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Abstract
Background
Previously it was shown that breast cancer survival decreases with increasing age among a 
selected population of elderly who participated in a trial. However, patients who participate 
in a trial differ from patients in the general population. Therefore, the aim of this study was 
to evaluate the association between age and breast cancer outcome in an unselected group of 
elderly breast cancer patients.

Methods
We included patients of the population-based FOCUS study, which comprises all incident 
breast cancer patients aged 65 years or older at diagnosis, who were diagnosed in the South 
Western part of The Netherlands between 1997 and 2004. All patients with non-metastasized 
breast cancer who received breast surgery were included. Age was categorized as 65-75 years 
and ≥75 years. Primary outcome was relative survival, which is an approximation of disease 
specific survival and the preferred way to describe the prognosis of elderly cancer patients in 
population-based studies. In addition, the relative excess risk of death was estimated.   

Results
Overall, 3,124 patients were included (1,617 aged 65-75 years; 1,507 aged ≥75 years), with a 
median age of 74.6 years. The five-years relative survival was 92.6% (95% CI 90.5-94.5) in 
patients aged 65-75 years, and 86.4% (95% CI 82.5-90.2) in patients aged ≥75 years. The lower 
relative survival in the oldest patients corresponded with a higher relative excess risk of death 
in patients aged ≥75 years as compared to patients aged 65-75 years (multivariable relative 
excess risk of death was 1.72 (95% CI 1.21-2.44)).  

Conclusions
Breast cancer outcome, in terms of relative survival, deteriorates with increasing age among 
unselected elderly patients from the general population.
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Introduction
Breast cancer is the most frequently diagnosed malignancy in females in the Western world, 
with over 40% of new diagnoses occurring in women aged 65 years and older1. It is often assumed 
that breast cancer phenotype is less aggressive in older women. Although elderly breast cancer 
patients more often present with larger tumors2 and positive lymph nodes at diagnosis3, they 
more often have hormone receptor positive disease and lower tumor differentiation grades4. In 
addition, a higher competing risk of death among elderly, in which a patient dies from causes 
unrelated to breast cancer, may affect breast cancer mortality5.

However, recently we showed that breast cancer mortality increased with increasing age among 
9,766 postmenopausal women with hormone receptor positive breast cancer who participated 
in a randomized clinical trial6. Moreover, elderly patients had a higher risk of breast cancer 
recurrence, and distant recurrence in particular7.

Regardless of the disease and the age of the patients under study, it has been shown that 
the outlook of patients included in a clinical trial is usually better than those who do not 
participate8. In the general population, the risk of competing mortality is likely to be higher. 
In addition, both treatment9 as well as implications of treatment may differ from patients who 
participate in a trial. Therefore it remains unknown whether the association of a worse breast 
cancer outcome with increasing age is also present in unselected elderly patients from the 
general population.

The aim of this study was to evaluate the association between age at diagnosis and breast cancer 
outcome in a large, unselected, population-based cohort of elderly patients with breast cancer.

Methods
FOCUS cohort
We included patients of the population-based FOCUS study. The FOCUS study (Female breast 
cancer in the elderly; Optimizing Clinical guidelines USing clinico-pathological & molecular 
data) comprises all incident breast cancer patients aged 65 years or older at diagnosis, who 
were diagnosed in the geographically defined Comprehensive Cancer Center Region West in 
The Netherlands between 1997 and 2004. Inclusion in the cohort is based on the National 
Cancer Registry, which contains data of all incident cancer cases. The nationwide Dutch 
network and registry of histopathology and cytopathology regularly submits reports of 
all newly diagnosed malignancies to the Regional Cancer Registries. The national hospital 
discharge data bank, which receives discharge diagnoses of admitted patients from all Dutch 
hospitals, completes case ascertainment. Trained personnel reviewed charts of these patients 
and collected information on patient, tumor, treatment and outcome characteristics. Vital 

proefshrift.indb   99 2-5-2014   08:13:56



100 Chapter 7

status was established either directly from the patient’s medical record or through linkage with 
the municipal population registries, which record information on vital status (follow-up until 
January 1st 2011). Patients with in situ or invasive, non-metastatic breast cancer at diagnosis 
who received breast surgery were included in the current study. 

Outcome measures
Primary outcome measure was relative survival, which is an approximation of disease-specific 
survival. Relative survival is the preferred method for estimating disease-specific outcome in a 
population-based setting without requiring information on the cause of death10;11. 

Secondary outcome measures were time from diagnosis to occurrence of a locoregional 
recurrence, (recurrence in the ipsilateral breast or chest wall, or recurrence in ipsilateral 
axillary or supraclavicular lymph node(s); distant recurrence (recurrence in bone, skin, liver, 
lung, brain or other distant localization); or contralateral breast cancer, whichever came first. 
For patients with synchronously recurrent disease at more than one site, the localization most 
likely determining prognosis was used as endpoint. Ductal carcinoma in situ was not judged to 
be evidence of recurrence. 

Statistical analysis
Statistical analyses were performed using SPSS statistical software, version 20.0 (SPSS Chicago, 
IL) and STATA SE 12.0. Age at diagnosis was categorized as 65-74 years and ≥75 years, as 
discussed at the meeting of the International Society of Geriatric Oncology in 200912 and in 
line with other publications6;13. To compare proportional differences among age categories, the 
Pearson χ2 test was used. 

Relative survival was calculated as the observed overall survival among patients in the study, 
divided by the expected overall survival in the sex-, age-, and year matched general population, 
using the ‘strs’ command in Stata11. Expected survival was obtained from population life-tables 
according to the Ederer II method14. An estimate of the five-years relative survival of less than 
100% means that the survival of patients in the study is lower than expected, when compared 
to survival in the corresponding general population. This means that patients in the study had 
an excess risk of death, which can be attributed to breast cancer or breast cancer treatment.  

The excess risk of death can be calculated as the observed number of deaths minus the 
expected number of deaths, divided by the total person-years. To compare whether the excess 
risk of death differed by age at diagnosis, we calculated the relative excess risk of death, which 
is the excess risk of death in patients aged ≥75 years divided by the excess risk of death in 
patients aged 65-75 years. The relative excess risk of death is estimated by a multivariable 
generalized linear model with a Poisson distribution, based on collapsed relative survival data 
based on exact survival times14, and can be interpreted as the risk of death from breast cancer 
in patients aged ≥75 years as compared to the risk of death from breast cancer in patients aged 
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65-75 years. To assess the robustness of the results, the analyses were also stratified by stage 
(early stage: in situ, I, II; advanced stage: III)15. 

The relation between age at diagnosis and the secondary endpoints were evaluated by competing 
risk regression analyses according to Fine and Gray16, since cause-specific outcomes may be 
influenced by the risk of competing endpoints. For example, an individual who dies, is no 
longer at risk for breast cancer recurrence. A Fine and Gray analysis is used to assess the risk 
of locoregional recurrence, distant recurrence and contralateral breast cancer, respectively, 
taking into account the risk of reaching competing endpoints. Competing endpoints for 
locoregional recurrence were distant recurrence, contralateral breast cancer, and death; 
competing endpoints for distant recurrence were locoregional recurrence, contralateral breast 
cancer, and death;  and competing endpoints for contralateral breast cancer were locoregional 
recurrence, distant recurrence, and death. Sensitivity analyses were performed for overall 
recurrence, which was defined as either a locoregional recurrence, distant recurrence or 
contralateral breast cancer as a first event, with death as competing endpoint.

Covariates were included in the multivariable model if they were judged to be clinically relevant 
and comprised histological grade (Bloom Richardson G1; G2; G3; unknown), histological 
subtype (ductal; lobular; other), hormone receptor status (positive; negative; unknown), 
combined TNM stage (I; II; III; unknown), most extensive breast surgery (mastectomy; wide 
local excision), most extensive axillary surgery (axillary lymph node dissection; sentinel lymph 
node biopsy; none), radiotherapy (yes; no), chemotherapy (yes; no), endocrine therapy (yes; no); 
and comorbid disease (0-1; 2-4; 5 or more). All statistical tests were 2-sided. P values of less 
than 0.05 were considered to be statistically significant.

Results
Overall, 3,124 patients with a median age of 74.6 years were included (range 65–98 years); 1,617 
were 65-75 years (median age 69.8 years), and 1,507 were 75 years and older (median age 81.0 
years). Median follow-up time was 7.3 years (interquartile range 4.2-9.7 years). Patient, tumor 
and treatment characteristics by age at diagnosis are shown in Table 1. Patients aged ≥75 years 
had a higher number of comorbid diseases. Moreover, they more often had a higher stage at 
diagnosis, and more often presented with hormone receptor positive tumors. The proportions 
of patients who received a mastectomy and endocrine therapy increased with increasing age, 
whereas axillary surgery, administration of radiotherapy after lumpectomy, and chemotherapy 
decreased. 

When we compared overall survival of the patients in the current study to the expected overall 
survival as based on the corresponding general population, survival of patients in the study 
was lower than in the corresponding general population; the five-years relative survival was 
92.6% (95% CI 90.5-94.5) in patients aged 65-75 years, and 86.4% (95% CI 82.5-90.2) in patients 
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Table 1. Patient, tumor and treatment characteristics by age at diagnosis.
Age 65-75 years

(n=1,617)
Age ≥75 years

(n=1,507) p

n % n %
Comorbid disease <0.001

0-1 919 56.8 602 39.9
2 to 4 584 36.1 721 47.8
≥5 114 7.1 184 12.2

Histological subtype 0.116
Ductal cancer 1,224 75.7 1,092 72.5
Lobular cancer 169 10.5 175 11.6
Other/unknown 224 13.9 240 15.9

Histological grade (BR) 0.813
Grade 1 226 14.0 195 12.9
Grade 2 492 30.4 468 31.1
Grade 3 391 24.2 358 23.8
Unknown 508 31.4 486 32.2

Hormone-receptor status <0.001
Positive 1,018 63.0 1,045 69.3
Negative 256 15.8 232 15.4
Unknown 343 21.2 230 15.3

TNM stage <0.001
In situ 137 8.5 61 4.0
I 685 42.4 373 24.8
II 627 38.8 803 53.3
III 113 7.0 204 13.5
Unknown 55 3.4 66 4.4

Most extensive breast surgery <0.001
Mastectomy 786 48.6 1,161 77.0
Wide local excision 831 51.4 346 23.0

Most extensive axillary surgery <0.001
ALND 870 53.8 913 60.6
SLNB 489 30.2 288 19.1
None 258 16.0 306 20.3

Radiotherapy after wide local excision <0.001
Yes 751 90.4 238 68.8
No 80 9.6 108 31.2

Endocrine therapy <0.001
Yes 550 34.0 704 46.7
No 1,067 66.0 803 53.3

Chemotherapy <0.001
Yes 123 7.6 37 2.5
No 1,494 92.4 1,47 97.5

BR: Bloom Richardson; ALND: axillary lymph node dissection; SLNB: sentinel lymph node biopsy.

aged ≥75 years. This is depicted in Figure 1. This means that patients in the study had an 
excess risk of death, which can be attributed to breast cancer. We calculated the excess risk 
of death of patients in the current study as the difference between the observed and expected 
number of deaths, divided by the total person-years. Among patients aged 65-75 years, 261 
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deaths occurred in 7470 person-years; among patients aged ≥75 years, 659 deaths occurred 
in 5894 person-years. The expected numbers of deaths were 147 and 496, respectively. Hence, 
the excess risk of death in patients aged 65-75 years was 15.2/1000 person-years, and 27.7/1000 
person-years in patients aged ≥75 years. To compare whether the excess risk of death differed 
between both age groups, we calculated the relative excess risk of death. As shown in Table 2, 
the relative excess risk of death for patients aged ≥75 years as compared to patients aged 65-75 
years was 1.88 (95% CI 1.25-3.83). Multivariable analyses confirmed a higher relative excess 
risk of death for patients aged ≥75 years (1.72 (95% CI 1.21-2.44)). As patients aged ≥75 years 
more often presented with a higher stage of disease, additional analyses were stratified by stage 
(Supplementary table). In patients with early stage breast cancer, again patients aged ≥75 years 
had a higher relative excess risk of death. Comparable results were observed in patients with 
advanced stage breast cancer, however these results were not statistically significant.

Table 2. Excess risk of death in elderly patients with breast cancer as compared to the corresponding general 
population, by age at diagnosis.

5-years relative 
survival %

Excess risk of 
death / 1000py

Univariate relative 
excess risk of death 

(95% CI)
p

Multivariable* relative 
excess risk of death 

(95% CI)
p

Age 0.002 0.003
65-75 years 92.6 15.2 1 (reference) 1 (reference)
≥75 years 86.4 27.7 1.88 (1.25-2.83) 1.72 1.21-2.44)

CI: confidence interval. * Multivariable analyses were adjusted for comorbidity, combined TNM stage, hormone 
receptor status, histological subtype, histological grade, most extensive breast surgery, most extensive axillary 
surgery, radiotherapy, endocrine therapy and chemotherapy.

Figure 1. Survival of elderly patients with breast cancer as compared to the corresponding general population, by 
age at diagnosis.
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During five years of follow-up, 523 patients developed a secondary endpoint, among which 80 
developed a locoregional recurrence; 359 a distant recurrence; and 84 a contralateral breast 
cancer. Median follow-up time for recurrent disease was 5.9 years (interquartile range 2.9-7.9 
years). As shown in Figure 2, for all three endpoints, the cumulative incidence of competing 
endpoints (death or another type of recurrence) was more than twice as high in patients aged 

* Competing events for locoregional recurrence: distant recurrence, contralateral breast cancer, and death due 
to any cause. Competing events for distant recurrence: locoregional recurrence, contralateral breast cancer, 
and death due to any cause. Competing events for contralateral breast cancer: locoregional recurrence, distant 
recurrence, and death due to any cause.
Figure 2. Locoregional recurrence, distant recurrence, contralateral breast cancer and competing events, by age 
at diagnosis.
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Table 3. Risk of locoregional recurrence, distant recurrence and contralateral breast cancer, by age at diagnosis.
5-years 

recurrence, 
n

5-years 
competing

event, n

Univariate
hazard ratio 

(95% CI)
p

Multivariable*
hazard ratio 

(95% CI)
p

Locoregional recurrence 0.065 0.293
65-75 years 33 288 1 (reference) 1 (reference)
≥75 years 47 680 1.52 (0.97-2.37) 1.30 (0.79-2.15)

Distant recurrence 0.023 0.435
65-75 years 179 142 1 (reference) 1 (reference)
≥75 years 180 547 1.30 (1.04-1.65) 1.12 (0.84-1.49)

Contralateral breast cancer 0.061 0.487
65-75 years 53 268 1 (reference) 1 (reference)
≥75 years 31 696 0.61 (0.39-0.95) 0.80 (0.42-1.51)

* Multivariable hazard ratios adjusted for comorbidity, combined TNM stage, hormone receptor status, 
histological subtype, histological grade, most extensive breast surgery, most extensive axillary surgery, 
radiotherapy, endocrine therapy and chemotherapy.
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≥75 years as compared to those aged 65-75 years. As shown in Table 3, the risk of a distant 
breast cancer recurrence increased with increasing age in univariate analysis (hazard ratio 
for patients aged ≥75 years was 1.30 (95% CI 1.04-1.65). However, in multivariable analyses no 
significant differences were observed. Sensitivity analyses for overall recurrence did not alter 
the results (data not shown).

Discussion
The main finding of our study is that the relative survival is lower for breast cancer patients 
aged ≥75 years as compared to patients aged 65-75 years. Patients aged ≥75 years had a higher 
excess risk of death. As the excess risk of death can be attributed to breast cancer, these 
results indicate that patients aged ≥75 years had a higher risk of death from breast cancer as 
compared to patients aged 65-75 years. We found no age-specific differences in the occurrence 
of locoregional recurrence, distant recurrence or contralateral breast cancer.

The design of the current study was based on the results of clinical trial data, which demonstrated 
a higher recurrence risk and worse breast cancer survival with increasing age6;7;17. Our main 
outcome that relative survival is lower among the oldest elderly breast cancer patients is 
confirmed by a previous study in The Netherlands2, and by a population-based study in the 
United States, which showed a decreasing breast cancer specific survival18. However, other 
population-based studies have shown no association between age and breast cancer specific 
or relative survival4;19;20 or even a higher breast cancer specific survival among elderly21;22. 
An explanation for the variation in results between our study and other publications could 
be the discrepancy in choice of endpoints. In the present study, we used relative survival as 
an approximation of breast cancer specific survival. As mentioned, the relative survival is the 
ratio of observed overall survival among patients in the study and the expected overall survival 
in the age-, sex-, and year-matched background file from the general population. Assuming all 
other factors being similar in the study cohort and the background file, the relative survival 
approximates breast cancer specific survival. The major advantage of using this endpoint is 
that there is no need to know the cause of death or cancer specific death data of all patients in 
the cohort, which is often described to be biased or overestimated in cancer registry data10;23. 
In addition, in population-based studies, relative survival has been shown to be comparable to 
cancer specific survival derived from death certificates24.

It is tempting to speculate on the possible explanations of our finding that breast cancer outcome 
deteriorates with increasing age. First, elderly breast cancer patients may be undertreated. Less 
extensive treatment may be the result of careful weighing of the benefits and risk of therapy 
in patients with comorbid disease, but may also result from underestimation of the disease 
in elderly patients. As was shown, patients aged ≥75 years received less often axillary surgery, 
radiotherapy after a lumpectomy, and chemotherapy in particular. Overall, the differences in 
treatment were relatively small. Therefore it is expected that other mechanisms may play a role. 
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Although patients aged 75 years and older presented more often with more advances stages of 
disease, stratified analyse confirmed a worse breast cancer outcome in all stages. Additionally, 
it has been suggested that older patients may respond different to a tumor as well as to a certain 
therapy as compared to younger patients. Patients who are biologically older may experience 
more immunosenescence, and may thereby have an impaired immunoresponse to a tumor, 
which may impair prognosis25. Moreover, concomitant medication use and comorbid disease 
may alter pharmacokinetics of anticancer therapy26. Thus, a biologically older or frailer patient 
may be at higher risk for breast cancer events. Hence, a higher prevalence of biologically older 
or frailer patients among those aged ≥75 years may attribute to a worse breast cancer outcome. 

We expected that the lower relative survival for the oldest elderly would be accompanied 
by an increase in breast cancer recurrence. However, after adjusting for patient and tumor 
characteristics, and after taking into account the risk of competing endpoints, we observed 
no difference in the occurrence of any type of recurrence. Insufficient power due to the 
shorter follow-up time for recurrences (median 5.9 years) and the limited number of events 
may have influenced the results. Another possible explanation could be under registration or 
under diagnosis of recurrent disease in medical files, especially in the frailest patients. From a 
clinical point of view, it is understandable that in an old patient with a history of breast cancer 
who presents with back pain, it is not always desired to further investigate the possibility of 
bone metastases, because either the patient does not wish to receive any therapy or it is not 
likely that life expectancy will be increased by administering further therapy. However, there 
is no literature that reports about this issue, and it would be interesting to investigate this 
prospectively in a future study.

A major strength of this study is the unselected population-based nature and the large number 
of consecutively diagnosed patients who were included; to our best knowledge, the FOCUS-
cohort is the largest population-based cohort comprising elderly breast cancer patients with 
such detailed information. However, this study also has some limitations when interpreting 
the results. As mentioned before, due to the retrospective and observational character of the 
study we cannot exclude the possibility of under registration of recurrent disease. Next to 
breast cancer specific endpoints, it remains important to evaluate the impact of the disease and 
therapy on quality of life and daily functioning. Unfortunately, these data were not available in 
the current study. 

To conclude, breast cancer outcome, in terms of relative survival, deteriorates with increasing 
age among unselected elderly patients from the general population. Of note, this was not 
accompanied by an increased risk of breast cancer recurrence. 
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Supplementary table. Excess risk of death in elderly patients with breast cancer as compared to the corresponding 
general population by age at diagnosis, stratified by stage.

5-years relative 
survival (%)

Excess risk of 
death / 1000py

Univariate relative 
excess risk of death 

(95% CI)
p

Multivariable* relative 
excess risk of death 

(95% CI)
p

Early stage 0.04 0.03
65-74 years 94.5 11.1 1 (reference) 1 (reference)
≥75 years 89.9 19.9 1.86 (1.03-3.36) 1.80 (1.07-2.99)

Advanced stage 0.2 0.2
65-74 years 70.7 68.7 1 (reference) 1 (reference)
≥75 years 60.1 96.4 1.39 (0.85-2.30) 1.42 (0.82-2.44)

CI: Confidence interval. * Multivariable analyses were adjusted for comorbidity, combined TNM stage, hormone 
receptor status, histological subtype, histological grade, most extensive breast surgery, most extensive axillary 
surgery, radiotherapy, endocrine therapy and chemotherapy.

proefshrift.indb   107 2-5-2014   08:13:58



108 Chapter 7

Reference List
 (1)  Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman 

D. Global cancer statistics. CA Cancer J Clin 2011.
 (2)  Bastiaannet E, Liefers GJ, de Craen AJ et al. Breast 

cancer in elderly compared to younger patients in 
The Netherlands: stage at diagnosis, treatment and 
survival in 127,805 unselected patients. Breast Cancer 
Res Treat 2010;124:801-807.

 (3)  Gennari R, Curigliano G, Rotmensz N et al. Breast 
carcinoma in elderly women: features of disease 
presentation, choice of local and systemic treatments 
compared with younger postmenopasual patients. 
Cancer 2004;101:1302-1310.

 (4)  Diab SG, Elledge RM, Clark GM. Tumor characteris-
tics and clinical outcome of elderly women with breast 
cancer. J Natl Cancer Inst 2000;92:550-556.

 (5)  Mell LK, Jeong JH, Nichols MA, Polite BN, 
Weichselbaum RR, Chmura SJ. Predictors of 
competing mortality in early breast cancer. Cancer 
2010;116:5365-5373.

 (6)  van de Water W, Markopoulos C, Van de Velde CJ et 
al. Association between age at diagnosis and disease-
specific mortality among postmenopausal women 
with hormone receptor-positive breast cancer. JAMA 
2012;307:590-597.

 (7)  van de Water W, Seynaeve C, Bastiaannet E et al. 
Elderly postmenopausal patients with breast cancer 
are at increased risk for distant recurrence: a tamoxi-
fen exemestane adjuvant multinational study analysis. 
Oncologist 2013;18:8-13.

 (8)  Stiller CA. Centralised treatment, entry to trials and 
survival. Br J Cancer 1994;70:352-362.

 (9)  Bastiaannet E, Liefers GJ, de Craen AJ et al. Breast 
cancer in elderly compared to younger patients in 
The Netherlands: stage at diagnosis, treatment and 
survival in 127,805 unselected patients. Breast Cancer 
Res Treat 2010;124:801-807.

 (10)  Hu CY, Xing Y, Cormier JN, Chang GJ. Assessing 
the utility of cancer-registry-processed cause of 
death in calculating cancer-specific survival. Cancer 
2013;119:1900-1907.

 (11)  Hakulinen T, Seppa K, Lambert PC. Choosing the 
relative survival method for cancer survival estima-
tion. Eur J Cancer 2011;47:2202-2210.

 (12)  International Society of Geriatric Oncology.  2011. 
  Ref Type: Online Source
 (13)  Yancik R, Wesley MN, Ries LA, Havlik RJ, Edwards 

BK, Yates JW. Effect of age and comorbidity in post-
menopausal breast cancer patients aged 55 years and 
older. JAMA 2001;285:885-892.

 (14)  Dickman PW, Sloggett A, Hills M, Hakulinen T. 
Regression models for relative survival. Stat Med 
2004;23:51-64.

 (15)  Greene FL. AJCC cancer staging manual. 6th edition 
ed. New York: Springers, 2002.

 (16)  Putter H, Fiocco M, Geskus RB. Tutorial in biosta-
tistics: competing risks and multi-state models. Stat 
Med 2007;26:2389-2430.

 (17)  Mamounas EP, Anderson SJ, Dignam JJ et al. 
Predictors of locoregional recurrence after neoadju-
vant chemotherapy: results from combined analysis of 
National Surgical Adjuvant Breast and Bowel Project 
B-18 and B-27. J Clin Oncol 2012;30:3960-3966.

 (18)  Schonberg MA, Marcantonio ER, Li D, Silliman RA, 
Ngo L, McCarthy EP. Breast cancer among the oldest 
old: tumor characteristics, treatment choices, and 
survival. J Clin Oncol 2010;28:2038-2045.

 (19)  Fish EB, Chapman JA, Link MA. Competing causes 
of death for primary breast cancer. Ann Surg Oncol 
1998;5:368-375.

 (20)  Braithwaite D, Satariano WA, Sternfeld B et al. 
Long-term prognostic role of functional limitations 
among women with breast cancer. J Natl Cancer Inst 
2010;102:1468-1477.

 (21)  Du XL, Fox EE, Lai D. Competing causes of death for 
women with breast cancer and change over time from 
1975 to 2003. Am J Clin Oncol 2008;31:105-116.

 (22)  Hanrahan EO, Gonzalez-Angulo AM, Giordano SH 
et al. Overall survival and cause-specific mortality of 
patients with stage T1a,bN0M0 breast carcinoma. J 
Clin Oncol 2007;25:4952-4960.

 (23)  Goldoni CA, Bonora K, Ciatto S et al. Misclassification 
of breast cancer as cause of death in a service screen-
ing area. Cancer Causes Control 2009;20:533-538.

 (24)  Dignam JJ, Huang L, Ries L, Reichman M, Mariotto A, 
Feuer E. Estimating breast cancer-specific and other-
cause mortality in clinical trial and population-based 
cancer registry cohorts. Cancer 2009;115:5272-5283.

 (25)  Fulop T, Kotb R, Fortin CF, Pawelec G, de AF, Larbi A. 
Potential role of immunosenescence in cancer devel-
opment. Ann N Y Acad Sci 2010;1197:158-165.

 (26)  Hurria A, Lichtman SM. Clinical pharmacol-
ogy of cancer therapies in older adults. Br J Cancer 
2008;98:517-522.

proefshrift.indb   108 2-5-2014   08:13:58


