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Introduction

Breast cancer is the leading contributor to cancer incidence and cancer mortality in women 
worldwide1. Currently, 35-45% of newly diagnosed breast cancer patients in developed countries 
is aged 65 years and older2-4. Due to ageing of the Dutch population, the number of women 
above the age of 65 is expected to increase with almost 1,000,000 women between 2015 and 
20605 (Figure 1), and similar trends are expected in other developed countries. Consequently, 
the number of older women with breast cancer will strongly increase in the next years2, resulting 
in a huge disease burden and a great concern for the health care system.

Breast cancer in older patients
Older women with breast cancer differ from younger women in many aspects. Older  
women tend to present with more advanced tumour stages and tumours are more often  
hormone-receptor positive4;6. In addition, older women with breast cancer comprise a  
heterogeneous group due to large differenes between patients with regard to concomitant  
diseases, physiological reserve and functional status7, as breast cancer occurs in the background 
of physiological ageing8. These differences can strongly influence clinical decision making. It has  
been shown that older women with breast cancer are less concerned about body image and  
recurrence  when it comes to surgical decision making9. In addition, older patients are generally  
prepared to undergo adjuvant treatment10, but less willing to trade absolute survival gain for  
toxicity or loss of functional capacity11;12. With regard to shared decision making, older patients 
prefer a physician-based treatment advice more often than younger patients13. These differences 
must be taken into account in the clinical decision process with older patients. 

Figure 1  Prognosis of age-distribution of the Dutch Population

20
15

20
20

20
25

20
30

20
35

20
40

20
45

20
50

20
55

20
60

0

20

40

60

80

100

Figure 1: prognosis of age-distribution of the  Dutch population
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With increasing age, women with breast cancer are at increased risk of dying from other  
causes than breast cancer14. Consequently, absolute benefits of breast cancer treatment may be  
less pronounced in older patients. However, ageing not only increases the risk of competing  
mortality, but also the risk of breast cancer mortality14. In addition, breast cancer survival in  
patients aged 75 years and older has not improved in recent years in the Netherlands, while 
survival of younger breast cancer patients has significantly improved, thereby increasing the  
survival gap between young and older breast cancer patients15. Similar trends have been observed 
in other European countries as well as in the United States16-18. Possibly, both undertreatment 
and overtreatment explain the lack of survival gain for older patients, indicating that specific 
individualized treatment strategies are essential to improve breast cancer care in older patients.

Non evidence-based medicine
Current guidelines for breast cancer are based on studies that were mostly performed in  
younger patients4. Due to the aforementioned differences between younger and older patients,  
general guidelines for breast cancer treatment do not automatically apply to the older population.  
However, the Dutch guidelines make few distinctions between young and older patients19. In 
2007, the International Society for Geriatric Oncology (SIOG) published an international  
recommendation for treatment of older breast cancer patients based on the available  
evidence4, which was updated in 201220. The SIOG recommendations mentioned that  
treatment of older breast cancer patients is mostly not evidence based, as older breast cancer  
patients are generally underrepresented in clinical trials on which general guidelines are based21. 
The few trials that have been specifically designed for older breast cancer patients in the past, often  
suffer from poor patient accrual, probably due to strong patients’ and physicians’ preferences22.  
Furthermore, results from trials that did include older patients often cannot be extrapolated to  
the general population, as patients in clinical trials generally have fewer comorbid diseases, a  
higher socioeconomic status and more favourable tumour characteristics21;23. As a result, patients  
included in clinical trials tend to have a better prognosis than breast cancer patients in the  
general population21;23. Consequently, most of the SIOG recommendations were either based on 
trials that were performed in a non-representative population, or on small observational studies,  
resulting in a low level of evidence4;20. As it is unlikely that these issues in performing randomized  
clinical trials in older patients are easily overcome, it is essential to search for alternative  
methods to work towards evidence-based medicine for older patients. Observational studies may be 
a reasonable alternative, as they study “real” populations, provided that adequate methodological  
methods are used. 

In conclusion, older patients differ from younger patients in many aspects. Treatment of  
older women with breast cancer is mostly not evidence-based, and it cannot be expected that  
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clinical trials will fill this gap of knowledge in the near future. Therefore, the aim of this thesis 
was to investigate several aspects of breast cancer treatment in older women by studying large,  
mostly population-based databases. This thesis is divided in two parts. In Part I, several aspects of  
treatment in older breast cancer patients are studied. Part II assesses several methodological  
aspects of studying breast cancer in older patients. 

Outline

Part I: Choosing the right treatment for the right patient
Clinical decision making in older breast cancer patients is challenging due to many  
interacting factors and the heterogeneity of this population. Therefore, several aspects of treatment  
decisions in older breast cancer patients will be assessed. First, the value of mass breast cancer 
screening in older women will be investigated. It has been assumed that diagnosis at an earlier 
stage through screening programs could improve breast cancer prognosis, and may therefore be  
beneficial for older women24. However, previous breast cancer screening trials rarely included  
women over the age of 6024. Although there is no strong evidence for beneficial effects of breast  
cancer screening in older women, in 1998, in the Netherlands, the upper age limit of the mass  
screening program was extended from 70 to 75. In Chapter 2, the implementation of the mass 
breast cancer screening program in women aged 70-75 will be evaluated by studying incidence 
rates of early stage and advanced stage breast cancer before and after implementation of the mass 
screening program in this age-group. 

Next, several aspects of surgical treatment for older patients are investigated. The SIOG  
recommendations from 2008 and 2012 state that all older breast cancer patients with a  
resectable tumour should receive either a mastectomy or breast conserving surgery with whole-
breast radiotherapy.4;20 However, older patients are often not treated in accordance with existing 
guidelines.21;25 Deviation from guidelines may be justified in frail older patients, who may die from 
other causes, and may be at increased risk of adverse events of treatment. In Chapter 3, risk factors 
for postoperative complications and their association with survival of older patients are investigated. 
In Chapter 4, changing treatment strategies of early breast cancer in the past fifteen years as well 
as the effect on overall and relative survival of older patients are assessed. Similarly, time-trends in 
treatment  and survival of patients with metastasized breast cancer are assessed in Chapter 5.

After completion of locoregional treatment, a large proportion of patients is treated with adjuvant 
therapy6. Currently, several prediction tools are used in clinical practice in order to estimate the 
gain of adjuvant treatment in individual patients. One of the most well-known prediction tools 
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is the online Adjuvant! program, which calculates 10-year breast-cancer mortality, other cause 
mortality and recurrence based on patient- and tumour characteristics. Also, the tool calculates 
expected benefits of adjuvant breast cancer treatment. The Adjuvant! program was developed in 
a large database that was derived from the SEER-database, which contained individual data from 
patients aged 35-69 years of age. Although the tool has been validated in several  studies, these 
studies included highly selected populations with  relatively few older patients. Since competing 
mortality risks strongly influence the absolute risk of breast cancer recurrence and death, the  
validity of the online Adjuvant! Program in older breast cancer patients in the population will be 
assessed in Chapter 6.

Part II : methodological aspects of research in older breast cancer patients
In Part II of this thesis, several methodological aspects of research in older breast cancer  
patients are assessed. For many years, researchers and clinicians in the geriatric  
oncology field have urged for new clinical trials that are specifically designed for older patients26;27.  
In addition, a recently published position paper of SIOG stated that it is important for trials that  
investigate treatment of older cancer patients to incorporate relevant endpoints such as  
functional status and quality of life28. These endpoints are essential to weigh the risks and benefits 
of treatment in older patients28. However, it remains unclear if currently ongoing trials address these  
outcomes strongly requested by the field of geriatric oncology. Chapter 7 provides an overview 
of endpoints of all currently ongoing clinical trials on breast cancer, particularly in older patients. 
In Chapter 8, the role of competing events in methodology of studies in older breast cancer  
patients is studied. As older patients are at increased risk of dying from other causes than breast 
cancer, these so-called competing endpoints should be taken into account in the choice of study 
design. Several statistical models deal with competing endpoints in different ways, and this may  
influence the interpretation of study results. In this chapter, we will study this topic in further detail.

Due to the aforementioned poor and selective accrual of older breast cancer patients in  
clinical trials, it cannot be expected that the large gaps in knowledge will be (completely) filled 
by clinical trials. As observational studies are generally not limited by selection, they are expected 
to be of major importance to gain scientific evidence. However, the use of proper methodology 
in observational studies is essential to draw valid conclusions. Chapter 9 includes an overview 
of all recently published observational studies on breast cancer treatment in older patients, and 
evaluates the methodology.

Finally, Chapter 10 contains the general discussion and future perspectives. 
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