older

General introduction
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women with breast cancer. In this chapter a study is described in which the older
patients included in the TEAM study, a large international multicenter trial, are
compared to older breast cancer patient from the general population.

Older women with a diagnosis of breast cancer, do have a significant risk to die
from another reason than breast cancer. In chapter 10, we show a clinical example
of the use of competing risk analyses in older women with breast cancer, to high-
light the importance of taking into account the risk of dying from another cause
than breast cancer, when assessing a disease specific endpoint.

Finally, in chapter 11, all results of the studies in this thesis are discussed in a

general discussion.
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ABSTRACT

Introduction. Over 40% of breast cancer patients are diagnosed above the age of
65. Treatment of these elderly patients will probably vary over countries. The aim
of this study was to make an international comparison (several European countries
and the US) of surgical and radiation treatment for elderly women with early-stage
breast cancer. Survival comparisons were also made.

Methods. Data were obtained from national or regional population-based regis-
tries in the Netherlands, Switzerland, Ireland, Belgium, Germany and Portugal.
For the US patients were selected from the Surveillance, Epidemiology, and End
Results (SEER) database. Early-stage breast cancer patients aged >65 diagnosed
between 1995 and 2005 were included. An international comparison was made for
breast and axillary surgery, radiotherapy after breast conserving surgery (BCS),
and relative or cause-specific survival.

Results. Overall, 204.885 patients were included. The proportion of patients not
receiving any surgery increased with age in many countries; however differences
between countries were large. In most countries more than half of all elderly pa-
tients received breast conserving surgery (BCS), with the highest percentage in
Switzerland. The proportion of elderly patients that received radiotherapy after
BCS decreased with age in all countries. Moreover, in all countries the proportion
of patients who do not receive axillary surgery increased with age. No large differ-
ences in survival between countries were recorded.

Conclusion. International comparisons of surgical treatment for elderly women
with early stage breast cancer are scarce. This study showed large international
differences in treatment of elderly early-stage breast cancer patients, with the most
striking result the large proportion of elderly who did not undergo surgery at
all. Despite large treatment differences, survival does not seem to be affected in a

major way.
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INTRODUCTION

Breast cancer is the most frequently diagnosed cancer worldwide, accounting for
23% of all new cancer cases in women and 14% of all female cancer deaths in 2008".
A high incidence of breast cancer is observed in women aged 65 years and older,
comprising over 40% of all breast cancer patients in developed countries.” Given
the aging population and constantly improving screening and diagnostic tools, the
number of elderly patients with breast cancer is expected to grow in the coming
decades.’

Clinical trials indicate that the choice of mastectomy versus breast conserving
surgery (BCS) followed by radiotherapy (RT) for early stage breast cancer does
not affect overall mortality or breast cancer mortality.*> However, patients who
receive BCS+RT have a small but significant increase in local recurrences. Elderly
patients have been under-represented in breast cancer treatment trials, based on
their age, comorbid diseases and logistic barriers.”* Consequently it is questionable
if trial results can be generalized to patients of all ages. Despite guideline recom-
mendations, several observational studies from different countries show that with
increasing age, treatment of early stage breast cancer more often consists of mas-
tectomy; moreover, omission of RT after BCS increases with increasing age.””"! In
addition, older breast cancer patients are more likely than younger patients to not
undergo breast surgery, even though mortality caused by breast surgery is shown
to be low among elderly."

The different treatment approaches to elderly breast cancer patients could have
consequences. Several observational studies showed worse overall, breast cancer
specific and disease-free survival for ‘undertreated” elderly patients (not treated
according to guidelines)."* An international study comparing breast surgery
among countries for patients participating in the Tamoxifen Exemestane Adjuvant
Multinational (TEAM) trial showed large differences in surgical treatment ap-
proach to early-stage breast cancer in postmenopausal women.” The EUROCARE
group recently published a population-based study on the surgical treatment of
early stage breast cancer (TINOMO) across Europe. They found considerable dif-
ferences in the use of BCS followed by RT. Of all surgically treated patients across
the participating countries, 55% received BCS+RT, with a range from 9% in Estonia
to 78% in France." However, none of these studies specifically compared treat-
ment of the elderly patient with breast cancer. The aim of this study is to make an
international comparison of breast and axillary surgery, and radiotherapy after
breast conserving surgery in elderly patients with early-stage breast cancer, and its

possible influence on survival.

Surgical treatment of early stage breast cancer in elderly: an international comparison
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METHODS

Patients

Women aged 65 and older, who were diagnosed with early-stage breast cancer
(T0-2, N0O-1, MO0) and recorded in population-based cancer registries in the Neth-
erlands, Ireland, Switzerland, Belgium, Germany, Portugal, and the U.S were
included. From the population-based database of the Netherlands Cancer Regis-
try, women diagnosed between 1995 and 2005 were selected. For the US, patients
diagnosed between 1998 and 2007 were selected from the Surveillance, Epidemi-
ology, and End Results (SEER) database covering 28% of the US population. In
Switzerland, patients diagnosed between 2003 and 2005 were identified from seven
population-based cancer registries (Geneva, Valais, Ticino, St Gallen-Appenzell,
Grisons-Glarus, Basel city and countryside and Zurich) covering 47% of the Swiss
population. In Ireland, patients were selected from the national cancer registry
between 1999 and 2007. In Belgium, patients diagnosed between 2001 and 2006
were selected from the national cancer registry. German patients diagnosed be-
tween 1995 and 2008 in the Munich region were selected. Finally, patients from the
Portugal South regional cancer registry (ROR-Sul) were selected between 2006 and
2008. Patients with a diagnosis of breast cancer on death certificate or at autopsy
only or with unknown treatment were excluded.

Statistics

Calculations of treatment percentages and survival were performed for each
country and aggregated into tables for the comparison between countries. Patients
were categorized in six age groups (65-69, 70-74, 75-79, 80-84, 85-89 and >90) for
the treatment analyses. Tumor stage was defined by combined TNM stage'® (cat-
egorized as stage I, IIA, IIB), with clinical stage used when pathological stage was
missing. Stage I includes TINO tumors, stage IIA TIN1 or T2NO tumors and stage
IIB contains T2N1 tumors (also T3NO tumors but these were excluded from this
study). Breast surgery was categorized as mastectomy, breast conserving surgery,
or no surgery. Patients who received BCS first, but later received mastectomy,
for any reason, were positioned in the mastectomy group. Receipt of radiation in
addition to BCS was also assessed. Axillary surgery (either sentinel node biopsy
or axillary lymph node sampling or dissection) was documented (yes/no). Descrip-
tive statistics were used, as only aggregated tables were compared, to assess the
proportion of patients receiving each treatment; where possible percentages were
compared using the chi-square test. A p value of <0.05 was considered statistically
significant.
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Relative survival was calculated by the Ederer Il method as the ratio of the survival
observed among the cancer patients to the survival that would have been expected
based on the corresponding (age, sex and year of diagnosis) general population.
National life tables for each country were used to estimate expected survival. In all
countries and regions, vital status was established either directly from the patient’s
medical record or through linkage with the municipal or national population regis-
tries. The SEER database links with the National Death index, which also provided
causes of death, and disease specific survival was calculated for patients treated in
the US. Survival of Irish patients was mainly based on linkage to national mortality
data, sometime supplemented with clinical information on date of death. For the
survival analysis age was categorized as 65-74, 75-84 and >85.

RESULTS

Overall, 204.885 patients were included in the study. Characteristics of the popula-
tions are shown in Table 1. Age distribution was similar (p=0.9).across participating
countries. Stage distribution among European countries was comparable (p=0.5),
however, US patients more frequently had stage I disease (p=0.06). Grade distribu-
tion was significantly different between the countries (p<0.001).

Breast surgery
Figure 1 shows the proportions of patients who did not receive breast surgery in the
several countries by age. The proportion of women not undergoing breast surgery
varies among countries (p<0.001) from 0.5% (MCR Germany) to 13.4% (Ireland).
Overall, the proportion of patients who did not receive surgery increased with age.
In the lowest age categories (65-69 and 70-74), proportions of patients without breast
surgery were small (<5%) in all countries (difference between countries were small
but significant p<0.001). As age increases, larger differences in the omission of breast
surgery become apparent (again p<0.001). In the US and Germany, in particular,
relatively few patients did not undergo breast surgery. However, in Ireland and The
Netherlands more than half of patients aged 90 years and older had no breast surgery.
Figure 2 shows the proportion of patients that received BCS (of all operated
patients) in the countries by age. In most countries more than half of the included
patients underwent BCS, except for The Netherlands, Ireland and Portugal. The
use of breast conserving procedures was highest in Switzerland (70%). In all coun-
tries, except for the US and Ireland, the proportion of BCS decreased with age. In
the US the proportion of BCS was relatively stable with age and in Ireland the use
of BCS increased with age.

Surgical treatment of early stage breast cancer in elderly: an international comparison
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Figure 1: Overall and age-specific percentages of the patients who did not receive breast surgery,
by country
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Figure 2: Overall and age-specific percentage of patients that received breast conserving surgery (of
all patients that received surgery), by country

Radiotherapy after breast conserving surgery

Figure 3 shows the proportion of patients treated with BCS who received adjuvant
RT. This proportion decreased substantially with age in all countries (p<0.001), and
also varied markedly between countries (p=0.0005). The largest overall proportion
of BCS followed by RT was observed in Belgium (85%) and the lowest in Portugal
(59%) although the sample size was small for the latter.
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Axillary surgery

Figure 4 shows proportions of all included patients who did not receive axillary
surgery. The national cancer registry of Belgium could not provide this informa-
tion and in the US, data on axillary staging were missing for 9.8% of patients. In
all countries, the percentage of patients who did not undergo axillary surgery in-
creased with age. However, there was major variation among countries (p<0.001),
from 1.4% (MCR Germany) to 22.6% (Ireland) overall.

100 7
90
80
70 A
¥ Netherlands
*0 HG
erman
% 50 A Y
. US**
407 M Switzerland
30 1 M ireland
20 1 M Portugal *
10 4
0+
Overall 65-69 70-74 75-79 80-84 85-89 90+
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

*Less than 50 patients in the selection

**Missing 9.8%
Figure 4: Overall and age-specific percentages of patients that received no axillary surgery, by coun-
try

Survival

Figure 5 shows the 5-year survival after diagnosis by age and stage. For all ages
combined, there were no major differences in survival between countries, with the
highest relative survival for Ireland (99%). Among stage I patients, survival was
similar between countries in all age categories. For stage II, patients aged 65-74
years had a similar survival in all countries, but there were differences for patients
aged 75-84 and patients aged > 85, where survival was higher for patients in Ger-
many (MCR) and Ireland.
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Figure 5: Relative survival (5-years) for Stage I and II disease, by age and country * Disease-specific
survival for US

DISCUSSION

Major findings of the present study were the large differences in locoregional treat-
ment across countries, especially in the proportion of elderly breast cancer patients
receiving no breast surgery at all. However, despite substantial differences in
breast cancer treatment, survival among countries was comparable. International
comparisons of surgical treatment for elderly women with early-stage breast can-
cer are scarce. In the present study we were able to make a comparison between
several European countries and the US.

Breast surgery

The international differences in the percentage of elderly early-stage breast cancer
patients who did not undergo breast surgery are striking. Whereas, for example, in
Ireland the percentage of patients aged >90 who did not have surgery was 67%, in
the US only 8.8% had no surgery and in Germany all patients in this age category
received breast surgery. The findings in the US are consistent with a recently pub-
lished study from the US in which 98% of all T1 or T2 breast cancer patients aged
>65 years received at least some surgery.'” International studies comparing the
percentage of breast cancer patients who do not receive surgery are scarce. Most
observational studies of survival excluded patients who did not have any surgical
treatment, but the few retrospective studies that did include non-surgically treated
patients showed poor overall and lower breast cancer specific survival for these
patients.”'”" Many descriptive studies from different countries have also showed

Surgical treatment of early stage breast cancer in elderly: an international comparison
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less extensive surgical treatment for elderly women with early-stage breast cancer

compared with younger patients™>”'""?

Radiotherapy

An overview of clinical trial data has shown that BCS should be followed by radio-
therapy to achieve results comparable with mastectomy in terms of recurrence and
survival.* In some elderly women BCS without radiation may be used to minimize
potential treatment-related complications. However, the value of RT after BCS in
elderly breast cancer patients is still subject of debate, since some studies suggest
that radiation may be safely omitted for low-risk tumors in women over age 70.”*'
The current study shows that the proportion of women who received RT after BCS
decreased with age. This trend was found in all participating countries, although
specific proportions vary. Notable are the high percentages of elderly patients that
received RT after BCS in Switzerland (79%) and Germany (MCR 80%). Possibly, for
Switzerland, high accessibility of health services could partly explain this finding.
For the selected German region (Munich), a previous study demonstrated that this
specific region has a higher percentage of BCS for early-stage breast cancer than
five other regions in Germany, so this region may not be completely representative
for the whole country.” Also interesting are the differences in breast surgery be-
tween the Netherlands and Ireland (both national databases). Both countries have
a high proportion of patients that receive no breast surgery although it is higher in
Ireland. The proportion of BCS decreases with age in the Netherlands but increases
in Ireland; the proportion of adjuvant RT decreases with age in both countries.
This remarkable difference in locoregional therapy did not influence survival in
any way. Information concerning loco-regional recurrences, not routinely collected
by most cancer registries, could add some information to these comparisons and
should be collected when possible in the future.

Axillary surgery

In all participating countries the proportion of women in whom axillary surgery
was not performed increased with age, a finding consistent with another observa-
tional study.” The largest proportion was found in Ireland, directly followed by
the US, Portugal and the Netherlands. Germany stands out on this topic; only 1.4%
of the elderly breast cancer patients did not undergo any form of axillary surgery.
Axillary staging is part of some guidelines, and these findings suggest that guide-
line adherence decreased with increasing age. However, several randomized and
non-randomized studies showed very low rates of axillary recurrences and com-
parable disease-free and overall survival between clinical node-negative elderly

breast cancer patients with and without axillary surgery.***
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Strengths and limitations

One of the strengths of this comparison is the large number of patients and the
population-based datasets that included all elderly patients. This facilitated com-
parison of treatment strategies in countries with similar health systems by using
country as an instrumental variable.

A limitation of this study is that systemic treatment information was not available
for all countries. However, available data indicate that rates of hormonal therapy
(HT) were high: for example, among non-surgically treated patients, the propor-
tion receiving HT was 85% in the Netherlands and 69% in Ireland. However, it is
questionable if HT can replace surgery in elderly patients. Trials in which women
aged >70 were randomized to have surgery or HT do not show significant better
overall survival for surgery compared to HT alone, although risk of recurrence is
significantly larger when operable breast cancer in elderly is treated by tamoxifen
alone.”*” Another limitation of this study might be that information concerning the
extent of “clear margins” after BCS was not available.

Another limitation of the study could be differences in data collection between
the participating registries and the absence of national data for several countries
(only The Netherlands, Belgium and Ireland are national cancer registries). In
countries with regional data, the regions may not be perfectly representative of the
whole country. Also the small number of patients included for Portugal may not
be representative and in some categories, numbers were insufficient to draw con-
clusions about treatment. Finally, the years of available data were not completely
overlapping, and thus changes in treatment patterns over time could influence our
findings.

CONCLUSIONS

Despite the remarkable large differences in locoregional treatment of early breast
cancer, the current study showed minimal differences in survival at five years
between older breast cancer patients from seven Western countries. These find-
ings raise the question whether more or less aggressive treatment of early stage
breast cancer in elderly makes a difference. Future research should be focused on
the best therapy for elderly women with respect to survival and quality of life. It
may well be that the much criticized “less aggressive therapy” for elderly breast
cancer patients does not harm patients with early stage disease, particularly
women with comorbid illness that may otherwise limit their life expectancy. To
properly investigate this, randomized controlled trials , specifically aimed at the
elderly, is considered to give the best evidence. RCT’s however, are costly and time
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consuming en will not yield practice changing results within years from the start
of such a trial. Furthermore, older patients are underrepresented in trials and no
direct comparison of different approaches to the local regional treatment of early
breast cancer in older women is available. International comparison of specific
treatment protocols could serve as a good alternative to select ‘best practices” and
improve the risk/ benefit ratio in the treatment of older breast cancer patients. This
comparative effectiveness research can bridge the knowledge gap specifically in
older cancer patient, who are by nature, heterogeneous in patient characteristics

and treatment patterns.28
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ABSTRACT

Objectives. Forty percent of breast cancers occur among older patients. Unfortu-
nately, there is a lack of evidence for treatment guidelines for older breast cancer
patients. The aim of this study is to compare treatment strategy and relative survival
for operable breast cancer in the elderly between The Netherlands and Ireland.

Material and Methods. From the Dutch and Irish national cancer registries,
women aged >65 years with non-metastatic breast cancer were included (2001-
2009). Proportions of patients receiving guideline-adherent locoregional treatment,
endocrine therapy, and chemotherapy were calculated and compared between the
countries by stage. Secondly, 5-year relative survival was calculated by stage and
compared between countries.

Results. Overall, 41,055 patients from The Netherlands and 5,826 patients from
Ireland were included. Overall, more patients received guideline-adherent locore-
gional treatment in The Netherlands, overall (80% vs. 68%, adjusted p<0.001),
stage I (83% vs. 65%, p<0.001), stage II (80% vs. 74%, p<0.001) and stage III (74% vs.
57%, P<0.001) disease. On the other hand, more systemic treatment was provided
in Ireland, where endocrine therapy was prescribed to 92% of hormone receptor-
positive patients, compared to 59% in The Netherlands. In The Netherlands, only
6% received chemotherapy, as compared 24% in Ireland. But relative survival was
poorer in Ireland (5 years relative survival 89% vs. 83%), especially in stage II (87%
vs. 85%) and stage III (61% vs. 58%) patients.

Conclusion. Treatment for older breast cancer patients differed significantly on
all treatment modalities between The Netherlands and Ireland. More locoregional
treatment was provided in The Netherlands, and more systemic therapy was pro-
vided in Ireland. Relative survival for Irish patients was worse than for their Dutch
counterparts. This finding should be a strong recommendation to study breast
cancer treatment and survival internationally, with the ultimate goal to equalize
the survival rates for breast cancer patients across Europe.
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INTRODUCTION

Currently, about 40 per cent of all new breast cancer cases in developed countries
occur among women aged 65 and older.' Life expectancy is increasing, diagnostic
tools become more sensitive and screening programs are more widely used and ex-
panded. Consequently, the proportion of elderly breast cancer patients is expected
to increase in the near future.”

Proper treatment for older breast cancer patients is difficult to define. Older
women are frequently excluded from clinical treatment trials because of their age,
comorbidity or logistical barriers.” Moreover, the elderly who are included in trials
are probably not representative for the general older population.* Consequently,
an evidence-based treatment strategy for older women with breast cancer is lack-
ing. The only guidance for clinicians is from treatment guidelines which have
been validated in younger and healthier women.” Extrapolation from trials might
not be valid since breast cancer biology differs in some respects in older patients,
treatment tolerance varies, and there are substantial competing risks of mortality.>*
Consequently, clinicians have to decide what is best for their patient: treatment
according to the guidelines, or patient-tailored deviation from the guidelines.

In the last decade it has become more accepted to use observational data, pref-
erably population-based , to assess treatment effects in older cancer patients.”
However, no strong conclusions can be drawn from these studies as bias due to
confounding by indication is likely to be present, since specific (unknown) patient
and tumor-related factors influence receipt of particular treatments.”

A recent observational study comparing locoregional treatment between six
European countries and the US found that treatment strategy in The Netherlands
and Ireland differed considerably on various items among older women with early
stage breast cancer, indicating that older patients with early stage breast cancer
in Ireland seemed to be slightly undertreated, compared with The Netherlands.
However, relative survival was not demonstrably different.’

The aim of the present study is to compare treatment strategy and relative
survival for operable (non-metastatic) breast cancer in the elderly between The
Netherlands and Ireland in more detail.

MATERIAL AND METHODS

Data

From the Netherlands and Irish cancer registry, all female patients aged 65 years
and older diagnosed between 2001 and 2009 with invasive, non-metastasized

Treatment strategies and survival of older breast cancer patients - an international comparison | 33



breast cancer were selected. Patients with a diagnosis of breast cancer on death
certificate or at autopsy only, and other patients with a survival time of zero days,
were excluded. If a patient had a second primary tumor during follow-up, only the
first primary breast tumor was considered for analyses.

Tumor stage was defined by TNM stage'’, with clinical T and N used when
pathological information was lacking. Patients with missing T category were
excluded. When nodal and distant metastatic status were unspecified (NX and
MX), status was assumed to be NO and MO, respectively. Stage data were originally
coded using 6th-edition TNM rules' in the Netherlands and 5th-edition TNM
rules' in Ireland. Micrometastases (<0.2 cm) in regional nodes, classified as N1a in
Sth-edition TNM were recoded to NO for 21 Irish cases to conform to 6th-edition
TNM rules. For surgical treatment, only the most extensive surgery registered was
used for analysis. Axillary surgery was coded as yes or no.

Primary outcome was treatment strategy by stage. Treatments of interest were
type of surgery (none, BCS or mastectomy), radiotherapy (RT; yes or no), axillary
surgery (yes or no), locoregional guideline adherence (details below), endocrine
therapy (yes or no) and chemotherapy (yes or no). Secondary outcome measure
was 5-year relative survival in each country.

In both the Dutch and Irish breast cancer guidelines, primary surgical treatment
with mastectomy or BCS followed by radiotherapy (RT) is recommended for non-
metastasized breast cancer. In addition, it is recommended to assess axillary nodal
status by performing a sentinel node procedure or axillary lymph node dissection
(Appendix S1)."*"* Therefore, locoregional treatment was considered guideline-
adherent when a patient had BCS and RT or mastectomy with or without RT, in
all cases followed by any axillary surgical procedure. In addition the receipt of
systemic therapy (adjuvant endocrine therapy and chemotherapy) was analyzed.

Routine cancer registry data on endocrine therapy in Ireland were known to be
incomplete (National Cancer Registry of Ireland, unpublished data), because of
difficulties associated with outpatient prescription of the drugs involved. Endo-
crine therapy data for Irish patients were therefore supplemented by linkage to
a national database of drug prescription, which covers publicly funded ‘medical
card’ patients including most patients aged 65 years and over. Additional endocrine
therapy was identified by this linkage for 21% of patients. Linkage was not possible
for about 15% of Irish patients, and for this group, ‘missing’ endocrine therapy
was imputed (4% of all patients). The imputation assumed that the proportion
of ‘linked” patients receiving endocrine therapy by stage (I, II and III), hormone
receptor status (any positive vs. none positive) and broad age-group (65-74 and
75+) also applied to unlinked patients, and these ‘extra’ treatments were assigned
randomly within each stage-by-age group.
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Data from both the Netherlands Cancer Registry and the National Cancer Reg-
istry of Ireland are fully anonymized prior to being made available to researchers,
so data cannot be traced back to the individual patient. Therefore, no informed
consent was required from the included patients and there was no need for ap-
proval of an ethical committee.

Mortality follow-up was available to December 31* 2011 by linkage of cancer
registry with national mortality data.

Statistical analyses

Analyses were performed in IBM SPSS Statistics 20 and Stata SE 12. Treatment
strategies were analyzed grouped by tumor stage (I to III). Differences in treatment
between countries were tested by a Poisson regression model, adjusted for age
(continuous), histological subtype, tumor grade, ER and PR status.

Relative survival was calculated by the Ederer II method" as the ratio of the
survival observed among the cancer patients to the expected survival based on the
corresponding general population (by age, sex, and year of diagnosis), using the
‘strs’ command in Stata. National life tables for each country were used to estimate
expected survival. Results were presented as percentage relative survival after five
years, and Relative Excess Risks (RER) derived from relative survival modeling,
with The Netherlands as reference category.'’

RESULTS

Overall, 41,055 patients from The Netherlands and 5,826 patients from Ireland were
included. Patient and tumor characteristics are shown in Table 1. Median age for
patients in The Netherlands was 74 years (range 65-102), and in Ireland 74.2 (range
65-99). Fewer early stage tumors, and more with advanced stage were observed in
Ireland (P<0.001). Recorded grade distribution differed significantly, with a higher
proportion of higher grades in Ireland than in The Netherlands (P<0.001).
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Table 1 — Patient and tumor characteristics.

Country
The Netherlands Ireland
(N=41055) (N=5826) P
N % N %
Age (years) 65-74 22,036 53.7 3,126 53.7 0.989
75 or older 19,019 46.3 2,700 46.3
Year of diagnosis 2001 4,432 10.8 584 10.0 0.333
2002 4,256 10.4 582 10.0
2003 4,339 10.6 601 10.3
2004 4,439 10.8 624 10.7
2005 4,425 10.8 614 10.5
2006 4,519 11.0 664 114
2007 4,870 11.9 695 119
2008 4,914 12.0 718 12.3
2009 4,861 11.8 744 12.8
Stage I 17,790 433 1,658 28.5 <0.001
1T 18,023 439 3,140 53.9
I 5,242 12.8 1,028 17.6
Grade 1 8,137 19.8 542 9.3 <0.001
2 16,314 39.7 2,803 48.1
3 9,018 22.0 1,720 29.5
missing 7,586 18.5 761 13.1
Morphology ductal 28,463 69.3 3,861 66.3 <0.001
lobular 5,488 13.4 789 13.5
mixed/other 7,104 17.3 1,176 20.2
ER negative 3,209 7.8 930 16.0 <0.001*
positive 19,785 482 4,074 69.9
missing 18,061 44.0 822 14.1
PR negative 7,350 17.9 1,545 26.5 <0.001*
positive 14,740 35.9 2,694 46.2
missing 18,965 46.2 1,587 27.2

*missings excluded

Hormone receptor status showed smaller differences, with slightly smaller propor-
tions of estrogen and progesterone receptor positive tumors among Irish patients
(81% and 64%, respectively, excluding missing or unknown values) compared with
those from the Netherlands (86% and 67%) (P <0.001). The proportion of missing
values was much lower in Ireland, mainly because Dutch data were not complete
for the years 2001-2005 rather than to differences in proportions of patients tested.
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Locoregional treatment

Figure 1A shows the proportions of patients receiving guideline-adherent locore-
gional treatment by country, grouped by stage. In The Netherlands guideline-
adherent treatment was performed in 80%, with little variation between stages,
whereas these proportions in Ireland ranged from 57% (stage III) to 74% (stage II).
Among patients who did not receive guideline-adherent locoregional treatment,
65% (The Netherlands) and 68% (Ireland), had no locoregional treatment at all, 6%
(The Netherlands) and 13% (Ireland) had only BCS (without RT or axillary sur-
gery), and 29% (The Netherlands) and 20% (Ireland) had adequate local treatment,
but no axillary surgery. Adjusted RRs for having guideline-adherent locoregional
therapy in Ireland relative to The Netherlands were 0.79 (95% CI 0.76-0.81), 0.87
(0.85-0.89) and 0.72 (0.68-0.75) respectively for stage I, II and III (P<0.001 for all
stages).
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Figure 1a. Locoregional guideline-adherence by stage

Looking more specifically at locoregional treatment (Table 2), overall, more pa-
tients in Ireland had no breast surgery at all (19% vs. 12% in The Netherlands), also
stratified by stage (P<0.001 in all stages).

In The Netherlands, 82% underwent any axillary surgical procedure, as compared
to 74% in Ireland. Also, in all three stage groups, fewer patients in The Netherlands
than in Ireland did not undergo axillary surgery (P<0.001).

Regarding radiotherapy (RT), among all patients, more patients received RT
in Ireland than in The Netherlands, overall and after mastectomy (P’<0.001). For
mastectomy patients, the difference was only seen in stage I (18% of patients had
post-mastectomy RT in Ireland vs. 3% in The Netherlands) and stage II (42% vs.
14%) (P<0.001). In stage III patients, the difference in the receipt of RT attenuated
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and no difference was observed in post-mastectomy RT. However, in all stages
significantly fewer patients in Ireland received RT after BCS (79% vs. 94% in The
Netherlands, overall, P<0.001). (Table 2).

Table 2. Treatment by stage

Country
The Netherlands Ireland
N % N % P
All stages
Definitive surgery
None 4,971 12.1 1,121 19.2 <0.001
BCS 16,079 39.2 2,185 37.5
Mastectomy 20,008 48.7 2,520 43.3
Any axillary surgery 33,637 81.9 4323 742 <0.001
Radiotherapy
All 19,407 47.3 2,940 50.5 <0.001
After BCS 15,050 93.6 1,728 79.1 <0.001
After Mastectomy 4,102 20.5 1,092 43.3 <0.001
Chemotherapy 2,638 6.4 138 23.8 <0.001
Endocrine therapy for ER+
not imputed 11,570 58.5 2,834 88.6 <0.001
imputed (IRL) 11,570 58.5 3,609 924 <0.001
Stage [
Definitive surgery
None 1,341 7.5 258 15.6 <0.001
BCS 10,244 57.6 928 56.0
Mastectomy 6,205 34.9 472 28.5
Any axillary surgery 15,090 84.8 1,212 73.1 <0.001
Radiotherapy
All 9,928 55.8 832 50.2 <0.001
After BCS 9,693 94.6 733 79.0 <0.001
After Mastectomy 209 3.4 86 18.2 <0.001
Chemotherapy 321 1.8 176 10.6 <0.001
Endocrine therapy for ER+
not imputed 2,507 274 834 87.7 <0.001
imputed (IRL) 2,507 274 1,066 914 <0.001
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Table 2. Treatment by stage (continued)

Country
The Netherlands Ireland
N % N % P
Stage II
Definitive surgery
None 2,438 13.5 489 15.6 <0.001
BCS 5,226 29.0 1,135 36.1
Mastectomy 10,359 57.5 1,516 48.3
Any axillary surgery 14,665 81.4 2,486 79.2 0.004
Radiotherapy
All 6,287 34.9 1,572 50.1 <0.001
After BCS 4,803 91.9 905 79.7 <0.001
After Mastectomy 1,443 13.9 632 41.7 <0.001
Chemotherapy 1,233 6.8 868 27.6 <0.001
Endocrine therapy for ER+
not imputed 6,890 83.6 1,573 89.6 <0.001
imputed (IRL) 6,890 83.6 2,000 93.8 <0.001
Stage 111
Definitive surgery
None 1,192 22.7 374 36.4 <0.001
BCS 606 11.6 122 11.9
Mastectomy 3,444 65.7 532 51.8
Any axillary surgery 3,882 74.1 626 60.9 <0.001
Radiotherapy
All 3,192 60.9 536 52.1 <0.001
After BCS 554 91.4 90 73.8 <0.001
After Mastectomy 2,450 71.1 374 70.3 0.682
Chemotherapy 1,084 20.7 343 334 <0.001
Endocrine therapy for ER+
not imputed 2,173 91.1 427 86.7 0.002
imputed (IRL) 2,173 91.1 543 89.3 0.188
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Endocrine therapy

The overall proportion of estrogen receptor positive patients receiving endocrine
therapy differed between the countries - 59% in The Netherlands vs. 92% in Ireland
(P<0.001) for all stages combined. Patients with stage I disease were more than three
times as likely to get endocrine therapy in Ireland (91% vs. 27%; P<0.001). The dif-
ference was smaller in stage II patients, 94% in Ireland vs. 84% in The Netherlands
(P<0.001), and 89% vs. 91% respectively in stage III patients (P=0.188) (Figure 1B;
Table 2). Adjusted RRs for having endocrine therapy in Ireland were 2.91 (95% CI
2.77-3.05), 1.11 (1.09-1.12) and 0.99 (0.96-1.02) respectively for stage I, Il and III ER-
positive patients. Among patients who did not receive any locoregional treatment
at all, the proportions of endocrine monotherapy were 85% in The Netherlands and
86% in Ireland.
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Figure 1b. Endocrine therapy for estrogen receptor positive patients by stage

Chemotherapy

Overall, 6% of patients The Netherlands and 24% of patients in Ireland received
chemotherapy, and there was a higher proportion of Irish patients that received
chemotherapy in all three stages (P<0.001) (Figure 1C; Table 2). Adjusted RRs for
having chemotherapy in Ireland were 4.55 (95% CI 3.81-5.43), 3.35 (3.11-3.62) and
1.44 (1.31-1.58), respectively for patients with stage I, II and III.

Relative survival

Median follow-up time was 4.5 years for The Netherlands and 4.3 years for Ireland.
During the total follow-up period, 14,771 (36.0%) patients died in The Netherlands,
compared to 2,191 patients (37.6%) in Ireland.
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Figure 1c. Chemotherapy by stage

Five-year relative survival was 88.8% in The Netherlands and 82.9% in Ireland, for

all stages combined (Figure 2). This survival difference was statistically significant,

also after adjustment for age, grade, stage, ER, PR and morphology (relative ex-
cess risk [RER] for Ireland, with The Netherlands as reference category: 1.22; 95%
confidence interval (CI) 1.10-1.36). Grouped by stage, no survival difference was
demonstrated in stage I patients (adjusted RER 1.00, 95% CI 0.59-1.70), but worse
survival was confirmed for Irish patients in stage II (adjusted RER 1.20, 95% CI
1.02-1.42) and stage III (1.20, 95% CI 1.04-1.39).
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Figure 2. Relative survival by stage
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DISCUSSION

The current study, comparing treatment and relative survival of older breast
cancer patients between two Western European countries with similar treatment
guidelines, showed large differences in treatment approach for older breast cancer
patients. A higher proportion of patients in The Netherlands received guideline-
adherent locoregional treatment than in Ireland in all stages, but in Ireland the
receipt of systemic treatments was higher in all stages of disease. Relative survival
of patients in Ireland was significantly poorer than in The Netherlands, but ad-
justed models suggested the difference most marked for stage II and III patients.

The observed discrepancies in breast cancer treatment are consistent with find-
ings of earlier international comparisons of older and other breast cancer patients
across Europe and the US.”"" However, although international survival and
treatment variations among breast cancer patients have recently been assessed on
a global scale”, no clear evidence was published on the potential role of different
treatment strategies in influencing survival discrepancies among early-stage cases.
However, it is interesting to speculate on reasons for the differences in patterns of
care for the specific treatment modalities. Some differences could be explained by
discrepancies in guideline recommendations between the two countries. There are
differences (Appendix S1) especially for postmastectomy radiotherapy and chemo-
therapy and for both of these, indications are broader in the Irish guidelines. These
differences are reflected in our results, where we observed more patients from
Ireland receiving these treatments, as compared to the patients from Netherlands,
also stratified by stage of disease. Secondly, physicians from the Netherlands may
also be more likely to deviate from the guidelines when treating older breast cancer
patients. Unfortunately, in our study it was also not possible to draw any reliable
conclusion about the impact of differences in any of the specific treatment modali-
ties, because of a potential bias due to confounding by indication when comparing
the outcomes of patients with different treatments directly.

In a large population-based study in The Netherlands, guideline adherence
of breast cancer treatment among younger and older breast cancer patients was
compared between different regions, and although differences in adherence were
observed, there were no significant survival differences between regions.” In the
current study we found less guideline-adherence on locoregional treatment in Ire-
land, and this was accompanied by a worse survival in Ireland. On the other hand,
patients in Ireland received more systemic therapies (both endocrine therapy and
chemotherapy), so no conclusion can be drawn based on the locoregional treat-
ment only, because of a probably counterbalanced effect by adjuvant treatments.
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To obtain the highest level of evidence on treatment benefits, the effect of each
treatment modality should be investigated based on randomized assignment of
treatment. However, randomized clinical trials (RCTs) tend to be slow, expen-
sive, and insensitive to the heterogeneous contexts of the general population.”
The disadvantages of RCTs are probably even stronger in the older population,
because of their limited mobility and large heterogeneity. Observational studies,
using population-based registry data, are considered to be a better reflection of the
“real world”. >* However, although large study populations can be derived from
registries, the observational design means that confounding by indication must be
considered when studying treatment effects.

A limitation of our study was that the selected populations differed in some
respects. Advanced stage and higher grade cases were more frequently observed
in Ireland. Although the analyses included patients aged 65 and older, this finding

might be explained partly by differences in screening™**

and possibly methods of
grading between countries. To overcome the difference in stage distribution, we
grouped all analyses by stage. Slight under-ascertainment of radiotherapy treat-
ments is known to have occurred among Irish patients who had breast surgery
in private hospitals. However, only about 17% of surgical patients in the age 65+
group falls into this category, and we estimate that the percentages of Irish patients
reported as having radiotherapy in Ireland may about 2% too low, not enough to
affect our conclusions.

To achieve best practice for older breast cancer patients, possibly, attention
should be shifted to other outcomes rather than survival to improve quality of
care for older breast cancer patients. However, we could draw no conclusions on
aspects such as quality of life, risk of recurrence or complications, as we did not
have data on these aspects. In addition, because of full anonymization of the data-
sets used for our analysis, characteristics of hospitals, such as the type (academic/
teaching hospital, private/public clinic), but also the presence of radiotherapy
facilities were not available. Therefore, we were unfortunately not able to see if
guideline-adherence was associated with hospital characteristics.

The retrospective design of the current study, despite the positive arguments
mentioned previously, remains a limitation. However, because of the availability
of comprehensive cancer registry data, it was possible to create a large database of
population-based, generalizable data.

In the future, study designs in which countries are compared on treatment
strategy and breast cancer outcome are likely to be applied more frequently. By
including many countries in analyses, specific populations that differ on only
one treatment modality could be identified. Consequently, more evidence can

Treatment strategies and survival of older breast cancer patients - an international comparison

43



be obtained from observational studies, by comparing patient outcomes between
countries using an instrumental variable study design.”

The European Registration of Cancer Care, or in short European Cancer Audit
(EURECCA)” aims to create a population-based audit structure that covers all
breast cancer patients across Europe: anonymous patient and tumor data, includ-
ing treatment and outcome information will be registered in a uniform way across
countries. The aim is to develop an extensive data source with the ultimate goal
to define high-quality care and monitor the quality of care of all European cancer
patients and so improving outcome of cancer care. EURECCA aims to investigate
best practices and learn from them, as well as perform analysis on patient groups
that deviate from guidelines such as the young and elderly. The availability of
comprehensive cancer registry data, (like that used in the current study) facilitates
the identification of large cohorts of population-based, generalizable data.

In conclusion, in this population-based study comparing patterns of care and
survival of older breast cancer patients on a national scale in The Netherlands and
Ireland, we found large differences in treatment approach, with more guideline-
adherence on locoregional treatment in The Netherlands, and more prescription
of systemic therapy in Ireland. Patients in Ireland had a worse relative survival as
compared with the Dutch patients, although it was not possible to link this survival
difference directly to differences in one or more of the specific treatment modali-
ties. However, our finding should be a strong recommendation to perform more
research on an international scale, with the ultimate goal to equalize the survival

rates for breast cancer patients across Europe.
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ABSTRACT

Objective. The aim of this study is to assess age-specific compliance to quality in-
dicators (QIs) regarding the treatment of breast cancer as defined by the European
Society of Breast Cancer Specialists (EUSOMA) for patients across Europe.

Methods. All patients entered into this study were affected by in situ or invasive
breast cancer, diagnosed and treated between 2003 and 2012 at 27 Breast Units
across Europe, who were entered into the EUSOMA database. Patients were catego-
rized according to age; compliance to thirteen QIs was assessed for each age group
and per time period (2003-2007 and 2008-2012). Compliance to Qls was tested by
multivariable logistic regression models adjusted for breast unit, incidence year,

and tumour characteristics.

Results. Overall, 41,871 patients with a mean age of 59.6 years were available for
analysis. The highest compliance was reached for patients aged 55-64 years and in
the time period 2008-2012, while the lowest compliance was observed for women
aged over 74 or under 40 years and in the earlier time period. In multivariable
logistic regression models, a significant difference between age categories was
shown for 12 out of 13 QIs (P<0.001). Compliance to the QIs for patients aged >75
years was significantly lower when compared to patients aged 55-64 years for ten
QIs, while for patients in the youngest age group this was true for seven QIs.

Conclusion. In conclusion, we found that among the 27 included breast units
across Europe, compliance to Qls for breast cancer treatment is often lower in the
youngest and oldest breast cancer patients, with a tendency to overtreatment in the

youngest patients, and to under-treatment in the elderly.

50 | Chapter 4



INTRODUCTION

Numerous national and international guidelines and recommendations are avail-
able to physicians treating breast cancer patients. However, a significant variation
in patterns for breast cancer care has been reported throughout Europe."” This
variation in treatment is accompanied by variation in breast cancer survival rates.’

The European Society of Breast Cancer Specialists (EUSOMA) aims to improve
and standardize the level of patients care throughout Europe. To accomplish this,
the measurement of quality indicators in breast cancer care is essential, in order
to monitor the effectiveness and to guide improving the healthcare.* To identify
the appropriate indicators for quality assurance in breast cancer care, EUSOMA
organized a workshop in 2008 where 24 experts from different disciplines defined
a set of quality indicators (QIs) on the whole process of breast cancer management
based on the international literature, which was published in 2010. For each QI, the
experts defined minimum and target standards.* Breast centres certified in compli-
ance with the standards of the EUSOMA guidelines are required to hold a Breast
Unit (BU) database for the purpose of auditing as well as for research purposes.’

The QlIs are defined without any age-specific comments, and also, the minimum
standards are not age-specific. However, probably it is desired to take into account
age-specific issues in treatment recommendations for breast cancer treatment.

For instance, it is questionable if deviation from standard treatment has the same
impact on patient outcomes across all age groups. Population-based data from Eu-
rope and North America have shown that among older women, large differences
in locoregional treatment between countries have not led to survival differences ."*’
This leads to the question if ‘non-inferior’ locoregional treatment strategies result
in worsened outcomes among elderly. On the other hand, with regards to systemic
therapy, a few randomized trials have shown that chemotherapy regimens which
are considered inferior (but more patient-friendly, such as oral capecitabine), re-
sult in an inferior prognosis for both younger and older patientsw'“, implying no
age-specific impact on outcome.

However, when interpreting trial results, it has to be taken into account that
in contrast to the growing population of elderly with cancer, older patients are
underrepresented in current clinical oncological studies.”” Moreover, it has been
shown that the older subjects who are included in a clinical trial, are not always
representative for the general older population.” Therefore, the external validity of
clinical trial results should be questioned when it concerns older patients.

With regards to younger breast cancer patients, it is opted that these patients
probably deserve a different approach and management than older women, taking
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into account their longer general life expectancy, but also, their other, more aggres-
sive tumour biology."*

In summary, it is understandable to observe differences in treatment approach
across age groups, accompanied by varying compliance to Qls by age. To test
this hypothesis, the aim of this study is to assess age-specific compliance to the
EUSOMA QIs regarding treatment for patients across Europe.

METHODS

The EUSOMA database (db) is a central data warehouse of prospectively collected
information which includes individual records on primary breast cancer cases
diagnosed and treated at European breast units (BUs) providing patients data in a
standardized format. The database was started in 2006 and collects 108 variables
for each patient record, including patient and tumour characteristics, information
about preoperative work-up, multidisciplinary management, and follow-up data.
Different BUs started entering patients in the db on different points in time, but
it has been formally checked that the patients that were included in the database
are consecutive patients. Records are anonymous but BUs can identify their own
patients by the use of an ID code. The data transfer from each Unit database to
the EUSOMA db occurs yearly through an online application and represents a
requirement to obtain and to continue holding certification. BUs can access the
EUSOMA db to check data quality, calculate Qls, perform data analysis and bench-
marking and agree to use it for certification purposes and for co-operative clinical
research.’® For research purposes, the data are fully anonymized, as well on case
record level, as on BU level. To assure the data quality, there have been several
consistency checks built into the database, as is a report on missing values. In order
to maintain EUSOMA certification, BUs are required to minimize inconsistencies
an incompleteness and may send several data transfers in order to achieve this.

Patients

All patients with a diagnosis of in situ or invasive breast cancer diagnosed between
2003 and 2012 from 27 certified BUs from Austria, Belgium, Germany, Italy, and
Switzerland who provided their data to the EUSOMA db before August 2013 were
included into this analysis. Patients with missing data on age or with non-epithelial
tumours or other neoplasms were excluded. Age was categorized as <40 years,
40-54 years, 55-64 years, 65-74 years, and 275 years.
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Outcome measures

Primary outcome measure was the compliance to EUSOMA QIs by age." We
selected the thirteen QIs considering treatment (rather than diagnosis, staging,
follow-up or counselling). QIs were divided into five groups: appropriate surgical
approach, post-operative radiotherapy (RT), avoidance of overtreatment, appro-
priate hormonal therapy, appropriate chemotherapy, and other medical therapy.
Data on trastuzumab were incomplete; therefore, Qls regarding this treatment
modality were disregarded from the present investigation.

Statistical analyses

All analyses were performed using IBM SPSS Statistics 20 or R (v.3.0.0). All tests
of significance were two-sided and P-values smaller than 0.05 were considered
statistically significant.

For each QI, the appropriate selection of patients was used (based on tumour
stage or type of treatment). Patients with missing data on the treatment of inter-
est for a specific QI, were excluded from the analyses (per QI). The EUSOMA db
datacentre considers outcomes of QlIs with more than 25% missing values as highly
unstable and therefore, QI compliance is not calculated when the proportion of
missing values exceeds 25%.

Proportions of compliance to each QI were stratified by age group and time
period (2003-2007 and 2008-2012).

Primary outcome measure was the proportion of compliance to each QI. Multi-
variable logistic regression analyses were performed to calculate adjusted odd’s
ratios (ORs) and 95% confidence intervals (Cls) by age group, with the middle age
group (55-64 years) as reference category. The results were adjusted for BU, incident
year, and, when appropriate, tumour characteristics (stage, grade, morphology,
and hormone receptor expression). In case of missing data in one of the adjustment
variables, these patients were not excluded from the multivariable models, but the
missing data were taken into account as a separate value of the variable.

With the purpose of presenting the results into a more intuitive way, adjusted
ORs were converted to risks using the formula: adjusted OR/ 1 - adjusted OR."

RESULTS

In total, 41,871 patients from the EUSOMA db were included into this study. The
mean age was 59.6 years (Standard Deviation (SD) 13.0). The majority of patients
were categorized into the middle three age groups, 5% were <40 years, and 13% were

275 years. There was an increasing trend in the number of patients per year, from
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2.6% in the year of initiation of the database (2003), to 18.8% in 2011. Most patients
had stage I or II breast cancer (39.5% and 31.4%, respectively). Most cancers were
hormone receptor positive (81.5%) and invasive ductal carcinoma (72.2%) (Table 1).

Table 1. Patient and tumour characteristics.

Age categories

<40 40-54 55-64 65-74 75+ All ages
N=2,260 N=13,701 N=10,706 N=10,323 N=5,475 N=41,871
N % N % N % N % N % N %

Incidence year
2003 69 3.1 380 29 335 3.1 205 2.0 97 1.8 1,086 2.6
2004 127 56 565 4.3 519 48 370 3.6 190 3.5 1,771 4.2
2005 157 69 779 5.9 713 6.7 531 5.1 281 5.1 2,461 59
2006 179 79 904 6.9 820 77 727 70 329 6.0 299 71
2007 210 9.3 1113 85 902 84 916 89 372 68 3513 84
2008 238 105 1,471 112 1,227 115 1,266 123 570 104 4,772 11.4
2009 334 148 2,027 155 1,674 156 1,801 174 831 152 6,667 15.9
2010 360 159 2,221 169 1,827 171 1,870 181 1,023 187 7,301 17.4
2011 386 171 2,552 195 1,868 174 1,849 179 1,212 221 7,867 18.8
2012 200 8.8 1,095 8.4 821 7.7 788 7.6 570 104 3,474 8.3
Stage
insitu 205 91 1,767 135 1,366 128 1,083 105 358 65 4779 114
I 802 355 5064 386 4584 428 4428 429 1,677 306 16555 39.5
I 780 345 4,077 311 3,110 29.0 3,127 303 2,055 375 13,149 314
I 289 128 1,371 105 1,033 9.6 1,057 102 758 13.8 4,508 10.8
IV 40 1.8 216 1.6 184 1.7 202 2.0 132 24 774 1.8
missing 144 6.4 612 4.7 429 4.0 426 4.1 495 9.0 2,106 5.0
Grade
1 139 62 2,058 157 1,727 161 1,646 159 757 13.8 6,327 151
2 901 399 6433 491 5619 525 5766 559 3,138 573 21,857 522
3 1054 46.6 3902 298 2897 271 2538 246 1447 264 11,838 283
missing 166 73 714 54 463 43 373 3.6 133 24 1,849 44
Hormone receptor (ER and/or PR)
negative 680 30.1 2,108 161 1617 151 1,372 133 721 132 6,498 15.5
positive 1,483 65.6 1,0523 80.3 8774 820 8708 844 4,633 846 34121 815
missing 97 43 476 3.6 315 29 243 2.4 121 2.2 1,252 3.0
Morphology
Ductal 1,851 819 9,422 719 7611 711 7294 707 4,043 738 30221 722
Lobular 99 44 1,495 114 1,350 126 1,545 150 742 13.6 5,231 12.5
Combined/other 91 40 492 3.8 403 3.8 410 4.0 329 6.0 1,725 4.1
missing 219 9.7 1,698 13.0 1,342 125 1,074 104 361 6.6 4,694 11.2

Percentages indicate the proportion of patients within an age-group. ER=estrogen receptor.
PR=progesterone receptor.
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The thirteen scrutinized QIs with definitions are listed in Table 2, which also dis-

plays the minimum standards as defined by EUSOMA* and the absolute numbers
of QI compliance by time period, including the number and proportion of missing
values. The proportions of QI compliance by age and time-period are shown in
Webtable 1. The highest compliance to QIs was reached in patients aged 55-64
years, where the minimum standard was reached for ten QIs during 2008-2012
and for six during 2003-2007. In patients aged >75 years, the minimum standard
was reached in the two time periods for three and seven QIs respectively, while in
women <40 for four and six QlIs.

In multivariable logistic regression models (Webtable 2), a significant difference
between age categories was shown for 12 of 13 QIs (P<0.001). No difference between
age groups was shown for QI 13e (p=0.07). The adjusted proportions of guideline
adherence per age group are shown in Figure 1. Compliance to Qls for patients
aged >75 years differed significantly from patients in the middle age group (55-64
years) for almost all Qls, except QI 11b. For two indicators, 9a and 9b, the compli-
ance was higher among the oldest patients. However, for the remaining ten QlIs,
compliance of patients aged >75 years was significantly lower, when compared to
patients aged 55-64 years.

Table 2. Definition of QIs and compliance by time period.

Definition Minimum Time period Compliance Missing
standard 9 o,
N % N %

Surgery and locoregional treatment

9a. % of patients with invasive cancer 2003-2007 10254 75.0% 19 0.2%

who received a single operation 80% 2008-2012 25432 82.0% 45 0.2%

-Fé (excluding reconstruction) Total 35686 80.0% 64 0.2%

E 2003-2007 1218 53.9% 3 0.2%

. % of pati ith DCIS wh

5 9b-%of patients with DCIS who 70% 20082012 3300 648% 1 0.0%

S received only one operation

B Total 4518  61.8% 4 0.1%

§ 2003-2007 9590  44.9% 173 1.8%

= 9 i i

g qLorpatentswithNowhohad g, 20082012 23376 811% 171 0.7%

g .

3 Total 32966 70.5% 344 1.0%

5

&

% 9d.%if patients with ALND 2003-2007 5896 847% 261 42%
performed, with at least 10 LNs 95% 2008-2012 8476  90.3% 333 3.8%
examined Total 14372 88.0% 594  4.0%

= 2003-2007 4982 95.8% 1418 22.2%
10a. % of patients with RT after B

& 10a.% of patients with RT after BCS g, 20082012 15714 94.2% 1227 7.2%

> for MO invasive cancer.

= Total 20696  94.6% 2645  11.3%

-

§~ 2003-2007 589 91.9% 190 24.4%

S o . .
‘g 10b. % of'patlents with pN2a or more 90% 20082012 1205 852% 128 9.5%
£ who received postmastectomy RT
Total 1814  87.4% 318 14.9%
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Table 2. Definition of QIs and compliance by time period. (continued)

Definition Minimum Time period Compliance Missing

standard N % N %,

11a. % of patients with invasive 2003-2007 7398 75.0% 158 21%

cancer not greater than 3 cm who 70% 2008-2012 16967  82.3% 658 3.7%
z  underwent BCT Total 24365 80.1% 816  32%
v
-§ 11b. % of patients with non-invasive 2003-2007 801 77.8% 36 4.3%
g cancer not greater than 2 cm who 70% 2008-2012 1882  87.0% 149 7.3%
-t
§  underwentBCS Total 2683  843% 185  65%
s 2003-2007 1130 86.4% 18 1.6%
Y 1lc. % of patients with DCIS who d
2 ¢ % of patients with DCIS whodo 5, 20082012 3236 96.0% 8 0.2%
& notundergo ALND
a Total 4366  93.5% 26 0.6%
>
< 11d. % of invasive breast cancer 2003-2007 5818  48.7% 2 0.0%
patients with pNO who do not 80% 2008-2012 15824  86.4% 4 0.0%
undergo ALND Total 21642 763% 6 0.0%

Systemic treatment

2003-2007 5403  96.5% 3116 36.6%
2008-2012 18994  93.8% 3385 15.1%

12a. % of patients with HR+ invasive

. 80%
cancer who received hormonotherapy ’

Appropriate
hormonotherapy

Total 24397  94.4% 6501  21.0%
13a. % of patients with HR- (T>1 or 20032007 1266 9L7% 324  20.4%
N+) invasive cancer who received 80% 2008-2012 2806  90.6% 178 6.0%
adjuvant chemotherapy Total 4072 90.9% 502 11.0%

2003-2007 27 11.1% 15 35.7%

13e. % of patients with inflammatory 2008-2012 111 78.4% 21 15.9%
cancer or locally advanced 90%
o

irresectable cancer who had
neoadjuvant chemotherapy

Appropriate chemotherapy
and other medical therapy

Total 138 65.2% 36 20.7%

Numbers shown in bold type indicate that the minimum standard is reached. Patients with miss-
ing values were excluded for calculating the proportion of compliance per QI. The proportion of
missing values indicate the missing values of the treatment of interest in the selection that was
made for the specific QI

DCIS=ductal carcinoma in situ. cNO=clinically node negative. SNB=sentinel node biopsy.
ALND=axillary lymph node dissection. LN=lymph node. RT=radiotherapy. BCS=breast conserv-
ing surgery. MO=non-metastatic. HR=hormone receptor

Furthermore, for eight Qls, compliance for the patients in the youngest age
group differed significantly compared to those aged 55-64 years (Webtable 2). The

compliance was lower, with the exception of QI 13a.
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DISCUSSION

This observational study conducted on the largest European breast cancer data-
base demonstrates a low compliance to quality indicators among the youngest (<40
years) and the oldest (=75 years) patients. Below we will discuss compliance to the
specific Qls per treatment category.

The category “Appropriate surgical approach” includes four QlIs. Firstly, we
observed that the proportion of patients receiving only one operation for invasive
cancer (9a) increases with age. A possible explanation is that there is a more reluc-
tant approach to older patients with positive margins, whereas in younger breast
cancer patients, positive margins are considered unacceptable, with regards to a
higher risk on local recurrence.” The same applies for QI 9b: the proportion of
patients with ductal carcinoma in situ (DCIS) receiving only one operation; only
patients aged >75 years met the minimum standard. For QI 9¢c; the proportion
of clinically node negative patients receiving sentinel node biopsy was lower in
the youngest and the oldest age group. Again, this is probably reflecting a more
aggressive treatment approach in the youngest patients (axillary lymph node
dissection), and a more reluctant approach to elderly. The time-period analyses
showed almost twice as much compliance in the period 2008-2012 as compared to
2003-2007, reflecting the increasing use of sentinel node procedures." For QI 9d;
the proportion of patients with axillary clearance with at least ten lymph nodes
examined, the compliance declined with increasing age. This is in keeping with
previous studies.'**

QIs for “Post-operative radiotherapy” are separated for radiotherapy after breast
conserving surgery (BCS) for non-metastatic invasive cancer (10a), and after mas-
tectomy for pN2a or more (10b). The minimum standard for QI 10a was reached,
except in the oldest group (275 years). Our observation is a confirmation of many
population-based studies showing a decrease in the receipt of RT after BCS in older
breast cancer patients, but still a proportion of 82% in the EUSOMA db is higher
than previous observations."”"** The compliance to QI10b was lower in patients
aged >75 years, which again reflects a more reluctant treatment approach towards
older patients.” Interestingly, the compliance to QI 10b was higher in the time
period 2003-2007. The decrease over time might be explained by the increasing
use of aromatase inhibitors, which are considered more tolerable than other (che-
motherapeutic) systemic therapies, and moreover probably more effective than
tamoxifen for advanced hormone receptor positive breast cancer.*

The category “Avoidance of overtreatment” comprises four Qls. QI 11a and 11b
consider the proportion of patients with small invasive and non-invasive breast
cancers receiving BCS, respectively. We have found that compliance decreases with
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increasing age, in line with previous studies which showed an increase in mastec-
tomies with increasing age.”* In contrast, for non-invasive cancer the compliance
was lowest for the youngest age group, indicating more extensive surgery. For Qls
11c and 11d, considering the avoidance of axillary lymph node dissection (ALND)
for patients with non-invasive lesions or for pathologically confirmed NO disease
(pNO), the minimum standards were not reached in any of the age categories be-
fore 2008, which can be explained by the limited use of sentinel node procedures at
that time.” From 2008 onwards, this QI compliance increased dramatically, and the
minimum standard for both QIs was reached in all age groups, except for patients
aged <40 years. This indicates a possible overtreatment of the young patients,
because there is no hard evidence and no guidelines that justify the use of ALND
in non-invasive cancers.*

The relatively greater overtreatment in the youngest patients group is probably
due to the attempt to assure the lowest risk of recurrence, although this practice
should be challenged by considering the balance between benefits and harms.

The category “Appropriate hormonal therapy” comprises one QI (12a), which
describes the proportion of patients with hormone receptor (HR) positive invasive
breast cancer who received endocrine therapy. This is the only QI for which the
minimum standard was achieved in all age categories, indicating good consensus
on the provision of hormonal therapy for hormone receptor positive breast cancer.

The last category is “Appropriate chemotherapy and other medical therapy”.
The standard for QI 13e (chemotherapy for HR-, T>1 or N+) was reached for all
patients, except for the oldest patients, where the compliance dropped to 53%.
Reluctance to administer chemotherapy in the elderly has been described in previ-
ous studies. Reluctance is probably related to the expectation of as well physicians
and patients that older patients have a lower treatment tolerability, but also to
patient preferences.4’21'27

For QI 13e (the proportion of patients with inflammatory cancer or locally ad-
vanced irresectable cancer who had neoadjuvant chemotherapy) we showed the
same trend in reluctance with chemotherapy with increasing age; although the
minimum standard was not reached in any age category, the compliance was by
far the lowest in patients aged >75 years (44%).

Summarizing our results, we found that treatment of breast cancer patients
<40 years and >75 years was most often not compliant to the quality indicators as
defined by EUSOMA. In the youngest age group, this non-compliance can most
probably be explained by over-treatment rather than under-treatment. In 2012,
EUSOMA published recommendations for the treatment of young women (<40
years) with breast cancer." In 2007, the first recommendations for treatment of
older patients with breast cancer were published by SIOG (International Society of
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Geriatric Oncology), which were updated in 2012 in collaboration with EUSOMA
(a summary of treatment recommendations is provided in Webtable 3).**

The largest difference between these recommendations regards the use of sys-
temic therapy: EUSOMA advises to offer chemotherapy to all young patients with
stage I-1II breast cancers while EUSOMA/SIOG advises to restrict the provision of
chemotherapy to older patients for node-positive, ER negative disease.

With regards to the older patients, our findings raise the question whether a
minimalistic attitude results into poorer outcomes. In the last decade, several stud-
ies have documented the omission of certain treatments. A small number of clinical
trials omitting radiotherapy for selected groups of older, HR positive patients, have
been performed® none of them showing a deterred survival. However, the risk of
locoregional recurrence was higher, as was also shown in the EBCTCG overview.”'
In addition, Martelli et al. published a two-armed trial in which axillary dissec-
tion versus no axillary dissection in elderly patients without clinically suspicious
nodes.” After a median follow-up of 15 years, no significant difference in breast
cancer mortality was shown. More on, only a restricted number of randomized
studies takes into account the omission of local surgery for older breast cancer
patients. A meta-analysis of these trials showed that primary endocrine therapy
with tamoxifen associates with inferior local disease control but non-inferior can-
cer specific survival after surgery.” On the other hand, a few trials that studied
the effectiveness of more tolerable chemotherapy regimens have shown that these
regimens are, less effective in older patients, similar to the younger breast cancer
population.””" However, the question is if the older patients that were included
in these trials are comparable to the general older cancer patients in terms of, for
example, tumour characteristics and comorbidity. Therefore, the generalizability
of these trial results should be further explored.” From these studies, among oth-
ers, it is clear that the treatment of breast cancer for older women should not be
always the same as the treatment for their younger counterparts, at least not for all
treatment modalities. Therefore, in quality of care research regarding breast cancer
treatment, it is probably worth considering to define age-specific QlIs in the future,
or at least to re-define the minimum standards by age category.

One limitation of our study rests on the voluntary certification of contributing
breast centres, implying that enrolled patients are likely to be subjected to a selection
of top performing breast units.” A further limitation of the data is that hospitals did
not start recruiting patients’ information at the same point in time. Furthermore,
the QIs have been prepared in 2008 and published in 2010, whilst the patients in
the database are included from 2003 onwards.* The expected increasing trend in
QI compliance due to the increasing awareness of these quality measurements has
indeed been observed in our stratified analyses. Another limitation of our study
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is one that often arises in observational studies, namely the existence of missing
data. For the majority of treatment modalities, patients with missing values were
limited to a proportion of lower than 10%, with the exception of data on systemic
treatments, where the proportion was somewhat higher, but still not exceeding the
preliminary defined limit of 25%. For our analyses regarding QI compliance, we
excluded patients with missing data per QI. It is unknown if the missing data are
‘missing at random’, therefore, it was not justified to use imputation techniques to
fill in the missing data. Theoretically, in the case of ‘non-missing at random’ data,
it is possible that our results slightly over- or underestimate the real compliance.
However, we have no reason to believe that the missing data are related to the level
of QI compliance, and therefore, we believe that the low proportion of missing data
will not impact our results.

Further insight in patterns of care is mandatory to improve the quality of care and
outcomes of cancer patients across Europe. The inclusion of follow up information
in the EUSOMA db is on-going but not yet available, therefore we were not able
to analyse the impact of QI compliance on patient outcome in our current study.

The European Registration of Cancer Care, or in short European Cancer Audit
(EURECCA) aims at improving outcome of cancer care through registration and
auditing.”* The aim of EURECCA is to create a population-based audit structure
that covers all breast cancer patients across Europe: anonymous patient and
tumour data, including treatment and outcome information will be registered in
an uniform way across countries. The aim is to develop an extensive data source
with the ultimate goal to define high-quality care and monitor the quality of care
of all European cancer patients. EURECCA aims to investigate best practices and
learn from them, as well as perform analysis on patient groups that deviate from
guidelines such as the young and elderly.

In conclusion, we found that among twenty-seven BUs across Europe, compliance
to quality indicators for breast cancer treatment is often lower for the youngest and
oldest breast cancer patients, with a tendency to overtreatment in the youngest pa-
tients, and to under-treatment in the elderly. In the near future EURECCA, in close
collaboration with EUSOMA, will map patterns of care and the clinical outcome of
European breast cancer patients and will develop an international audit structure
to improve quality of care.
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ABSTRACT

Purpose. Older breast cancer patients often suffer from comorbid diseases, which
may influence life expectancy. The aim of this study was to assess the impact
of specific comorbidities on overall survival and distant recurrence free period
(DREP) of older breast cancer patients.

Methods. Patients were included from the population-based FOCUS cohort,
which contains 3,672 breast cancer patients aged 65 years or older. The impact of
comorbidity on overall survival and DRFP were analyzed using multivariable Cox
proportional hazard models and Poisson regression models.

Results. Median follow-up time was 6.8 years (range 0-14.0). Irrespective of age,
the number of comorbid diseases was significantly associated with worse overall
survival (hazard ratio (HR) per increasing number of comorbid diseases: 1.20, 95%
confidence interval (CI) 1.13-1.27 and HR 1.09, 95% CI 1.05-1.13 for age <75 and age
>75 respectively). Median follow-up time for DRFP was 5.7 years (range 0-14.0).
An increasing number of comorbid diseases was associated with a decreasing risk
of metastases among patients aged =75 (HR 0.94, 95% CI 0.87-1.02), whereas an
increasing risk was shown for patients aged <75 (HR 1.09, 95% CI 1.01-1.19).

Conclusions. This study shows that in older breast cancer patients overall survival
and DRFP are influenced by comorbidity. This reiterates that patient outcome is
not only influenced by breast cancer, and non-cancer related factors should be
taken into account.
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INTRODUCTION

Breast cancer among the elderly comprises 40% of all breast cancer cases in the
Western society." Due to age and other restrictions to inclusion of older patients
in clinical trials, there is a lack of evidence for the treatment of this specific and
growing patient category.”

One of the most important differences between older and younger patients is the
heterogeneity of the former in terms of general fitness. Furthermore, older patients
have a high competing risk of mortality, which is the risk of dying from another
cause than cancer before developing a cancer-specific event, such as a recurrence or
cancer-related death.’ This competing risk of death unsurprisingly increases with
age, but is also affected by the presence and severity of comorbid diseases.* With
increasing age, the proportion of breast cancer deaths among all-cause mortality
has been shown to decrease.”. In contrast, recently a higher cumulative incidence
of distant recurrences and breast cancer mortality has been reported among the
oldest patients (>75 years).”®

With the knowledge that competing risk of mortality increases with age and
comorbidity*, and the number of prevalent comorbid diseases increase with age
in general’, the competing risk of other cause-mortality should always be taken
into account when studying breast cancer specific endpoints among older patients.
When studying older patients included in clinical trials (with or without age re-
strictions), one should constantly be aware of the effect of selection, as only the
fittest and most motivated patients will be included in trials."”"" Therefore, to be
able to get a reliable impression of the ‘real world’ patient, observational cohorts
with detailed information on patient, disease, treatment and follow up, are pivotal
when studying the older cancer patient.

The aim of the present study is to assess the impact of the extent of comorbid-
ity and specific comorbid diseases on overall survival and distant recurrence free
period in two age strata of a large population-based cohort of older breast cancer
patients in The Netherlands.

METHODS

Patients

The FOCUS cohort study (Female breast cancer in the elderly; Optimizing Clinical
guidelines USing clinico-pathologocial & molecular data) is based on the National
Cancer Registry in The Netherlands, which contains data of all newly diagnosed
malignancies. The FOCUS database contains information on all consecutive female
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patients aged 65 years and older with invasive and in situ breast cancer who were
diagnosed between 1997 and 2004 in the South-West part of the Netherlands.
Trained personnel reviewed the charts of these patients, and collected information
on tumor characteristics, specific treatments, comorbidity, adverse events, geriatric
parameters, and recurrence.

All comorbidity, as present at the time of diagnosis, was recorded according to
the categories in the ICD-10 classification'?, on the basis of the case record forms
and extracted from the medical charts by an experienced research nurse.

Follow up on survival status was available until January 1st 2011 through link-
age of cancer registry data with municipal population registries. For this study,
all patients with breast cancer stage I-IV and in situ of all histological subtypes
were included. Stage was described using the tumor-node-metastasis (TNM)
classification, as valid in the year of diagnosis. If the data on T- or N- stage from
pathological reports were missing (pT or pN), data from clinical reports (cT or
cN) were used to complete the combined TNM stage. Hormone receptor status
was analyzed in a combined dichotomized variable for estrogen receptor status
and/or progesterone receptor status. If patients received breast-conserving surgery
followed by mastectomy, the most extensive surgery was used for analyses. Axil-
lary surgery was defined as a sentinel node procedure or an axillary lymph node
dissection, and dichotomized for analyses. Again, the most extensive surgery was
used for the analyses. To compare different age groups, patients were categorized
into two groups: 65-74 years and 75 years or older, as discussed at the meeting
of the International Society of Geriatric Oncology (SIOG) in 2009" and in line
with other publications.”” The number of comorbid diseases was categorized in
three groups: 0 or 1 concomitant diseases, 2-4 concomitant diseases, and 5 or more
concomitant diseases. Specific groups of comorbid disease were defined according
to the ICD-10 classification.”” Endocrine diseases, psychiatric diseases, neurologic
diseases, cardiovascular diseases, respiratory diseases, digestive diseases and mus-
culoskeletal diseases were considered as the clinically most important subgroups
defined in the ICD-10 and were analyzed separately. The remaining comorbidities
were defined as a category “other comorbidity”.

Statistical analyses

The primary study endpoints were overall survival and distant recurrence free
period (DRFP), defined as time from breast cancer diagnosis to death of any cause
and time to first distant recurrence respectively.

Overall survival and DRFP were calculated using univariable and multivariable
Cox Regression models. All multivariable analyses were adjusted for age (continu-
ous), tumor stage (in situ, I, II, III, IV or missing), tumor grade (1, 2, 3 or missing),
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hormone receptor status (negative, positive or missing), morphology (ductal, lobu-
lar or other/unknown), local surgical treatment (none, breast conserving surgery
or mastectomy), axillary surgery (dichotomous), radiation therapy (dichotomous),
endocrine therapy (dichotomous) and chemotherapy (dichotomous). Analyses of
specific comorbid disease categories according to the ICD-10 were additionally ad-
justed for the number of additional comorbidities. In case of missing data, patients
were not excluded from the analyses, but analyzed in a separate group. For DRFP
analyses, patients with primary metastatic disease (stage IV) were excluded. Also
for DRFP analyses, sensitivity analyses using Poisson regression models were per-
formed, comparing incidence rates of distant recurrences per 1000 person years,
taking account of the actual follow-up time of each patient, to rule out the impact
of short life expectancy of the oldest patients with more comorbidity.

In all statistical analyses, a p-value smaller than 0.05 was considered statistically
significant. All statistical tests were performed two-sided. All statistical analyses
were performed in IBM SPSS Statistics 20, except for Poisson regression analyses,
which were performed in STATA SE 12.0.

RESULTS

Characteristics of patients

All 3,672 patients in the FOCUS cohort were included for the analyses. Of all
patients, 1747 (48%) were aged 65-74 years at diagnosis, and 1925 (52%) patients
were 75 years or older. Patient, tumor and treatment characteristics per age group
are shown in Table 1A. Patients in the older age group (275) more frequently had
advanced (stage III or IV) tumors, more missing data on grade and morphology,
reflecting the fewer surgeries (and consequently less histology) performed among
the >75 (no surgery: 6.1% among patients aged <75, 20.1% among patients aged
>75). Also, patients aged >75 years received radiotherapy and chemotherapy less

often, and received endocrine monotherapy more often.

Comorbidity

Table 1B shows the distribution of comorbidity. The mean number of comorbidi-
ties was higher in the group aged >75 years (2.2 vs. 1.6 among the patients aged
<75 years; p<0.001). The larger proportion of comorbidity in the older group can
be explained by a significantly higher burden of psychiatric diseases, neurologic
diseases, cardiovascular diseases, digestive diseases and musculoskeletal diseases.
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Table 1 - patient, tumor and treatment characteristics

all patients <75 275
(N=3,672) (N=1747) (N=1925)
Mean age in years (SD) 76.5 (7.4) 70.0 (2.9) 82.3 (4.9)
N % N % N % p*
Stage <0.001
Insitu 208 5.7 142 8.1 66 3.4
I 1,130 30.8 704 403 426 22.1
I 1,532 417 639 36.6 893 46.4
o 368 10 121 6.9 247 12.8
v 212 58 72 41 140 7.3
missing 222 6 69 3.9 153 7.9
Tumor grade <0.001
1 437 119 233 13.3 204 10.6
2 1,005 274 507 29.0 498 259
3 784 214 403 23.1 381 19.8
missing 1,446 39.4 604 34.6 842 43.7
HR status 0.215
ER and PR negative 540  14.7 274 15.7 266 13.8
ER or PR positive 2,290 62.4 1,068  61.1 1,222 635
missing 842 229 405 23.2 437 227
Morphology <0.001
Ductal 2,560 69.7 1,294 741 1,266 658
Lobular 400  10.9 175 10 225 11.7
other/unknown 712 19.4 278 15.9 434 225
Surgery <0.001
None 493 134 107 6.1 386 20.1
BCS 1,194 325 839 48 355 18.4
Mastectomy 1,985 54.1 801 459 1,184 615
Axillary surgery 2,614 712 1,385 79.3 1,229 63.8 <0.001
Adjuvant radiotherapy 1,532 417 981 56.2 551 28.6 <0.001
Endocrine therapy 1,661 45.2 638 36.5 1023 53.1 <0.001
Endocrine monotherapy 371 10.1 74 42 297 154
Adjuvant endocrine therapy 1,290 35.1 564 32.3 726 37.7
Chemotherapy 306 83 184 10.5 122 6.3

*p for difference between age categories (Chi square)

74 | Chapter 5



Overall survival

As shown in Figure 1, in multivariable Cox regression models, overall survival
was worse for patients with an increasing number of comorbidities in both age
groups (multivariable Hazard Ratio (HR) for patients with 5 or more comorbidities
compared to 0-1 comorbidities: 2.61 (95% Confidence Interval (CI) 1.92-3.56) and
HR 1.51 (95% CI 1.24-1.83) respectively for the <75 and 275 group. In patients aged
<75, specific categories of comorbidity that were associated with a worse overall
survival were psychiatric diseases (HR 1.41, 95% CI 1.07-1.85), neurologic diseases
(HR 1.94, 95% CI 1.50-2.52), cardiovascular diseases (HR 1.52, 95% CI 1.28-1.81)
and other comorbidity (HR 1.47, 95% CI 1.03-1.30). Among the highest age group,
only psychiatric diseases (HR 1.62, 95% CI 1.12-1.93) and cardiovascular diseases
(HR 1.16, 95% CI 1.03-1.30) were associated with a worse overall survival.

wveran muramy
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Figure 1. All-cause mortality, multivariable Cox regression analyses.

Distant recurrence free period

Overall, the proportion of patients who developed distant metastases among stage
0 to III patients did not differ between the age categories (11% in both categories).
Among the patients aged >75, the majority of breast cancer patients died without
registered distant metastases (62%), in other words: they died due to a “compet-

ing event”, This proportion was almost three times smaller in the younger elderly

(22%) (Figure 2).
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Figure 2. Distant recurrences and competing mortality.

Results of the multivariable Cox regression analysis on Distant recurrence free pe-
riod (DRFP) are shown in Figure 3. In the patients aged <75, an association between
the number of comorbidities and a higher risk of distant recurrences was found,
the HR for each increase in number of comorbidities was 1.09 (95% CI 1.01-1.19).
With the exception of neurologic diseases (HR 1.82, 95% CI 1.10-3.01, p=0.02) and
cardiovascular diseases (HR 1.34, 95% CI 0.98-1.82), no association was observed
between any of the specific comorbidities and DRFP. Among the patients aged
>75, there was also an association between the number of comorbidities and DRFEP,
multivariable Cox regression analyses showed a trend to decreased risk of distant
metastases among the oldest group (HR per unit increase in number of comorbidi-
ties: 0.94, 95% CI 0.0.87-1.02, p=0.12). The finding that the number of comorbidities
is associated with fewer distant metastases in older patients is endorsed by catego-
rizing the number of comorbidities, showing that patients aged 75 or older having
5 or more comorbid diseases have a significantly lower HR for DRFP (HR 0.54, 95%
CI 0.30-0.96, p=0.036). In addition, a lower risk on distant metastases was shown
for patients with psychiatric comorbidity (HR 0.42, 95% CI 0.20-0.90, p=0.026).
Poisson regression analyses, adjusted for the same factors as the Cox regression
analyses, and taking account with the actual time a patient was followed in the
study, showed an increasing trend for the incidence rate of distant recurrences in
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the <75 group with increasing number of comorbidities (Webtable 1) (multivariable
Incidence Rate Ratio (IRR) 1.09 (95%CI 1.00-1.18; p=0.046); whereas a decreasing
trend was shown in the patients aged >75 (IRR 0.93 (95% CI 0.86-1.01; p=0.094).
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Figure 3. Distant recurrence free period, multivariable Cox regression analyses.

Table 2 - Comorbidity

all patients <75 275

N % N % N % p*
Number of comorbidities - mean (SD) 1.9 (1.8) 1.6 (1.7) 2.2 (1.9) <0.001**
Endocrine diseases (ICD10-4) 983 26.8 447 25.6 536 27.8 0.13
hypercholesterolaemia 90 2.5 51 2.9 39 2.0 0.09
obesity 147 4.0 92 53 55 29 <0.001
diabetes 576 15.7 266 15.2 310 16.1 0.5
thyroid diseases 342 9.3 146 8.4 196 10.2 0.06
other endocrine diseases 13 0.4 4 0.2 9 0.5 0.3
Psychiatric diseases (ICD10-5) 354 9.6 127 7.3 230 11.9 <0.001
depression 109 3.0 49 2.8 60 3.1 0.6
severe psychiatric diseases 69 1.9 36 21 33 1.7 0.5
dementia/Alzheimer’s 170 4.6 27 1.5 143 7.4 <0.001
other psychiatric diseases 48 13 27 15 21 11 0.2
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Table 2 - Comorbidity (continued)

all patients <75 275

N % N % N % p*
Neurologic diseases (ICD10-6) 414 11.3 138 7.9 276 14.3 <0.001
Parkinson’s disease 51 14 18 1.0 33 17 0.1
other neurologic diseases 366 10.0 120 6.9 246 12.8 <0.001
Cardiovascular diseases (ICD10-9) 1849 50.4 794 45.4 1055  54.8 <0.001
myocardial infarction 245 6.7 95 54 150 7.8 0.004
heart failure 190 52 37 2.1 153 7.9 <0.001
valve problems 159 43 52 3.0 107 5.6 <0.001
arrhythmia 426 11.6 137 7.8 289 15.0 <0.001
conduction disorder 60 1.6 13 0.7 47 2.4 <0.001
peripheral arterial occlusive disease 86 2.3 34 19 52 2.7 0.2
deep venous thrombosis 110 3.0 46 2.6 64 3.3 0.2
stroke 284 7.7 86 49 198 10.3 <0.001
hypertension 1177 32.1 561 32.1 616 32.0 0.9
other venous diseases 17 0.5 8 0.5 9 0.5 1.0
other cardiovascular diseases 79 22 33 1.9 46 2.4 0.6
Respiratory diseases (ICD10-10) 392 10.7 184 10.5 208 10.8 0.8
asthma 49 13 28 1.6 21 1.1 0.2
COPD 328 8.9 149 8.5 179 9.3 0.4
other respiratory diseases 23 0.6 11 0.6 12 0.6 1.0
Digestive diseases (ICD10-11) 469 12.8 194 11.1 275 14.3 0.004
ulcerative disease 142 3.9 50 29 92 4.8 0.003
diverticulosis 178 4.8 75 43 103 5.4 0.1
other digestive diseases 171 47 76 4.4 95 49 0.4
Musculoskeletal diseases (ICD10-13) 849 23.1 325 18.6 524 27.2 <0.001
arthrosis 564 15.4 206 11.8 358 18.6 <0.001
Sjogren’s disease 6 0.2 3 0.2 3 0.2 1.0
rheumatoid arthritis 126 3.4 60 3.4 66 3.4 1.0
osteoporosis 175 4.8 65 3.7 110 5.7 0.005
other musculoskeletal diseases 101 2.8 44 2.5 57 3.0 0.4
Other diseases 306 8.3 133 7.6 173 9.0 0.1
blood/immune disease (ICD10-3) 37 1.0 20 1.1 17 0.9 0.5
ear/mastoid disease (ICD10-8) 18 0.5 9 0.5 9 0.5 1.0
genitourinary disease (ICD10-14) 226 6.2 95 5.4 131 6.8 0.06
other diseases not otherwise specified 30 038 13 0.7 17 09 07

(ICD10-18)

*P for difference between age categories (Chi-square test). **unpaired T-test
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DISCUSSION

The main finding of our present study is that comorbidity in older breast cancer
patients has a major impact on all-cause mortality. This association is most pro-
nounced among patients aged <75 years, but is also present in patients aged 75
years or older. Regarding breast cancer specific outcome, the risk to be diagnosed
with distant breast cancer metastases decreases with an increasing number of
comorbidities among patients aged >75, whereas comorbidity in patients <75 years
is associated with a higher incidence of distant recurrences.

Several previous studies have shown that both younger and older breast cancer
patients with comorbidity have increased all-cause mortality.*'* With the knowl-
edge that there is a significant increase in the number and severity of comorbidities

with increasing age””'°

, several studies reported on age-specific effects of comor-
bidity on outcome of older breast cancer patients.”'*"”** But those results were not
consistent across studies.

In the present study we found that although the presence and number of comor-
bidity is predictive for mortality irrespective of age, the impact of comorbidity on
overall mortality decreases among the oldest old, although total mortality rates
are almost three times higher in this oldest age group. A recent large population-
based study performed in the US showed that the presence of comorbid condi-
tions among older breast cancer patients is substantially associated with more
all-cause mortality. Moreover, they showed that the impact of the investigated
specific comorbidities decreased with increasing age."* Hence, our findings are
fully consistent with these previous results, showing that the majority of specific
comorbidities did not have a significant impact on all-cause mortality among the
patients aged >75." This finding indicates that there is an additional role of age
(or age related factors) in the life expectancy, irrespective of the number or type
of comorbidity. Probably, this can be explained by other factors that are associ-
ated with ageing, such as decreased physiologic reserves, functional status and
cognition. The combination of these factors makes a patient more vulnerable to
institutionalization and mortality.”

A remarkable outcome of our study that supports our hypothesis about the vul-
nerability of the oldest breast cancer patients, is the impact of psychiatric comorbid-
ity on all-cause mortality. This probably reflects the effect of cognitive disorders,
that are usually included in tools used in measuring frailty scores.”® Unlike other
specific comorbidities, psychiatric comorbidity is associated with higher hazards
of all-cause mortality in the oldest group compared to their younger counterparts.
In previous studies, dementia was shown to be associated with an increased risk

14,24,27-29

of all-cause mortality in breast cancer patients , although the higher impact
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among the oldest old found in our study was not previously described. Addition-
ally, psychiatric diseases were associated with a lower risk on distant recurrences
among the patients aged =75 in our study. This finding might reflect underreport-
ing of recurrent disease in the oldest and most vulnerable patients rather than a
true decrease in the incidence of distant recurrences. A recent study by Hamaker
et al., showed that a substantial part of elderly care physicians working in nursing
homes, do not refer patients with suspected (recurrent) breast cancer. The most
important reason (accounting for 57% of all non-referrals) was end-stage dementia.
By non-referral the patients will remain unregistered and will not be included in
the cancer registry.” Nonetheless, our finding warrants further exploration.

In addition, we showed that an increasing number of comorbidities is associated
with a lower risk on distant recurrences among patients aged >75, irrespective of
tumor or treatment factors. To our knowledge, there are no previous studies as-
sessing age-specific impact of comorbidity on breast cancer recurrence risk. The
few studies assessing the impact of comorbidity on cancer-specific outcome use
combined outcome measures like disease free survival or progression free survival,
endpoints that in addition to recurrent disease, also include all-cause mortality in
the endpoint.” This results in worse outcomes for patients with more comorbidity,
but for the oldest patients, this is probably due to a higher risk on mortality and not
on cancer recurrence. However, in the patients aged <75, after adjusting for breast
cancer treatment, we found an increasing trend for distant recurrence incidence
with an increasing number of comorbidities.

To our knowledge, the FOCUS cohort is the largest available cohort comprising
detailed information about almost 3,700 older breast cancer patients. Additionally,
the registration of all specific comorbidities, instead of the use of a comorbidity
index or a predefined selection of specific comorbidities is a major strength of this
paper. The volume of the cohort and the detailed registration of comorbidities
makes this a robust analysis. A limitation of our study is the retrospective design,
which only allowed us to assess qualitative comorbidity diagnoses and their
predictive value on outcome. Future prospective studies should also assess other
age-related factors that can influence patient related outcomes such as functional
status and cognition. Furthermore, future prospective studies are needed in order
to register the severity and treatment of comorbidity, and to study interactions of
breast cancer itself and the cancer treatment with (the treatment of) comorbidity.

In conclusion, in our present study we showed an important negative impact of
an increasing number of comorbid diseases and several specific comorbidities on
the overall survival of older breast cancer patients, that cannot be explained by
worse breast cancer specific outcome. However, the relative impact of the number
of comorbidities on survival decreases with increasing age, indicating that clini-
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cians should be aware of other factors that influence prognosis when treating older

breast cancer patients.
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ABSTRACT

Background. In developed countries, 40% of breast cancer patients is older than 65
years of age at diagnosis, of whom 16% additionally suffer from diabetes. The aim
of this study was to assess the impact of diabetes on relapse free period and overall
mortality in elderly breast cancer patients.

Patients and Methods. Patients were selected from the retrospective FOCUS co-
hort, which contains detailed information of elderly breast cancer patients. Relapse
free period was calculated using Fine & Gray competing risk regression models
for patients with diabetes versus patients without diabetes. Overall survival was
calculated by Cox regression models, in which patients were divided into four
groups: no comorbidity, diabetes only, diabetes and other comorbidity or other

comorbidity without diabetes.

Results. Overall, 3,124 patients with non-metastasized breast cancer were includ-
ed. Relapse free period was better for patients with diabetes compared to patients
without diabetes (multivariable HR 0.77, 95% CI 0.59-1.01), irrespective of other
comorbidity and most evident in patients aged 75 years and older (HR 0.67, 95%
CI0.45-0.98). In overall survival analyses, patients with diabetes only had a similar
outcomes patients without comorbidity (HR 0.86, 95% CI 0.55-1.33), while patients
with diabetes and other comorbidity had the worst overall survival (HR 1.70, 95%
CI 1.44-2.01).

Conclusion. When taking competing mortality into account, relapse free period
was better in elderly breast cancer patients with diabetes compared to patients
without diabetes. Moreover, patients with diabetes without other comorbidity had
a similar overall survival as patients without any comorbidity. Possibly, unfavour-
able effects of (complications of) diabetes on overall survival are counterbalanced
by beneficial effects of metformin on the occurrence of breast cancer recurrences.

86 | Chapter 6



INTRODUCTION

With the aging of Western Societies, elderly will account for an increasing percent-
age of breast cancer patients in developed countries.' High age is predictive for
comorbidity and decreased functioning® both associated with decreased overall
survival in elderly breast cancer patients.* The incidence of diabetes is increasing
worldwide. Importantly, diabetes mellitus type 2 has been shown to increase breast
cancer risk in postmenopausal women.” High levels of insulin may have a direct
effect on breast tissue, or indirect effects through increase in sex steroids due to
inhibition of sex hormone-binding globulin (SHBG), disruption of adipokines and
increased insulin-like growth factor-1 (IGF-I) production.® Additionally, diabetes is
associated with obesity and excess body weight is related to increased cancer risk
in postmenopausal women.”

At present, up to 16% of elderly breast cancer patients additionally suffer from
diabetes.® In several cohort studies, it has been shown that diabetes increases
both overall and cancer-specific mortality in the general population and in cancer
patients.”"* Also, the presence of diabetes and its complications can influence the
allocation of treatment, leading to possible negative effects on patient outcome.”
Furthermore, diabetes may accentuate side-effects and complications of chemo-
therapy.® Few studies have studied diabetes in combination with other comorbid
diseases on the prognosis of elderly breast cancer patients, even though the inci-
dence of both diabetes mellitus type 2 and breast cancer increases with age.

The aim of this study was to assess the impact of diabetes on relapse free period,
and the impact of diabetes in combination with other comorbidities on overall
survival in elderly breast cancer patients.

MATERIALS AND METHODS

Patients

Patients were selected from the FOCUS cohort study (Female breast cancer in the
elderly; Optimizing Clinical guidelines USing clinico-pathologocial & molecular
data). The FOCUS-database contains information of all consecutive female patients
aged 65 years and older with invasive and in situ breast cancer who were diagnosed
between 1997 and 2004 in the South-West part of the Netherlands. Trained person-
nel reviewed the medical charts of these patients between 2009 and 2011, and col-
lected information on treatment characteristics, specific treatments, comorbidity,
adverse events, geriatric parameters and recurrences. Follow-up on survival status
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was available until January 1* 2011 through linkage of cancer registry data with
municipal population registries.

Comorbidity was registered according to the ICD-10 classification, and analysed
in subgroups. Respectively, endocrine diseases (ICD10-4), psychiatric disorders
(ICD10-5), neurologic diseases (ICD10-6), cardiovascular diseases (ICD10-9), re-
spiratory diseases (ICD10-10), digestive diseases (ICD10-11) and musculoskeletal
diseases (ICD10-13) were used for analyses. Due to a low incidence in the studied
population, diseases of the blood/immune diseases (ICD10-3), ear and mastoid
(ICD10-8), the genitourinary system (ICD10-14) and other symptomatic diseases
(ICD-10-18) were grouped together in one category “other”. The remaining disease
groups in the ICD10 were not considered of importance and were not registered.
Additionally, a category was created for patients who had no comorbid disease
registered at the t