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Summary

Part I: Evaluating treatment of older patients with breast cancer
In Chapter 2, data from five population-based national or regional cancer registries in 
Europe provided more insight into treatment strategies and survival outcomes among older 
patients with non-metastatic breast cancer. The design of this study allowed us to explore 
possible patterns between treatment strategies and survival outcomes as some treatment 
differences were most likely based on geographic factors. A notable finding was the low 
proportion of patients receiving adjuvant endocrine therapy in the Netherlands compared 
to the other countries in patients with stage I breast cancer. This reflects a difference in 
the national guidelines: in the Netherlands, endocrine therapy is only recommended in 
hormone receptor positive patients with lymph node positive disease or otherwise unfa-
vourable tumour characteristics (high grade or size ≥ 2 cm),1 while in other countries, ad-
juvant endocrine therapy is prescribed in all patients with hormone receptor positive breast 
cancer. This lower use of endocrine treatment in the Netherlands was not accompanied by 
poorer relative survival in the Netherlands suggesting potential overtreatment in countries 
other than the Netherlands. On the other hand, substantial variation in the omission of 
surgery was observed between the participating countries (Ireland vs Belgium) in patients 
with stage III breast cancer. The increase of omission of surgery was accompanied by a 
decreasing relative survival, potentially indicating undertreatment in this high risk group. 
Overall, these findings underline the lack of consensus in the international community on 
how to optimally treat older patients and reflect the struggle in clinical practice to treat this 
very heterogeneous population. Moreover, the variation in treatment probably contributes 
to variation in survival outcomes in Europe. 

Chapter 3 described the primary outcomes of the long-term follow-up of the TEAM 
trial, investigating the effectiveness of exemestane monotherapy compared to sequential 
therapy with tamoxifen followed by exemestane for a total duration of five years, among 
post-menopausal patients with hormone receptor positive breast cancer. In line with the 
five year results,2 no differences between these two strategies were observed for the primary 
endpoints. When considering cause of death, results of this analyses suggested there might 
be a small benefit of exemestane therapy on breast cancer-specific mortality but this was 
counterbalanced by an increase in non-breast cancer related mortality, resulting in similar 
overall survival rates for both treatment strategies. Literature has noted that tamoxifen 
bears a cardioprotective effect and therefore contributes to lower other cause mortality 
among patients with breast cancer.3 This suggests that although exemestane might be more 
favourable for breast cancer related outcomes, it lacks the cardioprotective effect of tamoxi-
fen. Therefore, tamoxifen might be preferred for patients with a relatively low risk breast 
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cancer and high risk cardiovascular profile, a finding that is particularly important for older 
patients. 

In Chapter 4, we described the ability of physical recovery after surgical treatment and 
during endocrine treatment using two parameters of physical functioning among post-
menopausal patients with breast cancer included in the TEAM trial. Patients aged 70 years 
or older did not improve in physical functioning between one and two years after diagnosis 
to the same extent as younger patients. Impairment in physical functioning could interfere 
with independent living and might influence quality of life. Therefore, these outcomes 
should be described in clinical studies, especially when the majority of the target population 
of the treatment under study is of older age. 

Part II: Breast cancer prognosis in the presence of competing mortality
In the second part of this thesis we further investigated the prognosis of breast cancer in the 
presence of competing mortality. In Chapter 5, we evaluated the influence of age on breast 
cancer mortality and other cause mortality in ten year follow-up data from the TEAM trial. 
We applied Fine and Gray regression analysis to adjust for competing events. After ten 
years of follow-up, breast cancer mortality continued to increase among postmenopausal 
patients regardless of the increasing other cause mortality. In older patients, breast cancer 
mortality remained higher compared to younger patients and this was not outweighed by 
substantially higher other cause mortality. Chapter 6 provides further insight into the role 
of comorbidities on the long-term risk of breast cancer mortality and other cause mortality 
in postmenopausal patients with early breast cancer, which especially for the older patient 
cohorts is very relevant. Despite the number of comorbidities or increasing age that both 
contributed to higher other cause mortality, no decrease in breast cancer mortality was ob-
served. Most interestingly, we report that older patients without comorbidities are at higher 
risk of dying due to breast cancer, despite a higher other cause mortality. Both Chapter 
5 and Chapter 6 underline the clinical challenge regarding decision making, balancing 
between undertreatment and overtreatment of older patients, and indicate that assessment 
of risk for both breast cancer mortality and other cause mortality is indispensable for treat-
ment decision making in older patients. 

Part III: From research setting to daily practice: improving methodology in 
studies in older patients 
In the third section of this thesis, we explored some innovative methodological approaches 
to improve our understanding of health and disease among older patients with breast cancer. 
In Chapter 7, we shed further light on how scholars define successful aging using a citation 
network analysis to explore the literature. We described two distinct citation networks that 
form two mutually exclusive concepts of successful aging. The first network focused on suc-
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cessful aging from the perspective of the older person themselves while the second cluster 
based the concept of successful aging on the objective measurements of aging as determined 
by the researchers. These findings emphasize how the concept of successful aging depends 
on whether the individual themselves or the outsider judge the situation. 

In Chapter 8, we reported the use of absolute outcomes next to relative outcomes with 
the Aalen additive hazards model to improve our understanding of the impact of age in 
older patients with breast cancer. We illustrated that this model is easily applicable for time-
to-event analysis while it preserves the possibility to adjust for confounders and test for 
statistical interaction similar to the traditional Cox model. Moreover, our results showed 
that the interpretation of effect of risk factors among subgroups can change depending on 
the relative or absolute scale of the effect measure due to variation in underlying baseline 
risk. As older patients are at higher baseline risk of dying compared to younger patients, it 
is important to take this into account when evaluating the clinical impact of risk factors.

Finally, in Chapter 9 we proposed new endpoints that could be used for the evaluation of 
treatment in older patients with cancer. Ultimately, patients and clinicians aim to maximize 
both length and quality of life. Traditional quality of questionnaires include various domains 
of function (such as physical functioning and social functioning) defined by researchers 
that together sum up to a measurement of quality of life. However, the patient’s perception 
of quality of life is highly dependent on individual thoughts, feelings, and preferences and is 
not necessarily reflected in a quality of life questionnaire based on functional outcomes. The 
proposed endpoints take into account both the perspective of the patient by evaluating the 
experienced happiness and life satisfaction and the objective measure overall survival. We 
combined the measure of happiness with the length of life to develop a balanced estimate 
of harms and benefits in the treatment of older patients with cancer (HAPPY endpoint). 

Discussion 

Implications of the findings for clinical practice 

Balancing between undertreatment and overtreatment 
There is a thin line between undertreatment and overtreatment in older patients with breast 
cancer. In Chapter 2, we described examples of both undertreatment and overtreatment. 
First, there is a group of older patients that, based on the breast cancer characteristics, has 
a low risk of disease recurrence and breast cancer mortality. Moreover, due to their older 
age their risk of dying due to other causes is substantially higher. In these patients, the ad-
ditional benefit of adjuvant endocrine therapy might be minimal; despite the large variation 
in prescription of adjuvant endocrine therapy, relative survival was approaching 100% in 
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all participating countries, indicating almost no excess mortality due to breast cancer. Un-
fortunately, there is only circumstantial evidence that supports the omission of endocrine 
therapy in this low risk group. A study comparing treatment and survival in the Netherlands 
and Ireland reported similar findings.4 In addition, a population-based study from Denmark 
identified a subgroup of older patients with low risk breast cancer not treated with adjuvant 
endocrine therapy that were not at increased risk of mortality.5 Recently, a secondary analy-
sis of a Swedish trial that compared adjuvant tamoxifen versus no tamoxifen was also able 
to define a ultralow risk group where adjuvant endocrine therapy did not lead to survival 
benefit over a course of 20 years.6 While the beneficial effects of adjuvant endocrine therapy 
in this subgroup appear to be overestimated, harmful effects appear to be underestimated. 
Tamoxifen increases the risk of trombo-embolic events and is associated with decline in 
cognitive function and increasing risk of depression.2,7,8 Aromatase-inhibitors are strongly 
associated with arthralgia and osteoporosis.2 In a vulnerable older population, this might be 
even more pronounced and may lead to loss of independence, although data to underline 
these implications are lacking. For older patients with low risk breast cancer, the benefit of 
treatment may not outweigh the harms and this should be taken into consideration when 
deciding upon adjuvant endocrine therapy. Moreover, in older patients with cardiovascular 
disease tamoxifen might be more appropriate due to a possible cardioprotective effect but 
further research is needed to aid better profiling. 

Second, there is a group of older patients with unfavourable tumour characteristics that 
have a high risk of recurrence and breast cancer mortality that are vulnerable for under-
treatment: In Chapter 2, we reported that older patients with stage III breast cancer from 
countries that treat a higher proportion of patients with primary endocrine therapy (PET) 
have a poorer relative survival. Growing evidence suggests poor locoregional control with 
PET: a meta-analysis of randomised controlled trials and non-randomised studies has 
shown benefits for surgery over PET in treatment of older patients in better disease control 
and a probable survival benefit in patients with a life expectancy of more than five years.9 
It is therefore that the SIOG only recommends PET for patients with a life expectancy 
of less than 2 years, or for those patients considered unfit for surgery or refuse surgery.10 
Given these recommendations and the knowledge that women who reach the age of 75 
have an average life expectancy of 13 years,11 it is reasonable to assume that in countries 
such as England and Ireland, with up to 39% of the patients treated with PET, some of these 
patients were undertreated. Moreover, Chapter 2 also showed that there is no international 
consensus on the prescription of chemotherapy among older patients. In the Netherlands, 
only very few patients aged over 70 years receive chemotherapy due to an upper age limit in 
our national guidelines. This might lead to undertreatment as the life expectancy of these 
patients may be high enough to gain benefit from chemotherapy. Especially among other-
wise healthy older patients, withholding chemotherapy may contribute to poorer survival 
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outcomes that were described in Chapter 5 and 6. Unfortunately, little evidence exists on the 
efficacy, feasibility and toxicity of chemotherapy among older patients with breast cancer 
as they are often excluded from clinical trials. Only one trial specifically including older 
patients (aged >65 years, good performance score and no major organ dysfunction) com-
pared standard chemotherapy (either cyclophosphamide, methotrexate, and fluorouracil 
(CMF) or cyclophosphamide/doxorubicin) with capecitabine, and noted better outcomes 
for disease recurrence and overall survival in the standard chemotherapy group.12 In both 
therapy arms, however, a substantial percentage of patients experienced toxicity, needed 
dose reduction or stopped therapy early. The chemotherapy toxicity tool in older patients 
with cancer developed by Hurria and colleagues,13 might be helpful in decision making 
regarding adjuvant chemotherapy.

Emphasizing the role of life expectancy 
To reduce overtreatment and undertreatment and improve outcomes, treatment should be 
tailored to the needs of the older patient. The goal of many treatment strategies in breast can-
cer is to prevent future disease recurrence. Efficacy of treatment is often evaluated five years 
after initiation of treatment. Therefore, it is of key importance to estimate life expectancy. 
In older patients breast cancer occurs to the background of aging and therefore life expec-
tancy is not only defined by the prognosis of breast cancer. There is a large heterogeneity in 
health status in older patients and calendar age alone is known to be a poor predictor of life 
expectancy. This is illustrated by Figure 1, that indicates how remaining life expectancy is 
influenced by the level of comorbidity in older individuals.14 Many online tools have been 
developed to conceive a better estimation of life expectancy.15 An overview of these tools is 
provided at www.eprognosis.com. In these tools, variables such as comorbidity, frailty and 
subjective health are included to more accurately predict life expectancy. The International 
Society of Geriatric Oncology recommends performing a geriatric assessment in all older 
patients with cancer.10,16 Unfortunately, there is a large variety in tools that are used for 
the geriatric assessment and no consensus has yet been reached which tools should be in-
cluded.16 Nevertheless, several studies have indicated that some form of geriatric assessment 
could be used to predict the risk of toxicities and to provide a profound estimation of breast 
cancer mortality, other cause mortality and benefits and harms of treatment.17 

On the other hand, recently published work by Kusumastuti et al described that the added 
value of geriatric indicators to calendar age to predict mortality decreases with increasing 
age.18 Apparently, the process of aging makes older people intrinsically frail and variation in 
clinically visible signs of frailty do not appear to influence life expectancy. This is also visible 
in Figure 1,14 where variation in life expectancy by comorbidity decreases with increasing 
age groups, especially after the age of 85 years. When extrapolating these findings to the 
treatment of breast cancer, we should question ourselves if there is a certain age threshold 
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at which invasive treatments such as chemotherapy should not be encouraged due to the 
intrinsic aging process, even when a patient is not showing any clinical signs of frailty.  

Fig 1. Estimated life expectancy by age and comorbidity level (none, low/medium, or high). Data adapted.3

Figure 1. Estimated life expectancy by age and comorbidity level (none, low/medium, or high). Adapted 
from Muss et al.14

Taking competing mortality into account for breast cancer prognosis
Following the estimation of life expectancy, breast cancer prognosis should be evaluated 
to further define the extent of treatment. However, the tools that are currently available to 
estimate breast cancer prognosis such as Adjuvant! Online and PREDICT are not validated 
for the older population, and they do not incorporate geriatric parameters. Both tools are 
poorly equipped to take the heterogeneous health status of older patients, including comor-
bidity and functional status into account; in validation studies in the Dutch breast cancer 
population both tools overestimated breast cancer outcomes and the impact of treatment in 
older patients.19-21 Therefore, tools specifically designed for older patients to estimate breast 
cancer prognosis are highly needed and they should take competing mortality into account 
to accurately predict breast cancer prognosis. 

Over the last decade, the role of genomic profiling to better predict the value of adjuvant 
treatment in breast cancer is highly debated. In 2016, the results of the Microarray in Node-
Negative and 1 to 3 Positive Lymph Node Disease May Avoid Chemotherapy (MINDACT) 
study were published and described that genetic profiling with the 70-gene signature test 
(MammaPrint) chemotherapy could be safely omitted among patients with a high clinical 
risk and low genomic risk.22 Unfortunately, the MINDACT trial did not include patients 
aged over 70 years and therefore these results cannot easily be extrapolated to the older 
population. It is interesting to elaborate if genomic profiling could improve the predictive 
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value of adjuvant treatment in older patients. Recently, a secondary analysis of a Swedish 
trial that compared adjuvant tamoxifen versus no tamoxifen with a follow-up of twenty 
years showed that the MammaPrint could identify patients with ultra-low long-term risk of 
dying from breast cancer in whom adjuvant endocrine treatment could be safely omitted.6 

Implications for research in the older population with breast 
cancer 

Include patients that are representative of the target population 
Over the last years, the gap between efficacy observed in cancer trials and outcomes in 
daily practice became apparent.23 Cancer trials aim to establish the efficacy of a drug or 
procedure on the disease of interest. They are performed in a highly controlled environment 
with highly selected and often younger patients.24 Unfortynately, these patients and circum-
stances do not represent the daily practice where older patients carry a considerable burden 
of disease. Therefore, clinical trials ought to be more representative of the populations 
most affected by the disease for which treatments are being tested. This should increase the 
knowledge of effectiveness of treatments and improve translation of trial results to optimal 
care of older cancer patients.25 For this reason, the Food and Drug Administration issued a 
guideline to encourage clinical trials to include patients aged 75 years and older when a dis-
ease is common among older patients.23 Despite the encouragement of both governmental 
institutes and international research organisations, previous attempts have shown that it is 
challenging to include older patients in clinical trials.10 Understandably, clinicians may feel 
uncomfortable with inclusion of frail older patients in trials with treatments with unknown 
efficacy and toxicity profiles. Therefore, ‘level A’ evidence will probably remain scarce for 
older patients. 

To improve evidence based medicine in older patients, a reasonable addition to clinical 
trials are observational studies. They generate a large amount of data that are representative 
of the older population and clinical practice. To prevent bias due to so-called ‘confounding 
by indication’ when comparing treatment strategies, adequate methodological techniques 
should be used.26 Unfortunately, many observational studies use inadequate methods that 
lead to incorrect interpretation of outcomes and thereby reduce the credibility of observa-
tional studies.27 Novel methodological approaches such as the instrumental variable method 
can be applied in observational studies to compare treatment efficacy if certain assump-
tions are met.26 To be able to use this type of research, large and high quality databases are 
necessary. One example is the EURECCA database, that is described in Chapter 2. In this 
project, patient, tumour and treatment variables were collected for all patients aged over 
70 years diagnosed with breast cancer in defined regions or countries. Although only certi-
fied cancer registries were included, the quality of the data was highly variable making it 
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difficult to interpret findings. Moreover, various definitions for staging and treatment were 
applied hampering the possibility to merge and compare data. In the future, quality of these 
databases should be improved by reducing missing information and improving definitions 
of treatment. Furthermore, it would be very relevant to include more information on the 
health status of individual patients, such as comorbidities or polypharmacy, to improve our 
understanding of the interaction between age related factors and cancer outcomes. 

Including relevant endpoints for older patients in research 
To measure efficacy of treatment, outcomes in clinical trials in cancer emphasize the phar-
macological or biological efficacy of the drug or surgery. This has resulted in cancer driven 
endpoints, such as progression free survival, disease free survival or pathological complete 
response.28 Clinical trials should not only be concerned with prolonging life, but also focus 
on the needs and desires of patients.28 From the perspective of patients, both length of life 
and quality of life are considered important aspects of treatment decision making and the 
balance might change during life course. In younger patients, increasing length of life might 
be the primary goal of treatment, while in older patients quality of life becomes an increas-
ingly important aspect in treatment decision making.29 

In the evaluation of health care, there has been an increasing awareness to include relevant 
measures for patients. In an influencing paper published in 2010, Michael Porter stated that 
´value should always be defined around the customer´ and introduced value based health 
care that is rapidly being implemented in hospitals worldwide.30 In line with this, Chapter 
7 describes that successful aging can be described from the patient perspective along with 
the researchers perspective of successful aging. In addition, more emphasis has been given 
to so called patient reported outcomes such as functional outcomes, symptoms and quality 
of life to measure the value of care.31 This line of reasoning should be extended to clinical 
research in geriatric oncology.28 The value of treatment should not only be defined in terms 
of effectiveness but should also include the experience of the patient themselves. Current 
guidelines for the treatment of breast cancer do not provide any of this information as they 
are restricted to merely biomedical outcomes and are therefore insufficient for optimal 
treatment of older patients. 

Ultimately, patients and clinicians aim to maximize both length and quality of life. Patient-
related endpoints such as functional status, cognitive status and symptoms are important 
to provide further insight into this balance.28 However, researchers and clinicians should be 
aware that functional outcomes should not be interpreted as a measurement of quality of 
life. As was outlined in Chapter 9, quality of life highly depends on individual needs and 
preferences and among older patients it is not one-to-one related to functional outcomes.32 
If we aim to measure quality of life from a patient perspective, wellbeing would be an ap-
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propriate candidate to focus on. In older patients with cancer, the balance between length 
of life and quality of life should be reflected in the use of endpoints used in clinical trials. 
In Chapter 9, we proposed a new endpoint that includes both measures. In the near future, 
we hope to implement this new endpoint in a study including older patients with cancer to 
provide a better understanding of the balance between harms and benefits of treatment and 
disease from the perspective of the patients themselves. 

Develop a prediction model specifically designed for older patients 
The Climb Every Mountain Study is an observational cohort study including patients aged 
over 70 years with non-metastatic breast cancer and it opened in 2013. In addition, the 
Prospective Registration of Issues in Metastasized breast cancer in the Elderly (PRIME) 
study is including patients aged over 70 years with metastatic breast cancer and opened 
in 2014. Both studies collected data on geriatric indicators and tumour characteristics at 
baseline and measured various domains of functioning during follow-up. In the coming 
years, data from both studies will mature and provide us further insight into treatment and 
relevant outcomes in older patients with breast cancer. Another promising research project 
that will integrate data from the Climb study with data from other population based studies 
is the Prediction of Outcome, Risk of Toxicity and quality of life in older patients TREaTed 
for breast cancer (PORTRET) study. In this tool, geriatric indicators will be incorporated to 
predict cancer outcomes in the presence of competing mortality, risk of toxicity and quality 
of life. 

In conclusion, similar to almost all other human malignancies, breast cancer is a disease of 
aging. This will lead to a growing number of older patients for whom optimal care is not yet 
available. It is important to provide studies and tools that are better suited to the needs and 
wishes of older patients. In the near future, important data from several observational stud-
ies will mature, setting foot to a prediction model for older patients with relevant outcomes 
to improve personalized care in older patients with breast cancer. 
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