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A B S T R A C T

Purpose of study: To describe the association between increasing age and survival among women aged over 65
years, diagnosed with breast cancer.
Materials and methods: A historical prospective cohort study, comparing 3270 breast cancer patients to 13,163
non cancer age matched controls. Baseline characteristics and cancer data gathered from the Israeli Central
Bureau of Statistics (1995), the Israel Cancer Registry (2000–2010). Baseline measurements included age, so-
cioeconomic status. Cancer stage at diagnosis was clustered as stage I, stage II–III and metastatic. Cox
Proportional Hazards regression models were used to determine Hazards Ratios (HR) for mortality.
Results: Between ages 65–69 and ≥85, metastatic disease rose from 3.9% to 23.4% and stage I disease declined
from 58.6% to 30.1%. At age 80–84, 50% life expectancy among controls, stage I, and stage II–III disease was
95,92 and 90 months respectively, compared to 2 months for metastatic disease. Compared to controls, between
the age 65–69 to ≥85, adjusted HR’s progressively decreased among subjects with stage I from HR 0.96 (95% CI
0.69–1.33) to 0.60 (95%CI 0.36–1.01), stage II–III from HR 3.26 (95%CI2.58–4.12) to HR 1.60 (95%CI
1.22–2.09), and metastatic disease from HR 57.40 (95%CI 39.56–83.29) to HR 20.76 (95%CI 14.73–29.24).
Conclusions: This study describes the increasingly poor prognosis and short life expectancy observed among
women aged ≥80 diagnosed with metastatic breast. In contrast, our findings confirm the positive prognosis
associated with rising age, among older women presenting with stage I breast cancer, among whom survival was
similar, if not slightly better, than non-cancer age matched controls.

1. Introduction

Aging is a dominant risk factor for the development of cancer, and
the number of older individuals with cancer is increasing, reflecting
both the demographics of global aging, as well as continued advances in
early detection and treatment of cancer (Rowland & Bellizzi, 2014;
Schonberg, 2016; Schonberg, Silliman, McCarthy, & Marcantonio,
2012). Breast cancer is among the leading cancers in developed coun-
tries, with the incidence reaching its maximum among women 75–79
years of age (Silliman, 2009).

In order to rationally approach decision-making in breast cancer
treatment among the elderly, it is important to anchor decisions with
both quantitative estimates of life expectancy and risks of death. Data
from the overall population indicates that the mean 5-year survival is
greater than 80% for women diagnosed with breast cancer in Europe
and over 90% in the United States (Rosso et al., 2010). Unfortunately,
the more advanced the patients’ age group, the less evidenced-based
data there is available to make decisions concerning treatment efficacy
(Schonberg et al., 2012). This is due to the consistent under re-
presentation and minimal participation of older patients in well-
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designed studies (Lichtman et al., 2007; Scher & Hurria, 2012). For
example, the Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) incorporates all data from individuals 70 years and older as
one homogenous group, thus making modeling and generalizability
challenging for individuals that are much older (Early Breast Cancer
Trialists' Collaborative Group, 2011). The lack of certainty concerning
survival among older women with breast cancer, particularly those over
80 years old, is compounded by conflicting data from heterogeneous
age groups, various stages of illness, and lack of matched controls
(Schonberg et al., 2010).

Like many other developed countries, breast cancer is the leading
cancer among women in Israel, with an age adjusted incidence rate of
96.8/100,000 cases per year which is higher than the average rate
among OECD countries (71.6/100,000) (State of Israel Ministry of
Health Breast Cancer Data, 2010). Comprehensive health care coverage
in Israel is a universal right of all citizens, is highly accessible, and is
accepted as meeting the standards of Western medicine
(Chernichovsky, 2009). The aim of the current study is to examine
differences in survival among older women diagnosed with breast
cancer, according to age and disease stage at time of diagnosis. To reach
this end, we used nationwide data from the Israeli National Census, the
Israel National Cancer Registry, and the Israeli Population Registry, to
describe the survival of women aged 65 and older when diagnosed with
breast cancer, according to cancer staging at diagnosis, and stratified
into 5-year age groups, in comparison to a matched non-cancer control
group.

2. Materials and methods

2.1. Study population

Israel is a small country; it is approximately 470 km long, and
135 km at its widest point, with a population of approximately 8 million
people. This study is a nested case control study with cohort inception
and baseline measurement from the Israeli Central Bureau of Statistics
1995 census (Rottenberg, Zick, Barchana, & Peretz, 2013). The study
frame population includes two population groups: 1) a representative
sample of the whole population who completed a comprehensive in-
terview (20% of all the population in Israel) and 2) the entire popula-
tion of northern Israel. These two groups were merged into a single
database in order to avoid duplication. The final database consisted of
2,337,375 persons and encompassed an estimated more than one third
of the entire population in Israel. Only women were included in the
current study.

2.2. Subjects with Breast cancer

Data on cancer incidence was ascertained using the Israel National
Cancer Registry updated to 2010. Completeness of the registry was
found to be about 95% for solid tumors (Barchana, Liphshitz, & Rozen,
2004). All patients who were diagnosed with breast cancer, aged 65
years old and more at time of diagnosis between January 2000 and
December 2010, were included in the current study. Breast cancers
were clustered as stage I,stage II–III (tumor larger than 5 centimeters or
breast cancer cells found in the lymph nodes) or metastatic disease. A
total of 4966 women were identified with breast cancer between the 1st
January 2000–31st December 2010, of whom 1696 had missing data
concerning staging or incomplete data. The resulting 3270 women with
breast cancer were included in the study.

2.3. Controls

Non-cancer controls were randomly sampled in ratio 1:4 from the
general population group according to 5 year age groups (65–69,
70–74, 75–79, 80–84,> 85 years). Controls with a diagnosis of any
cancer, or who had died before diagnosis of the matched breast cancer

patient, were excluded. Matching using five-year age groups resulted in
13,163 non-cancer controls.

2.4. Study variables

Variables assessed in relation to mortality risk after diagnosis of
breast cancer included: age; staging at diagnosis (stage I, stage II–III,
metastatic); socio-economic status based upon residential location ac-
cording to a verified national classification, (continuous variable
graded 1–10 from lowest to highest status) (Levine et al., 2013); and
ethnicity (self-defined Jewish vs. Non-Jewish). For persons in the non-
cancer control group, follow-up was defined based on the time of di-
agnosis of the match to the cancer patient.

2.5. Survival outcome

Start of follow-up was from the date of diagnosis (between
January1st 2000–December 31st 2010) until date of death or December
31st 2011, whichever was first. Mortality data were collected from
January 1st 2000–31st December 2011, thus resulting in a maximum
possible follow-up of 144 months (12 years), and a minimum potential
follow-up of 12 months.

2.6. Statistical analyses

We compared survival by age groups using Kaplan-Meier curves,
and determined survival time (months) at 25%, 50%, and 75% per-
centiles. To examine the impact of cancer stage upon mortality, we
constructed Cox Proportional Hazards regression models, stratified per
age groups (ages group: 65–69, 70–74, 75–79, 80–84 and 85 years and
more), adjusting for cancer stage, socio-economic status and ethnicity.
We verified the proportional hazards assumption by inspecting log-
minus-log plots. Mortality Hazards (HR) ratios were calculated in re-
ference to the control group (HR=1.0). For all analyses p < 0.05 was
considered statistically significant. The SPSS program (15th version;
Chicago, Illinois) was used for the statistical analysis. This study was
approved by the Committee on Human Research at the Hadassah
Hebrew University Medical Center.

3. Results

A total of 3270 breast cancer patients and 13,163 matched controls,
aged> 65 years old, were included in the current study. During the
follow-up period, the overall mortality among the breast cancer pa-
tients was 27.95% (n=914/3270) compared to 20.3% (n=2677/
13163) among the controls. The overall frequency at diagnosis of stage
I, stage II–III or metastatic breast cancer was 56.7%, 37.0%, and 6.3%
respectively. Between ages 65–69 and≥85, metastatic disease rose
from 3.9% to 23.4% (p < 0.001), stage I disease declined from 58.6%
to 30.1% (p < 0.001), and stage II–III disease at diagnosis increased
from 37.4% to 46.4%(p=0.04, Table 1). Certain differences between
control, stage I, stage II–III, and metastatic disease at each age group
were observed for socioeconomic status, ethnicity, and duration of
follow-up: poor socioeconomic status was generally least frequent
among subjects with stage I, Jewish ethnicity was generally more
common among women with cancer, and duration of follow-up con-
sistently declined with advancing cancer stage.

As seen in Fig. 1, survival curves among women with stage I breast
cancer at diagnosis were identical to controls at ages 65–69. With ad-
vancing age survival was actually observed to be greatest among
women with stage I breast cancer, such that by age> 85 years the 25%,
50%, and 75% percentile life expectancy for controls was 29, 54, and
86 months versus 40, 68, and 101 months for stage I breast cancer
(Table 2). While survival was consistently worse among individuals
with stage II–III breast cancer at diagnosis, the magnitude of the dif-
ference was observed to gradually decline with rising age. In contrast,
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metastatic disease at diagnosis remained a very poor prognostic factor,
with 25%, 50%, and 75% percentile life expectancy at ages 80–84
and>85years being 0, 2, 12 months and 0, 0, 3 months respectively.

The results of Cox proportional hazards regression modeling for all-
cause mortality analyses, stratified by age groups and adjusted for
ethnicity and socio-economic status, are shown in Table 2. Compared to

the non-cancer controls, stage I breast cancer subjects had a non sig-
nificant decreased risk of death throughout follow-up, which actually
achieved a borderline significance beyond age 85 with an adjusted
HR=0.60 (95%CI: 0.36–1.01). The adjusted HR’s associated with
stage II–III breast cancer gradually declined in magnitude with rising
age, from an adjusted HR 3.26 (95%CI: 2.58–4.12) at age 65–69, to an

Table 1
Baseline Characteristics according to age and breast cancer stage.

Age 65–69 Age 70–74 Age 75–79 Age 80–84 Age ≥85 Total (Age ≥65)

Controls (n) 4052 4096 2564 1607 844 13163
Socioeconomic status (low) 672 (16.6%) 619 (15.1%) 319 (12.4%) 172 (10.7%) 72 (8.5%) 1854 (14.1%)
Ethnicity Jewish 3217 (79.4%) 3437 (83.7%) 2251 (78.8%) 1444 (89.9%) 779 (92.3%) 11128 (84.5%)
Follow up (months) 70.1 66.2 67.1 59.0 42.4 65.4
Mortality n(%) 331 (8.2%) 592 (14.5%) 665 (22.9%) 641 (39.9%) 448 (53.1%) 2677 (20.3%)

Total Cancer (n) 1013 1024 641 383 209 3270

Stage I (n) 594 (58.6%) 651 (63.6%) 352 (54.9%) 193 (47.7%) 63 (30.1%) 1853
Socioeconomic status (low) 71 (12.0%) 63 (9.7%) 18 (5.1%) 10 (5.2%) 5 (7.9%) 167 (9.0%)
Ethnicity Jewish 531 (89.4%) 599 (92.0%) 337 (95.7%) 184 (95.3%) 57 (90.5%) 1708 (92.2%)
Follow up (months) 69.9 66.3 69.1 58.2 36.9 66.1
Mortality n(%) 43 (7.2%) 74 (11.4%) 73 (20.7%) 72 (37.3%) 19 (30.2%) 281 (15.3%)

stage II–III (n) 379 (37.4%) 340 (33.2%) 245 (38.2%) 150 (41.3%) 97 (46.4%) 1211
Socioeconomic status (low) 59 (15.6%) 36 (10.6%) 20 (8.2%) 13 (8.7%) 5 (5.2%) 133 (11.0%)
Ethnicity Jewish 327 (86.3%) 309 (90.9%) 229 (93.5%) 141 (94.0%) 93 (95.9%) 1099 (90.8%)
Follow up (months) 67.8 60.9 60.1 54.4 35.1 60.0
Mortality n(%) 97 (25.6%) 108 (31.8%) 107 (43.7%) 67 (44.7%) 65 (67.0%) 444 (36.7%)

Metastatic Cancer (n) 40 (3.9%) 33 (3.2%) 44 (6.9%) 40 (11.0%) 49 (23.4%) 206
Socioeconomic status (low) 5 (12.5%) 6 (18.2%) 3 (6.8%) 4 (10.0%) 4 (8.2%) 22 (10.7%)
Ethnicity Jewish 36 (90.0%) 24 (72.7%) 42 (95.5%) 37 (92.5%) 47 (95.5%) 186 (90.3%)
Follow up (months) 22.3 17.3 16.8 14.8 4.4 14.6
Mortality n(%) 37 (92.5%) 28 (84.5%) 39 (88.6%) 37 (92.5%) 48 (98.0%) 189 (91.7%)

p valuea

Socioeconomic status (low) 0.04 < 0.001 <0.001 0.10 0.72
Ethnicity Jewish < 0.001 <0.001 <0.001 0.04 0.42
Follow up (months) < 0.001 <0.001 <0.001 <0.001 <0.001

a Among controls, stage I, stage II–III and metastatic disease at each age group.

Fig. 1. Kaplan-meier curves for overall survival in years among the study groups (blue: non cancer population; green: early; orange: intermediate; purple: metastatic breast cancer).
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adjusted HR of 1.20 (95%CI: 1.22–2.09) at age 80–84, slightly rising
again beyond age 85. Metastatic disease was strongly associated with
mortality at all ages.

4. Discussion

This is the first study of a population-based Israeli national sample
of older women comparing the survival of 3270 women with breast
cancer according to stage at diagnosis, to 13,163 age-matched non-
cancer controls. The findings underline the poor prognosis of older
women with metastatic disease, in particular the very short life ex-
pectancy observed beyond age 80 years. In contrast, our findings
highlight the similar survival of older women with stage I breast cancer
compared to non-cancer controls, and actually describe a trend towards
reduced mortality risk with advancing age among women with stage I
disease at diagnosis. Furthermore, stage II–III disease among older
women became a less powerful predictor of mortality with rising age.

Within the current study, older women were more likely than
younger women to present with metastatic disease. Israel’s national
mammography program is limited to those under the age of 75 (Eilat-
Tsanan et al., 2001). Thus, the ratio between stage I and advanced
stages at diagnosis is anticipated to decrease above the age of 75 years
old. Other possible explanations for these findings may be changes in
perception of body and health with increasing age, increased threshold
for suspected mass evaluation, higher prevalence of cognitive impair-
ment, and a modification in the biology of breast cancer among the very
old. It is well documented that elderly patients more frequently present
with larger and more advanced tumor (Tew, Muss, Kimmick, Von
Gruenigen, & Lichtman, 2014). On the other hand literature suggests
that, in comparison to younger postmenopausal women with breast
cancer, more favorable biologic characteristics are common among the
elderly population despite larger tumor size at presentation (Tew et al.,
2014). Previous studies which have described both late diagnosis and
metastatic diseases at diagnosis among elderly patients have not ana-
lyzed specific age groups (Arndt et al., 2002; Diab, Elledge, & Clark,
2000; Møller et al., 2010). Nonetheless, an overall pattern of poorer
breast cancer survival in the over 70′s was observed in European po-
pulations (Møller et al., 2010). In the light of the current study we
suggest that diagnosis of metastatic disease beyond the age of 80 years
old has a huge negative impact, considering poorest prognosis of me-
tastatic disease among the elderly population, particularly the oldest
old.

In the current study, data concerning treatment was not ascertained,
and all-cause mortality thus included both treated and untreated
women with breast cancer. The inclusion of untreated subjects in the
study may well have introduced a bias, most likely in the direction of
shortening observed survival time. The exclusion of untreated subjects
from the data would, in all likelihood, further emphasize our findings
that stage I and most stage II–III breast cancer have similar survival

times compared to their age matched non-cancer controls. The finding
that stage I breast cancer, particularly amongst the oldest old, tended to
be associated with improved survival, suggests that diagnosis might
have been performed among the most robust of older subjects, and
perhaps was a surrogate marker for those receiving the most compre-
hensive and highest quality of care.

The decision to initiate treatment for breast cancer among older
women inevitably requires a comprehensive assessment of the geriatric
aspects of patient care, and the growing recognition of the need for an
oncogeriatric approach is reflected in recent guidelines concerning care
of elderly cancer patients (Cesari et al., 2011). The value of compre-
hensive oncogeriatric assessment will clearly lie in its ability to risk-
stratify older patient populations, and address competing comorbid-
ities. Increased research is necessary to improve tools aimed at identi-
fying those robust elderly patients most likely to tolerate treatment, as
well as the ability to streamline certain patients for purely supportive
palliative care.

The median survival among women with metastatic breast cancer in
our study was about one year up to age 74 years old. In the literature,
the median survival among metastatic breast cancer is higher (O’brien
et al., 2004; Swain et al., 2013) even among the elderly population (Del
Mastro et al., 2005). For example, a median overall survival of 15.9
months was reported among 34 patients (median age, 74 years; range,
70–84 years) who were treated with oral Vinorelbine as first line
treatment (Addeo et al., 2010). Nonetheless, elderly individuals are
under-represented in well-designed studies (Early Breast Cancer
Trialists' Collaborative Group, 2011), which tend to exclude subjects
with very advanced age, frailty, high comorbid burden, cognitive de-
cline, and nursing home status (Cesari et al., 2011). Indeed, overall
survival in unselected cohorts of metastatic breast cancer patients
seems inferior to survival among clinical trials (Andre et al., 2004). The
lack of exclusion criteria and thus apparent lack of selection bias in our
study may well explain the worse prognosis of metastatic disease ob-
served in the current study.

Under-treatment and poor compliance may also explain the poor
outcomes among older women with metastatic breast cancer. Among
older women, approximately 90% of breast cancers are estrogen re-
ceptor positive (Engels et al., 2016; Richards et al., 2016) and hormonal
treatment can be prescribed for almost every patient. Nonetheless, re-
luctance to initiate systemic treatment among the elderly is common
and requires understanding. Treatment side-effects can present in this
population in an atypical way and unaddressed toxicity may decrease
compliance (Biganzoli et al., 2012). Indeed, poor compliance is more
common among older breast cancer patients, and has been reported in
hormonal and oral bisphosphonates treatments (Biganzoli et al., 2012).
Other barriers to optimal treatment may include transportation issues
among older breast cancer patients (Enger et al., 2006). The poor
prognosis of metastatic breast cancer, particularly among the oldest old,
is a call for early integration of palliative care. Early palliative care has

Table 2
Upper, middle, and lower quartiles of life expectancy and adjusted≠ all- cause mortality hazards ratios according to breast cancer stage compared to non cancer controls, stratified
according to increasing age.

Age controls stage I stage II-III metastatic

25/50/75%
survival (months)

HR (95%CI) 25/50/75%
survival (months)

HR (95%CI)a 25/50/75%
survival (months)

HR (95%CI)a 25/50/75%
survival (months)

HR (95%CI)a

65–69 NR/NR/NR 1.0 NR/NR/NR 0.96 (0.69−1.33) 79/NR/NR 3.36 (2.58−4.12)** 3/12/42 57.40 (39.56–83.29)**

70–74 114/NR/NR 1.0 133/NR/NR 0.81 (0.63−1.04) 58/NR/NR 2.51 (2.03−3.10)** 2/11/24 31.39 (21.14–46.63)**

75–79 79/NR/NR 1.0 93/135/NR 0.80 (0.62−1.03) 48/89/140 1.94 (1. 6−2.4)** 1/17/27 17.55 (12.60−24.48)**

80–84 51/95/NR 1.0 51/92/146 0.97 (0.75−1.3) 39/90/139 1.20 (0.29−1.55) 0/2/12 11.52 (8.13–16.32)**

≥85 29/54/86 1.0 40/68/101 0.60 (0.36−1.01) 14/71/78 1.60 (1.22−2.09)* 0/0/3 20.76 (14.73−29.24)**

NR: not reached during the time of follow-up.
* p < 0.01.
** p < 0.0001.
a HR: Hazards Ratio(95% Confidence Intervals) adjusted for socioeconomic status and ethnicity.
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been shown to improve both quality of life and mood among patients
with metastatic lung cancer. Furthermore, patients receiving early
palliative care not only had less aggressive care at the end of life, but
actually experienced longer survival in comparison to patients receiving
standard care (Temel et al., 2010).

The current study has several strengths. The current study template,
using a high quality dataset and high degree of completeness of the
cancer registry data throughout study period have enabled near com-
plete ascertainment of the study's variables and endpoints. In addition,
large sample size and data on ethnicity and residential socio-economic
position allow us to correct the results for potential confounders. Taking
into account the comprehensive health coverage within the Israeli
health system (Chernichovsky, 2009) and the correction for socio de-
mographic variables, the possibility of health inequality as being a
strong confounder is unlikely.

Our study has some limitations. Data on competing comorbidities
and functional status were lacking, inclusion of which into the analyses
would have further helped determine prognostic markers. Since there
may be a positive correlation between cancer diagnosis and impaired
functional and health status, the probability of rejecting the null hy-
pothesis increases. Thus, following adjustment for functional and health
status, the survival of older women with stage I breast cancer compared
to non-cancer controls may be even better than our estimate. In addi-
tion, data was unavailable concerning the biological features of the
cancer, suggested treatment plans, or compliance among the study
subjects. However, individualized assessment of prognosis and treat-
ment options is indicated on the basis of biologic characteristics, patient
preferences and comprehensive geriatric assessment (Arndt et al., 2002;
Cesari et al., 2011). Presentation of survival data by quartile in the
current study (Table 2) can serve as a tool for integrative assessment or
proxy of these variables.

Lastly, we examined all-cause mortality data alone, and did not
include cancer-specific mortality data. However, amongst the older
population the accuracy of disease specific mortality from death certi-
fication is unreliable, particularly in the presence of rising comorbidity.

5. Conclusion

In conclusion, this study emphasizes the heterogeneity with in-
creasing age, including increased variability in stages at diagnosis and
the impact of breast cancer on life expectancy. On a more practical
note, the current study highlights the need for ‘personalized medicine’
rather ‘one size fits all’ for older people, and our findings might support
the possibility of considering screening mammography for selected
women above the age of 75 years old. Further studies are needed in
order to confirm our results in other populations and to clarify the
impact of specific interventions on the life expectancy of these patients.
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