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Optimising the Management of Breast Cancer in Older Patients 
 

Mohammad Tahir 

Abstract 

 

This study aimed to optimise the treatment of early breast cancer in 

older patients. It tested the hypothesis that comprehensive geriatric 

assessment (CGA) could be used to predict two-year survival in older 

breast cancer patients. Based on the CGA scoring a treatment algorithm 

was devised that could help in recommending whether primary 

endocrine treatment (PET) or surgery plus endocrine treatment would 

be best indicated in individual patients. 

 

Methods: The study included women >70 years of age with early breast 

cancer, seen in a dedicated Leicester clinic between 01/2005 and 

04/2007. All patients had comprehensive assessment including 

documentation of Satariano Index of Co-morbidities (SIC), Mini-Mental 

State Examination (MMSE), Geriatric Depression Score (GDS), Activities 

of Daily Living (ADL), Instrumental Activities of Daily Living (IADL) and 

American Society of Anaesthesiologists (ASA) grade.  Logistic 

regression analysis explored any association between these components 

and two-year survival. Components with positive association were 
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formulated into a Breast Cancer in Elderly Treatment Algorithm 

(BCETA). 

 

Results: 123 patients were included, age range 70-94 (median-82). 

Twenty-two patients died within two years. Logistic regression analysis 

found MMSE, ADL, and ASA score to have an independent association 

with two-year survival. The scores of these components were 

formulated into a BCETA. Logistic regression revealed a statistically 

significant association between the BCETA score and two-year survival 

(p-value 0.00). Other results for the BCETA prognostic model were: 

sensitivity 89%, specificity 46%, positive predictive value 87%, 

negative predictive value 52%, odds ratio 7.1 (95% CI 2.5-20.2), and 

overall accuracy of 81%. C-statistic value (area under ROC curve) for 

the BCETA score was 0.70. 

 
Conclusion: Breast Cancer in Elderly Treatment Algorithm is a new 

approach to optimise the management of breast cancer in elderly 

patients. It can help in identifying high-risk patients with expected 

short-survival who may benefit from PET, if their cancer is hormone 

receptor positive. Patients with predicted longer life expectancy (low-

risk) may be recommended standard treatment. Further studies are 

needed to validate it in a larger population. 
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1.1 Introduction to breast cancer 
 

 
Breast cancer is the most common cancer in the United Kingdom (UK) 

(excluding non-melanoma skin cancer), affecting more than 45,500 

women each year [1]. The lifetime risk of being diagnosed with breast 

cancer in women is one in eight [2]. The incidence of breast cancer 

increases with age; more than 80% of breast cancer occurs in women 

above the age of 50 and 35% above 70 years of age [3]. With the 

increasingly aged population it is becoming a major health problem in 

older people.   

 

Since the start of screening mammography services, breast cancer is 

detected in many women at the pre-invasive stage i.e. ductal carcinoma 

in situ (DCIS), or early invasive stage. Early detection and 

improvements in breast cancer treatment have resulted in much 

improvement in the prognosis for breast cancer. The estimated five-

year survival rate for women diagnosed in England and Wales in the 

1970s was around 50%, whereas now it is closer to 80% [1]. In 

patients whose cancer is picked up early due to screening, their five-

year survival approaches 93% [2]. However, despite its good prognosis, 

breast cancer is still the second leading cause of cancer deaths in 

women. 
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1.2 Basic pathology of breast cancer   

 

Cancer develops via a process in which normal cells go through stages 

that eventually change them to abnormal cells that multiply out of 

control. Historically, breast cancer progression was seen as a multi-step 

process, encompassing progressive changes from normal, to 

hyperplasia with and without atypia, carcinoma in situ, invasive 

carcinoma, and metastasis. [4]. Whilst most of the concepts regarding 

the morphologically defined breast cancer precursor lesions remain 

valid, immunohistochemistry and molecular genetics have changed the 

way that the breast cancer multi-step model is seen [4]. 

 

Simpson et al. [5] suggested that the development of breast cancer 

comprises two different arms with their own pathways; a low-grade & a 

high-grade arm. In the low-grade arm there is progression of atypical 

ductal/lobular hyperplasia to well-differentiated ductal/lobular 

carcinoma in situ (DCIS/LCIS), which in turn progresses to grade I 

invasive ductal/lobular carcinoma (IDC/ILC). Whereas in the high-grade 

arm poorly differentiated DCIS develop into grade III IDC. A high 

percentage of ‘Low-grade arm’ cancers are oestrogen receptor (ER), 

progesterone receptor (PgR) positive and human epidermal growth 
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factor receptor-2 (HER-2) negative. ‘High-grade arm’ cancers tend to 

show more nuclear atypia, are normally ER and PgR negative, and may 

be positive for HER-2 [6]. However, the majority of breast cancers (30-

60%) contain a blend of histological features common to both low-

grade (well-differentiated) and high-grade (poorly-differentiated) 

tumours. These are referred to as ‘intermediate-grade breast cancers.’ 

Data from molecular and genetic studies suggest that these tumours do 

not represent an independent disease subtype, but a blend of low-grade 

and high-grade cancers [7]. 

 

The progressive pattern suggested by Simpson et al. [5] is not 

necessarily followed in all cases of breast cancer. Some cancers may 

never progress beyond in situ disease [8]. The available data [9,10] 

suggests that about one in three patients with ductal carcinoma in situ 

will develop invasive cancer over the course of 10 years; however, the 

risk of progression varies with grade; about 60% of low grade DCIS will 

become invasive cancer after 40 years of follow-up, whereas half of 

high grade DCIS will become invasive cancer after seven years [11]. 

  

Generally breast cancer is a slow growing cancer and local disease 

rarely causes any life threatening problems especially during the first 

two or three years. There are some aggressive variants such as 
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inflammatory and metaplastic breast cancer, but they are rare. The 

actual threat to survival in breast cancer is the metastatic disease i.e. 

when the disease spreads beyond the axillary lymph nodes to other 

organs such as bone, lung, liver and brain. Metastatic disease is 

detectable only in a small portion (~10%) of breast cancers at the time 

of diagnosis and the average period of survival after its diagnosis is 18-

24 months, though this varies widely between patients [12]. 

 

1.3 Breast cancer and older patients 

 

Older women constitute a significant proportion of breast cancer 

patients, with more than one third of breast cancer cases currently 

diagnosed in women above the age of 70 years [2]. The older 

population is expected to grow further with improvements in healthcare 

and increase in life expectancy [13], which will result in an increasing 

number of breast cancer cases in this age group. Figure 1.1 [2] shows 

the incidence of breast cancer by age in the UK.   

 

In the last few decades, breast cancer patients have seen significant 

advances in care, including improvements in early detection, surgical 

techniques, radiotherapy, endocrine therapy and chemotherapy as well 

as Herceptin and related biological agents. These improvements have 
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led to a significant decline in overall breast cancer mortality. In the 

1970s, around five out of ten breast cancer patients survived beyond 

five years, now it is eight out of ten [2]. However, sub-group analysis 

by age, shows that only younger patients have benefited from the 

decline in breast cancer mortality. Breast cancer-specific mortality and 

overall mortality remain unchanged in older women, who have seen no 

major improvement in their breast cancer diagnosis or treatment 

strategies [14]. Figure 1.2 & 1.3 [2] shows breast cancer mortality 

rates between 1971 and 2007. The rate fell significantly in patients 

younger than 70 years, but remains almost unchanged in women above 

the age of 70. This may be due to several possible contributing factors 

such as: other causes of death predominate in older patients, which 

may dilute the effect of any decline in mortality from breast cancer; 

lack of screening in older women and delayed presentation resulting in 

a more advanced stage disease at diagnosis [15]; or differences in 

treatment with age [16,17].  
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[Figure 1.1, 1.2 courtesy of Cancer Research UK] 

 

screened age group 
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[Courtesy of Cancer Research UK] 

 

1.4 Treatment of early breast cancer 

 
1.4.1 Standard treatment and issues in the treatment of older 
patients 
 

Standard treatment for early breast cancer is surgery +/- radiotherapy 

+/- systemic therapy, depending on tumour size/extent (relative to 

breast size), site, and detailed histological features; however, it needs 

to be tailored to the patient's wishes and physical limitations. 
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The evidence on which standard treatment protocols are based is 

derived from trials and studies into which older patients were not often 

recruited, and extrapolation of the results from these studies to a 

different, older, population may not be appropriate. Older patients have 

a greater incidence of co-morbidity and functional dependence [16] and 

in certain circumstances reduced fitness and/or life expectancy may 

demand modifications from standard treatment. Surgery for breast 

cancer has very low mortality [18] and deaths directly due to surgery 

are rare, therefore it can be argued that life expectancy is more 

important than fitness for surgery in considering treatment options, 

whether the patient will survive long enough to benefit from the 

treatment offered. Thorough assessments and analysis of risks/benefits 

involved should guide treatment decisions in older patients, to ensure 

that they receive optimal treatment for their breast cancer.  

 

1.4.2 Surgery 

 

Surgery provides local treatment in breast cancer, often with the help of 

radiotherapy. Treatment of local disease, though it may not have any 

effect on short-term survival, significantly affects long-term survival in 

breast cancer patients [19,20]. Breast cancer surgery can be in the 

form of breast conservation surgery or mastectomy, with axillary 
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surgery in both cases. Breast conserving surgery with radiotherapy is 

the standard of care for early breast cancer. It has a similar outcome in 

terms of disease free survival and overall survival as mastectomy [21]. 

Mastectomy is appropriate for breast cancer patients: who cannot have 

radiotherapy or do not want radiotherapy, with multi-focal 

disease/extensive DCIS or a single large/central cancer, or who chose 

to have mastectomy over breast conserving surgery [22].  

 

Axillary lymph node dissection (ALND) has been used to both stage and 

treat axillary disease in breast cancer. Now, with sentinel node biopsy 

(SNB), there is a trend towards staging surgery and then a second 

treatment operation if needed. Recently, with the use of pre-operative 

axillary ultrasound + FNA/core biopsy, some node-positive cases can be 

identified, and these can then proceed to a treatment axillary operation 

at the same time as operation for the breast cancer itself [23]. Also, 

axillary lymph nodes status in breast cancer provides important 

prognostic information, and helps in deciding the need for adjuvant 

treatment. Lymph node positive status and the number of nodes 

containing metastasis are associated with an increased risk of local 

recurrence and disease progression [24]. 
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1.4.3 Surgery in older breast cancer patients 

 

In the UK, there has been a trend towards treating older breast cancer 

patients with hormonal treatment alone based on the premise that they 

are less likely to be fit for surgery because of co-morbidity [25]. 

However, compared to surgery for many other cancers (Bowel, Lung, 

Renal & Gynaecological cancers), breast cancer surgery has a low 

morbidity and mortality; even in elderly patients mortality ranges from 

0-0.3% [18,26,27]. Many older patients, who are unfit for general 

anaesthesia, can have the surgery under local anaesthetic.  

 

Surgery for early breast cancer in older patients can be in the form of 

breast conservation or mastectomy with or without axillary node 

dissection. Breast conservation surgery is associated with a better 

quality of life [28] and is preferred by most elderly patients [29]; 

however, available data suggest that they are less likely to receive such 

treatment [30,31].  Later presentation, and tumours being large 

relative to the size of the older woman’s atrophied breast will contribute 

to mastectomy. Some older women chose mastectomy because they 

don’t want the possibility of a second operation if wide excision margins 

are inadequate.  In older patients with early stage, hormone receptor 

positive breast cancer, axillary lymph nodes status may not affect the 
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choice of systemic therapy in most cases. Sentinel node biopsy, which is 

a safe and minimally invasive procedure, may be considered in these 

patients. However, axillary node dissection should be used when there 

is evidence of lymph node involvement or in patients with aggressive 

cancer [32]. 

 

1.4.4 Adjuvant Radiotherapy 

 

Radiotherapy is used as adjuvant treatment for control of local disease 

in breast cancer. It is recommended for all patients with invasive breast 

cancer who have breast conserving surgery and some who have 

mastectomy. Post-operative radiotherapy after breast conserving 

surgery reduces the risk of five-year local recurrence by 19% and 15 

year breast cancer specific mortality by about 5.4% [20]. The Early 

Breast Cancer Trialists’ Group (EBCTCG) overview [20] involving about 

42000 women with breast cancer showed that radiotherapy after breast 

conserving surgery significantly reduces the risk of local recurrence in 

women of all ages; however, the risk reduction was greater in women 

below the age of 50 than in older women (five-year risk reductions of 

22% vs. 11%).  
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Use of chest wall radiotherapy after mastectomy reduces local 

recurrence rates by 18% in all age groups [20]. National Guidelines 

[22] advise its use if there is a high risk of local recurrence, such as if 

there is margin involvement, heavy nodal disease (>four positive 

nodes) or a large (T3) tumour.  

 

1.4.5 Radiotherapy in older breast cancer patients 

 

Radiotherapy after breast conserving surgery decreases the risk of local 

recurrence in all patients regardless of age; however, in clinical 

practice, older patients are less likely to receive such treatment 

[27,33,34]. Contrary to the common belief, there is no evidence that 

radiotherapy is associated with increased toxicity in older patients [35].  

 

Meta-analysis of studies on the use of post-operative radiotherapy in 

older breast cancer patients by the Early Breast Cancer Trialists’ 

Collaborative Group, showed no differences in proportional reductions in 

local recurrence risk by age [20]; however, the effect on overall survival 

is unclear. There is some evidence that local recurrence rates may be 

lower in older women after surgery without radiotherapy [36]. Currently 

a randomised trial (PRIME II Trial) is evaluating the role of adjuvant 

radiotherapy in older patients with good prognosis breast cancer. 
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There is limited level 1 evidence on the effects of post-mastectomy 

radiotherapy in older patients. A meta-analysis [20] and retrospective 

analysis of the SEER data [37] showed that post-mastectomy 

radiotherapy is associated with significant reduction in recurrence and 

improvement in survival in high-risk women regardless of their age. The 

survival advantage, however, emerged only after five years. Therefore, 

in older patients with a limited life expectancy, the benefit from 

radiotherapy may not be great in terms of survival and the decision 

should be based more on consideration of loco-regional control. 

 

1.4.6 Adjuvant systemic therapy 

 

1.4.6.1 Endocrine therapy 

 

Endocrine therapy (i.e. tamoxifen or an aromatase inhibitor) is used as 

an adjuvant to local treatment for hormone receptor positive, early 

breast cancers. More than two-thirds of breast cancers are hormone 

receptor positive; the proportion increases to 90% with increasing age 

[38]. Endocrine therapy significantly reduces the rate of local 

recurrence, the development of disease in the contra-lateral breast and 

at distant sites, and improves disease free and overall survival [39]. 

Five years of adjuvant tamoxifen reduces the annual breast cancer 
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death rate by 31%, compared with no adjuvant treatment, in patients 

with hormone receptor positive breast cancer, irrespective of their age 

[40].   

 

Aromatase inhibitors (AI) are more effective than tamoxifen in terms of 

disease free survival and reducing the risk of distant metastases; 

however, so far no significant difference is reported in overall survival 

between the two, from the limited follow-up of patients in the adjuvant 

AI trials [41]. The efficacy of an aromatase inhibitor (letrozole) was 

compared with tamoxifen in a large multinational adjuvant trial - The 

BIG 1-98 [41], involving more than 8000 postmenopausal women with 

hormone receptor positive early breast cancer. At a median follow-up of 

73 months and treatment duration of 60 months, letrozole was shown 

to significantly improve disease free survival and reduce the risk of 

distant recurrence relative to tamoxifen in postmenopausal patients 

with hormone receptor positive early breast cancer. AIs are now 

recommended as first line adjuvant hormonal therapy in many post-

menopausal patients with hormone receptor positive, early breast 

cancer [42].  

 

AIs and tamoxifen both have their side effects. Tamoxifen is associated 

with an increased risk of endometrial cancer and thromboembolic 
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events; risks associated with aromatase inhibitors are myalgia, 

arthralgia, osteoporosis & bone fractures. Previously AIs were thought 

to be associated with increased risk of cardiovascular events; however, 

this is not supported by more recent studies [43].  

 

1.4.6.2 Endocrine therapy in older patients 

 

There is no evidence of age related differences in the efficacy of 

tamoxifen or AIs in post-menopausal women; however, older patients 

are more vulnerable to some adverse events, therefore safety should be 

an important factor in choosing between the two. Tamoxifen is 

associated with increased risk of thromboembolic events and may be 

contra-indicated in those older patients with a past history of deep 

venous thrombosis (DVT) or pulmonary embolism (PE). AIs are 

associated with increased risk of osteoporosis, which is a particular 

problem for the very elderly - often already having osteoporosis, in 

whom a hip fracture has a 50% risk of mortality or subsequent 

institutional care [44]. Bisphosphonates are commonly used to prevent 

bone loss in these patients. The recent Z-Fast study reported that up-

front Zoledronic acid therapy effectively prevents AI-associated bone 

loss in postmenopausal women with early breast cancer [45]. The 

current guidelines advise bisphosphonates for all women over 75 on an 
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AI. However, this is not an easy treatment to take orally; the special 

dosing issues and adverse effects of bisphosphonates, especially when 

dosing recommendations are not followed, contribute to the very poor 

compliance (less than 50%) with this medication [46].   

 

1.4.6.3 Primary endocrine therapy vs. Surgery plus endocrine 

therapy in older breast cancer patients 

 

Endocrine therapy, when used as a sole agent to treat breast cancer, is 

known as primary endocrine therapy (PET). It was first described in the 

1980s as an alternative to surgery for older women [47]. PET is 

effective in around 80% of hormone receptor positive breast cancers 

[48]; there is, though, at present no way of predicting which receptor 

positive cancers will respond to endocrine therapy and how long the 

response will last [49]. The median response duration is about two 

years with wide variation [50].  

  

Evidence shows that there is greater utilisation of primary endocrine 

therapy in older patients as compared to younger patients, presumably 

based on the premise that they are less likely to be fit for surgery 

because of co-morbidity [25]; also, it is easy to give and to receive, and 

popular with patients. In the UK, more than 40% of breast cancers 



	
   18	
  

diagnosed in patients over 70 were treated with endocrine therapy 

alone [51]. This reliance on endocrine therapy, in patients who live long 

enough, results in persistent or recurrent local disease, sometimes 

becoming locally advanced and then difficult to treat, months and years 

after diagnosis [52].  

  

To establish whether primary endocrine therapy is justifiable for women 

who are fit for surgery, several trials were conducted to compare the 

efficacy of primary endocrine therapy vs. surgery plus endocrine 

therapy in older breast cancer patients. Hind et al. [53] performed a 

Cochrane review and meta-analysis of the randomised controlled trials 

[19,54-57] comparing primary endocrine therapy vs. surgery alone or 

with endocrine therapy, in women aged 70 years or above with clinically 

defined operable primary breast cancer. In these trials, surgery for 

breast cancer included mastectomy or breast conserving surgery, with 

or without axillary lymph node dissection. Primarily they were looking 

for overall survival and progression-free survival. Secondary outcomes 

were adverse effects, local disease control, distant metastasis-free 

interval and quality of life.  

  

They found that patients aged 70-75 had better survival in the surgery 

+ tamoxifen groups. There was no overall survival benefit from surgery 



	
   19	
  

in patients above 75 years of age, though better local control was 

demonstrated in the surgical group. They recommend the use of PET 

only in patients with ER positive tumours, who are unfit for surgery, 

have reduced life expectancy, or who refuse surgery. The National 

Institute for Clinical Excellence guidance [22] subsequently 

recommended treating patients with early invasive breast cancer, 

irrespective of age, with surgery and appropriate systemic therapy, 

rather than endocrine therapy alone, unless significant co-morbidity 

precludes surgery. 

 

Some of the individual studies, where patients younger than 75 were 

included, showed a survival benefit in the surgical plus tamoxifen arm in 

the medium to long term. Fennessy et al. [19] conducted a randomised 

control trial comparing tamoxifen-alone vs. surgery plus tamoxifen in 

women aged 70 and above with early breast cancer. They reported at 

12 years of follow up that both overall mortality and mortality from 

breast cancer was significantly increased in the tamoxifen-alone group, 

although the survival curves did not diverge until after the first three 

years. The study included 455 patients above the age of 70 with a 

median age of 76 years. In a subgroup analysis of survival by age group 

there was a highly significant benefit from surgery in patients under 75. 

There was a similar trend in those aged 75-80 but the numbers were 
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small and the confidence intervals were wide. In those over 80 there 

was no effect on survival but the numbers were very small. They 

concluded that surgery decreased the mortality rate in an unselected 

population of elderly women with operable breast cancer who were fit 

for the procedure. However, for women with ER-positive breast cancer 

who have a short life expectancy, they recommended primary 

tamoxifen therapy, as surgery in addition to tamoxifen, confers no 

survival benefit in someone who lives less than 3 years or so. 

 

The trial was organised by Cancer Research UK and conducted across 

27 UK hospitals. Overall, it scored 13/19 on Van Tulder critical appraisal 

score [58]. The Van Tulder score ranges from 0 (lowest quality) to 19 

(highest quality) and has been commonly used to grade the quality of 

trials in systematic reviews [59]. Elgibility criteria were clearly specified 

in the trial. It included patients from all across UK hospitals who were 

aged 70 years or over, had a palpable breast lesion and histological or 

cytological evidence of invasive disease, or unequivocal mammographic 

evidence of breast cancer, and had operable disease. A computer-

generated randomisation, stratified by hospital in block sizes of four, 

was produced and concealed by staff at the Cancer Research UK Clinical 

Trials Centre. Four hundred and fifty-five patients were randomised into 

two groups. One group of 230 patients received tamoxifen alone and 
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the other group of 225 patients received surgery plus tamoxifen. The 

outcome assessors were blinded but care providers and patients were 

non-blinded to treatment interventions. Compliance rate was more than 

95% in both groups. The outcome measures were clearly identified and 

were relevant. The trial objectives were to compare time to treatment 

failure and overall mortality in patients randomised to surgery plus 

tamoxifen and tamoxifen-alone. No details were provided about adverse 

events in either group. The withdrawal and drop out rate was less than 

five percent in both groups. A short-term measurement was performed 

in 1991 and final measurement was performed 1999. Timing was 

comparable for the outcome measurement in both groups. All 

randomised patients, regardless of whether they received the assigned 

treatment or not, were included in the intention to treat analysis.   

 

The sample size of 455 patients was enough to detect a 10% difference 

in the treatment with 90% power. Cox proportional hazard model was 

used for data analysis. The two randomised groups were well matched 

for age, tumour size and axillary lymph nodes status; however, they did 

not take into account patients’ co-morbidity or their socio-demographic 

status, both of which could have an impact on their overall survival. 

Also, they treated patients with endocrine therapy without testing their 

tumour hormone receptor status (common practice at the time). About 
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15-20% of breast cancers are hormone receptor negative. Therefore, 

this proportion of patients were unlikely to have received any benefit 

from the endocrine therapy and potentially could have disadvantaged 

the tamoxifen-alone group. Radiotherapy reduces the risk of local 

recurrence after breast conserving surgery and is a standard today. 

However, patients in the study were not offered radiotherapy after 

breast conserving surgery. Those patients were more likely to get 

recurrence and potentially this could have disadvantaged the surgical 

arm.  

  

In another multicenter phase III randomised controlled trial, Mustacchi 

et al. [54] compared tamoxifen-alone versus surgery plus adjuvant 

tamoxifen for operable breast cancer in women above 70 years of age. 

After a median follow up of 80 months, they found no significant breast 

cancer specific or overall survival difference between the two groups (p-

value >0.05). The local disease control, however, was much better in 

the surgical arm. At a median follow-up of 80 months, 27 (11.2%) 

patients in the surgical arm and 106 (45.2%) in the tamoxifen-alone 

arm had local progression (P <0.0001).  

 

The study was one of the largest randomised control trials on the issue. 

It was conducted across 19 centers in Italy. Newly diagnosed patients 
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with histological or cytological evidence of invasive breast cancer, who 

were age 70 and above, and had operable disease were eligible for the 

trial. Randomisation was based on random number tables and stratified 

by hospital in block sizes of 10. It was produced and concealed by staff 

at the central trial office. Four hundred and seventy-four patients were 

randomized into two groups. Two hundred and thirty-nine patients were 

allocated to the surgical arm and two hundred thirty-five patients were 

allocated to the tamoxifen-alone group. Care providers and patients 

were non-blinded to the treatment interventions. However, outcome 

assessors were blinded to the treatment interventions. Compliance rate 

was more than 97% in tamoxifen-alone group and 94% in the surgical 

group. The primary objective of the trial was to compare the overall 

survival in the two treatment arms. Secondary objectives were set to 

compare the event-free survival, breast cancer survival and local 

control of the disease. Adverse events were reported in both groups. 

The withdrawal and drop out rate was less than two percent in both 

groups. A short-term measurement was performed at 36 months and 

final measurement was performed at a median follow-up of 80 months. 

Timing was comparable for the outcome measurement in both groups. 

All patients assigned to the treatment groups were included in the 

analysis according to the intention to treat. Overall the trial scored 

14/19 on Van Tulder critical appraisal score.  
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A sample size of 570 patients was calculated to be enough to detect a 

10% difference between the two treatment groups with 80% power and 

0.05 significance level. However, the number of recruited patients was 

reduced to 474 because of a reduction in recruitment with time. The 

revised power of the study with the recruited number of patients was 

calculated to be 80. They used the log-rank test to assess the statistical 

significance of treatment differences and chi-square test for differences 

in proportions of distant metastases. Cox proportional hazard model 

was used to explore any relationship between different variables and 

overall and breast cancer survival. The randomised groups were well 

matched for age, tumour size, axillary lymph node status and ECOG 

performance status. However, they did not assess and control the two 

groups for co-morbidity and socio-demographic status that might have 

had an impact on their overall survival. 

 

As in the previous trial, patients in the tamoxifen-alone group received 

treatment without assessment of hormone receptor status. This could 

have potentially disadvantaged the tamoxifen-alone group, as 15-20% 

of patients, who were likely to be hormone receptor negative, would not 

have benefited from the treatment. On the other hand, patients in the 

surgical arm did not receive adjuvant radiotherapy after surgery. This 
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could have potentially disadvantaged the surgical arm as adjuvant 

radiotherapy significantly reduces the risk of local recurrence.  

 

In conclusion, primary endocrine therapy was found to be as effective 

as surgery plus endocrine therapy, in terms of overall survival, at least 

in the first three years, in older patients with hormone receptor 

positive, early breast cancer [53]. However, it seems that the use of 

primary endocrine therapy should be restricted to those with short life 

expectancy, who are unfit for surgery, or who refuse surgery; although, 

patients who are fit and refuse surgery, should be given enough time 

for detailed discussion and encouraged to accept standard treatment. In 

other words, women who are not expected to live long enough to 

benefit from local treatment may be safely treated with only endocrine 

therapy, if their breast cancer is hormone receptor positive. Tumours in 

patients with good life expectancy, if treated with primary endocrine 

therapy, may develop endocrine resistance and the disease may relapse 

after an average of two years of therapy, necessitating a change of 

management at a stage when the patient is older and usually less fit.  

 

1.4.6.4 Adjuvant Chemotherapy 
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Adjuvant chemotherapy reduces the risk of relapse and death in women 

with early stage breast cancer; the risk reduction is larger in those 

below 50 years of age compared with those over 50 years [40].  

Adjuvant polychemotherapy (anthracycline-containing regimen) reduces 

the annual breast cancer death rate by about 38% for women younger 

than 50 years of age when diagnosed, by 24% for those of age 50—60 

years, and about 13% for those of age 60-69, largely irrespective of the 

use of tamoxifen and of oestrogen receptor (ER) status, nodal status, or 

other tumour characteristics [40]. The risk reduction for patients above 

70 years of age was not significant probably due to small numbers 

recruited into trials. In general, patients with hormone receptor 

negative breast cancers had a greater absolute survival benefit 

compared to patients with hormone receptor positive cancers [60]. This 

will be, at least in part, because they have poorer prognosis. The 

absolute benefit of chemotherapy therefore varies according to both 

patient age and underlying prognosis. Estimates of the benefits of 

adjuvant chemotherapy are therefore made on the basis of patient age 

and prognosis, derived from the pathological features of their cancer 

[22]. 

 

1.4.6.5 Chemotherapy in older breast cancer patients 
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There is limited evidence for the role of adjuvant chemotherapy in the 

treatment of older women with breast cancer, mainly because very few 

women over 70 years of age have been included in trials. The EBCTCG 

overview [40] shows progressively reduced benefit from adjuvant 

chemotherapy for those in the age decades above 50 so that, above 

age 70, only those fit patients with a poor or very poor prognosis breast 

cancer would be expected to gain more than they risk from adjuvant 

chemotherapy. More recent evidence suggests that chemotherapy for 

oestrogen receptor-negative poor prognosis cancers in the elderly may 

confer a survival advantage [60,61]. There are no age-specific exclusion 

criteria in National Guidelines [22].  However, reduced chemotherapy 

tolerance and lack of age-specific evidence of benefit in older women 

mean that at present adjuvant chemotherapy for most patients over the 

age of 70 has not been standard practice in the UK.  

 

A retrospective review of data [62] comprising 6487 patients from four 

randomised CALBG trials comparing the benefits and toxic effects of 

adjuvant chemotherapy among breast cancer patients, reported 

significant benefits of chemotherapy in all age group patients. The trials 

included age groups of 50 years or younger, 51 to 64 years, and 65 

years or older. Elderly patients constituted only a small percentage of 

the study (n=159, 2%) and they experienced significantly higher overall 
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mortality, and mortality due to treatment. However, the chemotherapy 

benefits in terms of reductions in breast cancer mortality and 

recurrence were similar in all patients regardless of age. Results from 

another trial by Muss et al [63], comparing standard chemotherapy with 

capecitabine alone in older women with breast cancer, confirmed that 

older patients receive significant improvement in overall survival and 

recurrence with standard chemotherapy compared to capecitabine 

alone.  

 

In the United Kingdom, a phase III, multi-center randomised trial (the 

ACTION trial) was initiated in 2007 to test if adjuvant chemotherapy 

improves the outcome in older women with high risk, ER negative/ER 

weakly positive breast cancer. However, the trial had to be closed due 

to poor recruitment.  

 

Currently, the International Society of Geriatric Oncology (SIOG) [32] 

recommends that treatment with adjuvant chemotherapy should not be 

an age-based decision, but, instead, should take into account individual 

patients’ estimated absolute benefit, life expectancy, treatment 

tolerance, and preference. 

 

1.4.6.6 Herceptin    
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Herceptin (trastuzumab) is a monoclonal antibody that attaches to a 

growth-promoting protein known as HER2/neu, present in small 

amounts on the surface of normal breast cells and most breast cancers. 

About 25% of breast cancers have an abundance of this protein and 

these cancers tend to grow and spread more aggressively. Herceptin 

antagonizes the constitutive growth-signaling properties of the HER2 

system, enlists immune cells to attack and kill the tumour target, and 

augments chemotherapy-induced cytotoxicity [64]. 

 

Treatment with Herceptin reduces the residual risk (after adjuvant 

chemotherapy) of breast cancer recurrence by about 50% in HER2-

receptor positive breast cancers [65,66]. The Herceptin Adjuvant 

(HERA) trial [65] showed that one year of treatment with Herceptin 

after adjuvant chemotherapy significantly improves disease-free 

survival among women with HER2-positive breast cancer, irrespective of 

their age; the median age of women in this trial was 49 (range 21-80 

years). The national guidelines [22] recommend trastuzumab, for 1 

year or until disease recurrence, as an adjuvant treatment to women 

with HER2- positive early invasive breast cancer following surgery, 

chemotherapy, and radiotherapy when applicable. 

 

1.4.6.7 Herceptin in older breast cancer patients 
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Herceptin significantly improves disease free survival in patients with 

HER2 receptor positive breast cancers regardless of their age. However, 

it is associated with cardio-toxicity, which is more of a concern in older 

patients, as they are at higher risk of developing Herceptin-associated 

cardiovascular disease [66]. SIOG [32] recommends the use of 

adjuvant Herceptin in healthy older patients with HER2-positive breast 

cancer when chemotherapy is indicated, but with close cardiac 

monitoring.  

 

1.5 Under-treatment of older breast cancer patients 

 

There is a significant body of evidence [3,31,51,67,68] to show that 

older breast cancer patients are less likely to receive standard 

treatment than younger patients. There are situations when deviation 

from the standard treatment may be justified in older patients, e.g. 

patients who are going to survive for five years or less may not benefit 

from radiotherapy; the benefit of chemotherapy in patients above 70 

years is limited. However, true under-treatment does occur, meaning, 

treatment may be omitted in those who could benefit [25,69,70].   
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Wyld et al. [51] compared stage and treatment of breast cancer 

between two cohorts of postmenopausal women (55-69 vs. >70 years) 

in a single UK regional cancer network (North Trent) over six months. A 

total of 378 patients were studied (>70: N=167, 55-69 years: N=210). 

They reported that a significantly higher percentage of the older 

patients did not receive standard treatment when compared to the 

younger age group.  

 

Wanebo et al. [67] analyzed data from 5962 patients with breast cancer 

recorded in the state-wide tumour registry of the hospital association of 

Rhode Island between 1987 and 1995, for adequacy of primary 

treatment, in older women (>65 years of age) compared to younger 

women (40 to 64 years of age).  They found that approximately 20% of 

the older patients had substandard treatment of favorable stage early 

primary breast cancer, with poorer survival. 

 

Mandelblatt et al. [68] studied 718 breast carcinoma patients age 67 

years and older who were diagnosed with localised disease between 

1995 and 1997 from 29 hospitals in five regions of Washington DC, 

USA. Their results demonstrate that women 80 years and older were 

liable to receive less treatment than currently recommended in expert 

consensus guidelines. 
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August et al. [3] performed a retrospective review of all women with 

primary operable invasive breast cancer treated at the University of 

Michigan breast care center over a 30-month period. They studied 77 

patients aged >65 years (median, 71; oldest patient, 92 years) and 

compared them with fifty-one younger patients with similar cancers 

aged 55-64 years (median, 59 years). They reported that while 98 per 

cent of patients under 65 years of age received standard treatment, 

only 81 per cent of those over 65 years were treated according to 

current guidelines.  

 

Lavelle K et al. [71] analysed data from 480 women with invasive 

breast cancer aged 65 or older, who were registered with the North 

Western Cancer Registry database of the UK over a one-year period. 

They found that, after adjusting for tumour characteristics, older 

women were less likely to receive standard management than younger 

women. In the study cohort, 22% (67/305) of women aged 80 or older 

did not receive primary breast surgery and 41% (53/130) of women 

aged 75 or older did not receive radiotherapy after breast conserving 

surgery. The study, however, did not take into account patients’ 

preferences and health status. So, it is difficult to ascertain the reasons 

for under-treatment in the study population.  
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Hurria et al. [31] reported in “Factors influencing treatment patterns of 

breast cancer patients age 75 and older,” that co-morbidity and age 

play a significant role in influencing treatment decisions in the older 

breast cancer patient. Patients were less likely to receive standard 

treatment with increasing age and co-morbidities.  

 

1.6 Causes of under-treatment 

 

Review of the literature [3,25,31,51,67-70] and previous work in 

Leicester has identified three main causes for under-treatment of older 

breast cancer patients: these are co-morbidities, age, and personal 

choice of patients. However, in many cases co-morbidity is over-

estimated, life expectancy is under-estimated and difficulties in 

communication all contribute to under-treatment of these patients. 

 

1.6.1 Co-morbidities 

 

Older patients are more likely to suffer from co-morbid conditions than 

young patients.  However, in clinical practice no formal assessment has 

been routinely used to measure or assess the impact of co-morbidities 

or functional dependence on treatment; decisions to deviate from 

standard treatment seem to have been based mainly on general 
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impressions. This is because there has been no validated system for 

using co-morbidity and/or functional dependence to predict what 

treatment(s) will be helpful in the individual patient. Different studies 

[25,72,73] have confirmed the correlation between co-morbidities and 

survival in older patients, independent of other factors. Many scales 

have been devised to assess co-morbidities and their effect on survival, 

but none of these scales has been used in clinical assessment of older 

breast cancer patients to help plan treatment for their breast cancer. 

Therefore, while deviation in treatment decisions from standard practice 

may be sometimes justified in older breast cancer patients with co-

morbidities, it needs formal assessment through a validated system to 

predict the impact of co-morbidities/functional dependence on 

treatment decisions and outcome. 

 

1.6.2 Age 

 

Age has been considered another important factor in planning 

treatment for elderly patients; however, life expectancy is often under-

estimated. In the UK, females at the age of 65 have an estimated total 

life expectancy of 19.4 years and the life expectancy of those who reach 

75 and 80 years of age extends further to 11.8 and 8.7 years 

respectively [1]. Except at the extreme, no direct correlation has been 
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found between age and survival in elderly patients. However, with 

increasing age comes an increased risk of co-morbidity, and associated 

disability and functional dependence, which affect life expectancy 

adversely. Therefore, assessment of biological rather than chronological 

age of patients may play an important role in the determination of 

appropriate treatment for these patients [74]. 

 

1.6.3 Personal choice 

 

The third important reason mentioned for under treatment of elderly 

breast cancer patients is their ‘personal choice’ [68]. Informed choice 

has to be honoured; however, it requires that the patient has a proper 

understanding of the disease process and all treatment options. Our 

experience at the Leicester breast cancer research clinic showed that 

with increasing age communication becomes more difficult. There are 

many factors that may contribute to this such as: deafness, poor 

eyesight preventing the use of written information, poor understanding 

and less education of elderly patients etc. Also, older patients may have 

objections to treatment for very varied reasons, which may have their 

origin in experiences from several decades ago. For example, they may 

have unjustified beliefs such as: surgery stirs up cancer, or cancer 

treatment does not work or cancer is a ‘punishment from God’, which 
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should be endured rather than fought etc. It is often difficult to find 

ways of discussing such personal issues since older women may not be 

forthcoming with strangers.  

 

Therefore dealing with older patients needs patience and plenty of time 

for discussion to help them understand the disease process and 

different treatment options, which will enable them to make better 

informed decisions. However, this is very difficult in the busy breast 

clinic setting, which is why a special breast clinic for older breast cancer 

patients was established in Leicester.  

 

 1.7 The need for survival prognostic index to improve 

the care of older breast cancer patients 

 

The National Institute for Health and Clinical Excellence guidelines [22] 

and Cochrane review of the randomised control trials comparing 

primary endocrine therapy and surgery plus endocrine therapy in 

elderly patients [53] recommend that elderly breast cancer patients 

should be considered for surgery and appropriate systemic therapy 

unless they refuse it, or they have a short life expectancy and are 

therefore unlikely to benefit from it. However, there is no validated 

assessment in routine clinical practice that could predict life expectancy 

in older breast cancer patients, based on which they may be 
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recommended an optimal treatment for their breast cancer. In other 

cohorts of patients, assessment tools such as Comprehensive Geriatric 

Assessment (CGA) have been successfully used to develop survival 

prognostic indices [75-77].  

 

Alberto Pilotto et al. [75] developed and validated a Multidimensional 

Prognostic Index (MPI) for one-year mortality in 1695 hospitalised 

elderly patients, from information available from comprehensive 

geriatric assessment, that included clinical, functional, cognitive, 

nutritional, and social parameters. 

  

This prospective cohort study included 838 consecutively admitted 

patients to a geriatrics unit in Italy between January and December 

2005. Patients were included in the study if they were of age 65 or 

more; provided an informed consent; had complete CGA during 

hospitalisation; and their mortality/survival information were available 

at the date of study completion. Information was gathered from the 

CGA performed as part of their clinical assessment in the geriatric unit. 

The CGA assessment included: evaluation of functional status using ADL 

and IADL, Short Portable Mental Status Questionnaire (SPMSQ) to 

evaluate cognitive status, assessment of co-morbidity using the 

Cumulative Illness Rating Scale (CIRS), assessment of nutritional status 
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using Mini Nutritional Assessment (MNA), the Exton-Smith Scale (ESS) 

to evaluate the risk of developing pressure sores, use of medication, 

and assessment of social aspects including household composition, 

home services, and institutionalisation. Out of 1549 patients who were 

admitted to the unit during the study period, only 838 patients fulfilled 

the inclusion criteria. In the majority of the patients who were excluded 

it was because of incomplete information or lack of CGA.  

 

Initially, they performed a cluster analysis on the CGA data to evaluate 

the independence of variables and identify the most relevant domains of 

the CGA that could predict mortality in the study population. Using 

logistic regression and Cox proportional hazard model they built an MPI 

based on eight domains of the CGA that were found to have a 

significant association with one year survival in the study population. 

These included ADL, IADL, SPMSQ, MNA, ESS, CIRS, medications, and 

co-habitation status. The MPI was developed by aggregating the total 

scores of the eight domains and expressing it as a score from zero to 

one. Three grades of MPI were identified: low risk, 0.0–0.33; moderate 

risk, 0.34–0.66; and severe risk, 0.67–1.0. They studied the predictive 

value of the MPI for all causes of mortality over a 12-month follow-up 

period. One-year mortality for grade-1 was 5.7%; grade-2 was 23.2%; 

and grade-3 was 45.1%. The MPI stratified the hospitalised older 
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patients into three categories that experienced a significantly different 

one-year mortality. After adjusting for age and sex, the prognostic 

effect of MPI on mortality was still highly significant.  

 

Using logistic regression analysis, they confirmed that the aggregate 

MPI had a stronger association with one-year survival compared to the 

individual variables that were used to construct the MPI. The C-statistic 

value (area under ROC curve) for the MPI was reported to be 0.75, 

confirming that the prognostic index had good discriminatory power. 

The MPI was validated in another cohort of 856 consecutively admitted 

patients in the same unit in 2006 and reported similar values.  

 

The MPI was developed and validated in a large cohort of patients with 

valid statistical analysis and good description of the results. The authors 

provided clear information about inclusion and exclusion criteria and 

final outcome. They adopted a multi-dimensional assessment approach 

and included variables that represent patients’ different domains. 

However, there are some limitations and bias in the study. The authors 

provided no information on the sample size calculation and power 

analysis for the study. A large number of patients were excluded in the 

development and validation cohort based on incomplete information or 

lack of CGA assessment; however, the authors provided no reasons or 
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further explanation about these patients. The study included patients 

from a single geriatric unit of an Italian hospital and there is no 

information about the geographic composition of the study population. 

Also, the authors provided no information as to how long an MPI 

assessment would take for a single patient. The devised MPI model 

used parameters that particularly characterise the hospitalised elderly 

patient and need thorough assessment and information collection that is 

unlikely to be possible in non-hospitalised patients. The authors also 

acknowledged this limitation of their study.  

 

The study by Inouye et al. [76] demonstrated the importance of 

functional measures (i.e., IADL, Mini-Mental State Examination (MMSE), 

and shortened Geriatric Depression Scale) in predicting two-year 

mortality in a population of 207 hospitalized elderly patients. The study 

included patients aged 70 years or older, with no clinical evidence of 

delirium at enrollment, and admitted consecutively to the general 

medical units of Yale-New Haven Hospital (YNHH), Connecticut, USA, 

between November 6, 1989, and June 22, 1990. Patients’ assessment 

included: demographic information, current living situation, self-

reported basic ADLs and IADLs, mobility assessment, MMSE, GDS, 

hearing tests, the Confusion Assessment Method (CAM) rating, burden 

of illness, and the modified Blessed Dementia Rating scale (mBDRS).  
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They developed a functional axis based on three general conceptual 

categories: physical, cognitive and other, each representing a different 

domain. Using a bivariate Cox proportional hazards analysis they 

assessed the relationship of individual variables with two-year survival 

in the study and selected those with a significant association for a 

multivariate analysis. In the multivariable analysis, three variables – 

impairment in IADL, an MMSE score less than 20, and a shortened GDS 

score of seven or higher retained statistically significant impact on two-

year mortality. They developed a risk stratification system by 

categorising patients into a low-risk group (no risk factors), 

intermediate-risk group (one risk factor), and high-risk group (two or 

more risk factors). The two-year mortality rates for the low-, 

intermediate-, and high-risk groups were 20%, 32%, and 60%, 

respectively (P<.001). They validated the prognostic index in another 

cohort of 318 patients admitted to the medical units of same hospital 

between July 9, 1990, and July 31, 1991.  

 

The predictive accuracy of the final model in both the development and 

validation cohorts was examined using calibration and discrimination. 

The C-statistic values for the development and validation cohort were 

0.69 and 0.66 respectively, confirming moderate discriminatory 

capabilities of the prognostic index.  
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The study was a well-designed prospective cohort study with clearly 

defined inclusion and exclusion criteria, primary and secondary 

outcomes, and reasons for non-inclusion and exclusion of patients from 

the study. The authors provided clear information about the study 

setting and patients’ demographics. Also, they selected clinically 

relevant variables with cut points that were clinically meaningful and 

used in previous published studies. They used valid statistical analysis 

for the development and validation of the functional index. However, 

the study has some limitations. The authors provided no information 

about sample size calculation and study power analysis. Also, the 

development and validation cohort included patients of the same 

hospital from the same catchment area of New Heaven, Connecticut. 

For generalisation, it needs to be tested in other geographic locations 

and populations.  

 

Another study by Walter LC et al. [77] developed and validated a one-

year mortality prognostic index using six risk factors in 2922 older 

hospitalised patients. The study randomly selected these individuals 

who were enrolled in two randomised trials of an intervention to 

improve functional outcomes of hospitalised older adults. The trials were 

conducted at the University Hospitals of Cleveland (UHC) and the Akron 

City Hospital (ACH), in Ohio, between 1993 and 1997. Each trial 
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enrolled patients who were aged 70 years or older and who were 

admitted to the general medical service. Data for the study was 

obtained from structured interviews with patients or their surrogates 

and from medical records.  

 

The gathered information included four broad categories: demographic 

variables, medical diagnoses, functional status, and laboratory values. 

Using univariate regression analysis, individual risk factors were 

assessed for their relationship with one-year survival in these patients. 

Twelve Risk factors associated with one-year mortality were identified. 

These were then entered into a multivariable logistic regression model 

and yielded a final set of six risk factors that were associated with one-

year mortality in the study population. These included male sex, 

congestive heart failure, cancer, functional dependency in any ADL, 

creatinine level >3.0 mg/dL, and albumin level 3.4 g/dL. Based on 

these risk factors, they developed a weighted index, divided patients 

into four groups and reported mortality accordingly. One-year mortality 

was 4% in the lowest-risk group, 19% in the group with two or three 

points, 34% in the group with four to six points, and 64% in the 

highest-risk group. They reported good calibration and discrimination of 

the model with a C-statistic value of 0.75 in the derivation cohort and 

0.80 in the validation cohort.  
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The prognostic index was developed and validated in a large population 

sample, which was randomly selected from two groups enrolled in two 

separate trials. However, the authors did not provide details about the 

random selection process. The information about inclusion and 

exclusion criteria and final outcome was clearly outlined in the study. 

Valid statistical tests were used to analyse the data in the development 

and validation cohort. The index was developed and validated in a 

regional area of Ohio, USA. For generalisation, it needs to be tested in 

other geographic locations and populations.  

 

Elderly breast cancer patients may also benefit from inclusion of such 

assessment tools into their clinical assessment, to help predict their life 

expectancy and hence guide treatment decisions, to ensure that they 

receive the most appropriate treatment for their breast cancer.  

 

1.8 Comprehensive Geriatric Assessment 

 

Comprehensive geriatric assessment is a multidimensional, 

interdisciplinary diagnostic process to determine the medical, 

psychological, and functional capabilities of elderly patients in order to 

develop a coordinated and integrated plan for their treatment and long-

term follow-up [78]. Different components of CGA have been found 
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useful in predicting mortality and morbidity for several chronic diseases 

in a variety of clinical settings [79–85]. 

 

There are a number of different models for the application of CGA, 

which have been used in different health-care settings and adapted for 

disease-specific management programs. The CGA model we used in our 

clinic includes assessment of all the key domains that could help in the 

management of elderly breast cancer patients and is also practical in a 

routine clinic setting. It includes the following components: assessment 

of co-morbidities, cognitive function, depression, physical function and 

fitness for anaesthesia.  

 

1.8.1 Assessment of co-morbidities 

 

Elderly patients are more likely to suffer from co-morbid conditions than 

young patients. The presence of co-morbidities, often, has a negative 

effect on their physical and cognitive function as well as on their 

survival. Different studies [25,72,73] have confirmed the correlation 

between co-morbidities and survival in older patients, independent of 

other factors. A number of scales exist for assessment of co-

morbidities, some of them have been validated in elderly, non-cancer 

patients e.g. Greenfield individual disease severity index [86], others 

were developed in the elderly but subsequently validated in a cancer 
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population.  In particular, the Satariano Index of Co-morbidities (SIC, 

Table 1) has been assessed in older breast cancer patients; it has been 

reported that patients with three or more co-morbidities have an 

increased risk of death over a three-year follow up period, independent 

of age, breast cancer staging and treatment type [25].  

 

The Charlson Index [72] is another easily applied rating system, which 

uses standardised criteria to identify the presence or absence of 

prognostic co-morbidity, though not its severity. Nagel et al. [73] also 

confirmed a correlation between the level of co-morbidities and three-

year survival in postmenopausal women with breast cancer. Another 

population-based longitudinal study of health in the older population - 

the Medical Research Council Cognitive Function and Ageing Study [87] 

has identified prevalent co-morbidities associated with incident disability 

and mortality over a 10-year follow-up period and calculated the effect 

of these co-morbidities on disability-free and total life expectancy. 

Cumulative Illness Rating Scale (CIRS, [88]) is another widely used co-

morbidity index that uses a scoring system for 14 body system domains 

and a severity scale for each domain. Due to its complexity, it is more 

difficult to administer in a busy outpatient setting.  
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We selected the Satariano index of co-morbidities scale to assess the 

impact of co-morbidities on the survival of our study population. The 

scale is relevant to our study patients as it has been developed and 

validated in a cohort of breast cancer patients and showed an 

independent association with their three-year survival. Patients are 

scored one for the presence of each of the seven disease conditions 

given in Table 1. The final SIC score is calculated out of seven.  
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Table-1. Satariano Index of Co-morbidities 
 

S.No Co-morbidity Score 

1 Myocardial infarction 1 

2 Heart disease (other diseases) 1 

3 Diabetes  1 

4 Other forms of cancer (excluding breast cancer 

metastasis) 

1 

5 Respiratory 1 

6 Gallbladder diseases 1 

7 Liver conditions 1 

 Total SIC score (0-7)  

Patients are scored one for the presence of each of the seven disease conditions.  

Final SIC score is calculated out of seven. Adapted from Satariano and Ragland,  

1994 [25]. 
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1.8.2 Assessment of Cognitive function & Depression 

 

In elderly patients cognitive status assessment is important, not only 

because of its impact on disability-free and total life expectancy [74], 

but also due to its effect on the patient’s ability to participate fully in an 

informed discussion and consent process regarding best management, 

and co-operate with treatment. Lower levels of cognitive function have 

been associated with increased mortality in older patients [82,83] as 

well as their inability to co-operate with standard treatments. We have 

used the Folstein Mini-Mental State Examination score (MMSE) to assess 

the cognitive status of our study patients. This [89] is a well-validated 

tool, which is commonly used in everyday clinical practice in geriatric 

medicine. It samples various functions including arithmetic, memory 

and orientation. MMSE is reported on a scale of 0-30. Patients are 

scored on the 11 components of MMSE given in Table 2.  

 

In addition, psychiatric morbidity, especially depression, is common in 

cancer patients and there is evidence that it is associated with reduced 

survival from conditions such as ischaemic heart disease and cancer 

[90]. The psychological ability to adapt to illness and treatment is an 

important aspect of the management of any cancer patient. We have 

used the short version of Geriatric Depression Score (GDS, Table 3), 

which is a well-validated screening tool to identify those patients 



	
   50	
  

requiring further assessment for depression (91). The GDS comprises 

four questions and responses are assigned a score of zero or one based 

on their answers as per Table 3. The final GDS is calculated out of four.  
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Table-2. Mini-Mental State Examination (MMSE) 

Maximum 
Score 

Patient’s 
Score 

Questions 

5  “What is the year? Season? Date? Day of the week? Month?” 
 

5  “Where are we now: State? County? Town/city? Hospital? Floor?” 
 

3  The examiner names three unrelated objects clearly and slowly, 
then asks the patient to name all three of them. 
The patient’s response is used for scoring. The examiner repeats 
them until patient learns all of them, if possible. Number of trials: 
___________ 
 

5  “I would like you to count backward from 100 by sevens.” (93, 86, 
79, 72, 65, …) Stop after five answers. 
Alternative: “Spell WORLD backwards.” (D-L-R-O-W) 
 

3  “Earlier I told you the names of three things. Can you tell me what 
those were?” 
 

2  Show the patient two simple objects, such as a wristwatch and a 
pencil, and ask the patient to name them. 
 

1  “Repeat the phrase: ‘No ifs, ands, or buts.’” 
 

3  “Take the paper in your right hand, fold it in half, and put it on the 
floor.” 
(The examiner gives the patient a piece of blank paper.) 

1  “Please read this and do what it says.” (Written instruction is 
“Close your eyes.”) 
 

1  “Make up and write a sentence about anything.” (This sentence 
must contain a noun and a verb.) 
 

1  “Please copy this picture.” (The examiner gives the patient a blank 
piece of paper and asks him/her to draw the symbol below. All 10 
angles must be present and two must intersect.) 
 
 
 
 
 
 
 

30  TOTAL 
Patients are scored based on their responses to the above questions and the tasks 

assigned. Final MMSE score is calculated out of 30. (Adapted from Rovner & Folstein, 

1987 [89]). 



	
   52	
  

Table-3. Geriatric Depression Score (GDS-4) 

S.No Questions Answer/Score 

1 Are you basically satisfied with your life? Yes=0 

No=1 

2 Do you feel that your life is empty? Yes=1 

No=0 

3 Are you afraid that something bad is going to happen to you? Yes=1 

No=0 

4 Do you feel happy most of the time? Yes=0 

No=1 

 Total score      /4 

 

Patients are asked the above four questions and assigned a score of zero or one. Final 

GDS is calculated out of four. (Adapted from D’Ath P and Katona P, 1994 [91]). 
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1.8.3 Functional Assessment 

 

Functional dependence has been shown to have an independent 

association with mortality in older people [84,85]. A number of scales 

are available that assess the older person’s ability to function in a 

personal, as well as in a global setting, though evidence is often 

obtained from the elderly without cancer (e.g. Katz index [77]) or non-

elderly cancer patients (e.g. Karnofsky performance status [92]).  The 

Barthel Index for Activities of Daily Living [93], originally developed to 

assess patients with neurological disorders, has been recommended by 

the Royal College of Physicians and British Geriatrics Society [94] for 

the assessment of activities of daily living. We also used the Barthel 

Index (ADL, Table 4) to assess personal activities of daily living in our 

study group. It comprises 10 sections and can use patient reports, 

direct health care professional or carer observations to assess 

dependence in activities of daily living, and is useful for identifying 

specific care needs. 

 

In addition, to assess function in more global domains, like shopping, 

cleaning, driving, drug management & finances, etc, Instrumental 

Activities of Daily Living Index [95] or ECOG Performance Status [96] is 

used. The Lawton Instrumental Activities of Daily Living Scale (IADL, 

Table 5) is an appropriate instrument to assess independent living 
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skills. These skills are considered more complex than the basic activities 

of daily living. The instrument is most useful for identifying how a 

person is functioning at the present time, and to identify improvement 

or deterioration over time. There are eight domains of function 

measured with the Lawton IADL scale. Women are scored on all eight 

areas of function (for men, the areas of food preparation, 

housekeeping, laundering are excluded). A summary score ranges from 

zero (low function, dependent) to eight (high function, independent) for 

women. 
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Table-4. Barthel Index of Daily Living (ADL) 

No Assessment of activities Score  

Incontinent (or needs to be given 
enema) 

0 points  

Occasional accident (once a week)  1 point  

1 Bowel status 

Fully continent  2 points  

Incontinent or catheterized and 
unable to manage  

0 points  

Occasional accident (max once per 
24 hours)  

1 point  

2 Bladder status 

Continent (for more than seven 
days)  

2 points  

Needs help with personal care: face/ 
hair/ teeth / shaving  

0 points  3. Grooming 

 
Independent (implements provided) 1 point  

Dependent  0 points  

Needs some help but can do 
something alone  

1 point  

4. Toilet Use 

 

Independent (on and off/ wiping/ 
dressing) 

2 points  

Unable  0 points  

Needs help in cutting / spreading 
butter/ etc 

1 point  

5. Feeding 

Independent (food provided within 
reach) 

2 points  

Unable (as no sitting balance)  0 points  

Major help (physical/ one or two 
people)  

1 point  

Can sit minor help (verbal or 
physical) 

2 points  

6. Transfer 
 

Independent 3 points  

Immobile  0 points  

Wheelchair-independent (including 
corners etc)  

1 point  

7. Mobility 

Walks with help of one person 
(verbal or physical)  

2 points  

  Independent   3 points  

Dependent  0 points  

Needs help but can do about half 
unaided  

1 point  

8. Dressing 

Independent (including buttons/ 
zips/ laces/ etc.)   

2 points  

Unable  0 points  9. Stairs 

Needs help (verbal/ physical/ 
carrying aid)  

1 point  
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  Independent up and down 2 points  

Dependent 0 points  10 Bathing 

Independent   1 point  

 Barthel Index/ 
ADL score (Max 
20) 

      /20 

Patients are assessed and/or evidence about dependence is sought from observers, in 

the 10 sections of personal activities of daily living, and scored accordingly. Final ADL 

score is calculated out of 20. (Adapted from Mahoney F, Barthel D.  Functional 

evaluation: the Barthel Index. MD State Med J 1965; 14: 61-66 [93]). 
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Table-5. The Lawton Instrumental Activities of Daily Living Scale 

S.No Tasks Score 

1 Ability to Use Telephone  

 Operates telephone on own initiative; looks up and dials 

numbers 

1 

 Dials a few well-known numbers 1 

 Answers telephone, but does not dial 1 

 Does not use telephone at all 0 

2 Shopping  

 Takes care of all shopping needs independently 1 

 Shops independently for small purchases 0 

 Needs to be accompanied on any shopping trip 0 

 Completely unable to shop 0 

3 Food Preparation  

 Plans, prepares, and serves adequate meals independently 1 

 Prepares adequate meals if supplied with ingredients 0 

 Heats and serves prepared meals or prepares meals but does 

not maintain adequate diet  

0 

 Needs to have meals prepared and served  0 

4 Housekeeping  

 Maintains house alone with occasion assistance (heavy work) 1 

 Performs light daily tasks such as dishwashing, bed making 1 

 Performs light daily tasks, but cannot maintain acceptable 

level of cleanliness 

1 

 Needs help with all home maintenance tasks  1 

 Does not participate in any housekeeping tasks 0 

5 Laundry  

 Does personal laundry completely 1 

 Launders small items, rinses socks, stockings, etc  1 

 All laundry must be done by others  0 

6 Mode of Transportation  

 Travels independently on public transportation or drives own 

car  

1 

 Arranges own travel via taxi, but does not otherwise use 1 
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public transportation 

 Travels on public transportation when assisted or 

accompanied by another 

1 

 Travel limited to taxi or automobile with assistance of another  0 

 Does not travel at all 0 

7 Responsibility for Own Medications  

 Is responsible for taking medication in correct dosages at 

correct time  

1 

 Takes responsibility if medication is prepared in advance in 

separate dosages 

0 

 Is not capable of dispensing own medication 0 

8 Ability to Handle Finances  

 Manages financial matters independently (budgets, writes 

checks, pays rent and bills, goes to bank); collects and keeps 

track of income 

1 

 Manages day-to-day purchases, but needs help with banking, 

major purchases, etc 

1 

 Incapable of handling money  0 

 Total Score (maximum 8)  

 Scoring: For each category, circle the item description 

that most closely resembles the client’s highest 

functional level (either 0 or 1). 

 

Patients are assessed and/or evidence about dependence is sought from 

observers, in each of the eight domains in the table and scored accordingly. 

Final IADL score is calculated out of 8. (Adapted from Lawton, M.P., & Brody, 

E.M. (1969) [95]).  
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1.8.4 Assessment of Fitness for Anaesthesia 

	
  

The American Society of Anaesthesiologists grade was developed in 

1963 as an attempt to estimate fitness for anaesthesia. In the UK, pre-

operatively, patients are assigned an ASA score (Table 6) after 

assessment by an anaesthetist. Although the ASA score provides a 

general measure of the well being of patients, it has been reported as 

an important predictor of peri-operative and early post-operative 

mortality in patients undergoing surgery [97,98]. We have used ASA as 

part of our comprehensive geriatric assessment and to assess patients’ 

fitness for general anaesthesia. The anaesthetic assessment includes 

previous surgical history, medical and drug history, and clinical 

examination, including that of the airway and the teeth.  
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Table-6. American Society of Anesthesiologists (ASA) scale  

ASA 
Grade 

Patient's Health Status of Under-
lying Disease 

 

Limitations on 
Activities 

Risk of Death 

I Excellent; no 
systemic disease; 
excludes persons 
at extremes of age 

 

None None None 

II Disease of one 
body system 

 

Well-controlled None None 

III Disease of more 
than one body 
system or one 
major system 

 

Controlled Present but 
not 
incapacitated 

No immediate 
danger 

IV Poor with at least 
1 severe disease 

 

Poorly controlled 
or end stage 

Incapacitated Possible 

V Very poor, 
moribund 

 

  Incapacitated Imminent 

Patients are assessed and assigned an ASA grade based on their health assessment  

as outlined in the table. (Adapted from The Institute for Algorithmic Medicine, 

Houston, TX, USA).   

 

 
 
 

 

 

 

 



	
   61	
  

1.9 Hypothesis & Aim  

 

This study tested the hypothesis that comprehensive geriatric 

assessment can be used to predict two-year survival in older patients 

with early breast cancer.  

 

The specific aims of this project were: 

 

1. To develop a treatment algorithm, based on comprehensive geriatric 

assessment scoring and its predicted survival, which could then be used 

for guidance to recommend whether primary endocrine treatment or 

surgery plus endocrine treatment would be best indicated in individual 

older breast cancer patients. 

 

2. To apply the developed algorithm to the process of comprehensive 

assessment of older breast cancer patients, as used in the Leicester 

research clinic, to assess the relationship between treatment decisions 

and survival and hence test the validity of the algorithm.  
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Chapter 2. Methods 
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2.1 Methods 

Study Design: 

The study was designed as a prospective cohort study to evaluate 

comprehensive geriatric assessment as an intervention to guide 

treatment of breast cancer in elderly patients.  

 

Setting: 

The study was conducted at the department of breast surgery, 

University Hospitals of Leicester, NHS trust, United Kingdom. This 

department is part of a large breast cancer centre and caters for 

patients from all the Leicestershire area with a population of more than 

900,000. Data for this study was collected from a special clinic 

established for patients with early breast cancer considered unfit for, or 

declining, standard treatment. Patients were referred to this special 

clinic, by any of the consultant breast surgeons in the unit, after they 

had a core biopsy confirming cancer, with tumour hormone receptor 

status, breast imaging, simple staging investigations and an ECG.  

 

Inclusion criteria: 

Breast cancer patients seen in the Leicester clinic for patients with early 

breast cancer considered potential unfit for, or declining, standard 
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treatment from January 2005 to April 2007 were included in this study 

if they: 

1. were of age 70 years or above 

2. had early stage breast cancer 

3. had been diagnosed within the last year 

Exclusion criteria: 

1. Patients not considered for surgery or PET 

2. Patients with locally advanced or metastatic disease 

3. Patients lost to follow up in the two years since they were first 

seen 

4. Patients with missing CGA records 

End point: Survival at two-year was the end point. Patients were 

followed up every 3, 6, or 12 months for two years or till death if they 

died earlier. The study ended in May 2009, after the two-year follow-up 

of all patients was completed (see recruitment flow chart for 

enrollment, page 63). 
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2.2 Data collection: 

All patients in the study had comprehensive assessment and scoring of 

physical and mental function plus co-morbidity, using a standardised 

proforma, undertaken by a team of clinicians including a Geriatrician, 

Anaesthetist and a Breast Surgeon. A summary of the CGA components 

and their scoring is given in Table-7. A Microsoft Excel spreadsheet was 

developed in which data from the standardised proforma was collected. 

Validation checks of quality of data entry were performed and verified. 

Apart from the CGA, other baseline data was collected as in Table-8: 
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Table-7. Components of Comprehensive Geriatric Assessment 
and their scoring 
 
 
Component of CGA 
 

 
Acronym 

 
Score 
range 

 
Interpretation 

Satariano’s Index of 
Co-morbidities 
 

SIC 0-7 Increasing score = Increasing 
number of key co-morbidities 
 
 

Mini-Mental State 
Examination 

MMSE 0-30 Increasing score = Increasing 
level of cognition 
 
 

Geriatric Depression 
Score 
 

GDS 0-4 Increasing score = Increasing 
depression 
 
 

Activities of Daily Living ADL 0-20 Increasing score = Increasing 
level of independence 
 
 

Instrumental Activities 
of Daily Living 
 

IADL 0-8 Increasing score = Increasing 
level of independence 
 
 

American Society of 
Anaesthesiologist Scale 
 

ASA 1-4 Increasing score = Increasing 
risk of death with anaesthesia 
and surgery 
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Table-8. Patients’ baseline data record 

S.No Patients data 
 

Recorded 

1. Patient identification number Hospital number 
 

2. Age of patient at the time of first clinic 
appointment 

In years 
 

3. Date of diagnosis Day/month/year 
 

4.  Core Biopsy results 
 

Type and grade of cancer 
 

5. Oestrogen receptor and Progesterone 
receptor status of the tumour on core 
biopsy  

Positive/negative 

6. Locally advanced or metastatic breast 
cancer 

Yes/no 

7. Type of treatment recommended 
 

Surgery/PET 

8. Type of treatment received 
 

Surgery/PET 

9. Type of Anaesthesia 
 

General or Local Anaesthesia 

10. Type of Adjuvant treatment 
recommended 
 

Endocrine therapy/ 
Radiotherapy/chemotherapy 

11.  Histopathology result after surgery 
 

Tumour size, grade, receptor status 

12. Peri and Post-operative mortality During the operation or within the 
first 30 days after the operation 

13. Post-operative local complications Wound infection, seroma, 
hematoma 

14. Post-operative systemic complications Chest infection, vomiting, urinary 
tract infection, post-operative Atrial 
fibrillation, other problems. 

15.  Post-op hospital stay 
 

In days 

16. Date of last follow-up 
 

Day/month/year 

17. Survival  
 

Alive/dead 

18. Duration of follow-up (last visit if alive 
or the date when died) 
 

In months 

19. Follow-up status 
 

Disease free/recurrence 

20. Progression of disease on clinical and/or 
radiological measurement 
 

Yes/no 

21. Cause of death if dead 
 

From death certificate if available 
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Variables’ scoring and cut-offs: 

 

To develop a simple and clinically useful prognostic index that could be 

used in a busy breast clinic, we dichotomised the scores of the CGA 

components for our analysis. The cut-offs used for dichotomising 

variables scores were based on clinical relevance and evidence from 

previous published studies. 

 

1). Satariano’s Index of Co-morbidities (SIC): SIC has been scored 

according to Table-1. Based on evidence and recommendations from 

the original study by Satariano et al. (25) we grouped patients into two 

categories for data analysis. Patients who had less than three co-morbid 

conditions were scored as 0, whereas those with three or more co-

morbid conditions were scored as 1.  

    

SATARIANO INDEX OF CO-MORBIDITIES 
 
SIC SCORE             SCORE FOR ANALYSIS 
0-2 0 
3-7 1 
 
 

 

2). Mini Mental State Examination (MMSE): MMSE was scored 

according to Table-2. Consistent with earlier studies [76,99,100] 

patients were grouped into two categories for this analysis. Those with 
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little evidence of significant cognitive impairment (MMSE 20-30) were 

scored as 0. Patients with a lower MMSE (0-19), indicating significant 

cognitive impairment, were scored as 1.  

 

MINI-MENTAL STATE EXAMINATION 
 
MMSE SCORE SCORE FOR ANALYSIS 
20-30 0 
0-19 1 
 
 
Patients who had no formal MMSE due to language & other problems 

were considered as missing in the MMSE data analysis. Those patients 

who had incomplete MMSE due to eyesight problems, inability to write 

or other reasons; their score was re-calculated out of 30 and then 

grouped accordingly [100].  

 

3). Geriatric Depression Score (GDS): GDS scoring was recorded 

according to Table-3. Patients were categorised into two groups based 

on their GDS, as used in other studies [91,101]; those with no evidence 

of depression were scored as 0, and those with depressive symptoms 

were scored as 1.  

 

GERIATRIC DEPRESSION SCALE 

 
GDS SCORE SCORE FOR ANALYSIS 
0 0 
1-4 1 
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4). Activities of Daily Living (ADL) score: the ADL score was 

recorded according to Table-4. Patients were grouped into two 

categories based on their ADL score. Those with no or minor 

dependency in their ADL functions (ADL score of 12-20) were scored as 

0. Patients who had significant dependency in their ADL functions (ADL 

score of <12) were scored as 1. This cut-off is clinically meaningful and 

has been used by other published studies [102,103,104]. 

 
ACTIVITIES OF DAILY LIVING 
 
ADL SCORE SCORE FOR ANALYSIS 
12- 20 0 
0-11 1 
 

 

5). Instrumental Activities of Daily Living (IADL) score: Patients 

had their IADL recorded according to Table-5. Patients were grouped 

into two categories based on their IADL score; those with a normal 

IADL score (8) and those with limitations on IADL (0-7) showing 

dependency in one or more IADL functions. This cut-off has been used 

by other published studies [82,105].  

 
 
INSTRUMENTAL ACTIVITIES OF DAILY LIVING 
 
IADL SCORE SCORE FOR ANALYSIS 
8 0 
0-7 1 
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6). American Society of Anaesthesiologists (ASA) score: The ASA 

score was recorded according to Table-6. Patient’s age and breast 

cancer did not contribute to the ASA score. Consistent with other 

studies [97] patients with an ASA score of 1-3 were grouped as having 

mild to moderate risk and given a score of 0. Those with ASA score of 4 

were grouped as high risk and scored as 1. There was no patient with 

ASA grade 5 in the study.  

 
 
AMERICAN SOCIETY OF ANAESTHESIOLOGIST SCORE 
 
ASA SCORE SCORE FOR ANALYSIS 
1-3 0 
4 1 
 
 

 

2.3 Statistical Analysis 

 

Various statistical tests could be used to explore relationship between a 

dependent variable and independent variable/s. The two commonly 

used tests are logistic regression and Cox proportional hazards model. 

Other tests include Fisher’s exact and chi square.  

 

Both logistic regression and Cox proportional hazards models are widely 

used in medical studies (75,76,77,84) for analysing a relationship 

between several risk factors and a time-related event. The Cox model 
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uses outcome as ‘time to event’ whereas in Logistic regression the 

outcome is a binary or dichotomous variable.  

 

Fisher's exact test can be used for data in a two by two contingency 

table. It provides a p-value without confidence intervals and cannot 

adjust for confounding variables. The Chi-square test can also explore 

whether two categorical variables are related by comparing expected 

counts to observed counts.   

 

Statistical analysis for this study was designed with the help of a 

qualified statistician from the Trent Research & Development Support 

Unit, Leicester. We used logistic regression analysis to explore any 

association between the components of the CGA and two-year survival 

in the study population. Statistical software SPSS version 19 was used 

for this analysis. 

 

Logistic regression is a flexible technique for analysing relationships 

between multiple independent variables and a single dependent 

variable. It is relatively free of restrictions, and with the capacity to 

analyse a mix of all types of predictors (continuous, discrete, and 

dichotomous). There are no assumptions for predictors to be normally 

distributed, linearly related, or of equal variance in logistic regression.  
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The minimum ratio of valid cases to independent variables for logistic 

regression is 10 to 1. In our study, there were six variables 

(components of the CGA). We planned to run a univariate regression 

analysis with individual components of the CGA, to explore their 

association with two-year survival. The variables with significant 

association were to be included into a multivariate regression analysis 

to find if they retain their ability to predict two-year survival in the 

study population. Based on these predictor variables a prognostic model 

was planned to be built that could help in predicting two-year survival in 

elderly breast cancer patients. We were expecting no more than four 

variables having a significant association with two-year survival in our 

study population. Therefore, we needed at least 40 events (deaths in 

the study population within two years of assessment) in order to 

perform a valid multivariate logistic regression analysis. A p-value of 

<0.05 was selected as a cut-off for significant association between the 

variables and two-year survival. 

   

Univariate logistic regression analysis was performed using patients’ 

survival at two-year (Dead/Alive) as the dependent variable and 

components of the CGA individually as covariates/variables. Association 

was also explored between patients’ age and their two-year survival. 

We used the default forced entry method in SPSS for model building.  
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Initially, analysis was done with the original score of the CGA 

component as a continuous variable to find if there was a valid 

statistically significant correlation between the covariate and the 

dependent variable. Analysis was then performed with the dichotomised 

score of the component, to make sure the relation was clinically 

relevant. Because of the low number of events in the study population 

(22 deaths before two years) a multivariate logistic regression analysis 

that would include all significant variables could not be performed. 

Therefore, the dichotomised score of individual variables that proved to 

have significant association with two-year survival in the study 

population were combined into a single variable named as Breast 

Cancer in Elderly Treatment Algorithm (BCETA) score. The BCETA score 

was analysed further using logistic regression analysis to see if it could 

be used as a prognostic index for two-year survival in the study 

population. Analysis was performed again after including patients’ age 

and co-morbidity status in the model. Finally, it was made sure that the 

survival prognostic value of the BCETA score is higher than those 

provided by the individual variables utilised for constructing it by 

calculating C-statistics value (area under ROC curve) for BCETA and the 

individual variables.  
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The logistic regression analysis output using SPSS is summarised below 

in four steps: 

 

Step 1  

Case processing summary: This is a summary of the number of cases 

included in the analysis and the missing data. 

 

Step 2  

Omnibus Tests of Model Coefficients: The presence of a relationship 

between the dependent variable and independent variables is based on 

the statistical significance of the model chi-square. The probability of 

the model chi-square (shown as “Sig” in the table) in the Omnibus test 

should be less than or equal to the level of significance of 0.05. This 

corresponds to the research conclusion that there is adequate fit of the 

data to the model. 

 

Step 3 

Variables in the Equation: In this step logistic regression analysis shows 

if there is any statistically significant correlation between the 

independent variable and dependent variable (shown as “Sig or p-

value” in the table). A value of <0.05 is taken to show significance. 
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Step 4 

Classification Table: If a statistically significant correlation is found 

between independent variables and the dependent variable then the 

classification table shows the predictive value of the independent 

variable. In this analysis it shows how exactly a component of CGA can 

predict two-year survival in older breast cancer patients.   

Note: Step 4 is omitted if no statistically significant correlation is found 

in step 3. 

 

2.4 Validation of results 

 

Results of the statistical analysis were reviewed and confirmed by a 

statistician from the Trent RDSU and Audit & case team, University 

Hospitals of Leicester, NHS trust. Ideally, the results should be 

validated by applying the BCET Algorithm to a prospective set of similar 

patients, preferably in a different location; however, due to restriction 

of time & resources it was not possible. We therefore used a 

bootstrapping technique for validation of the results.  

 

Bootstrapping is a valid method for internal replication & validation of 

statistical analysis and has been used in other medical studies 

[106,107]. The bootstrap method analyses results by replication across 
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studies, mixing up the participants in a given study in many different 

ways, to determine whether the results are stable across numerous 

combinations of study participants [108]. With bootstrapping, the only 

assumption required is that the sample be representative of the 

population [109,110]. Like any method, the bootstrap has advantages 

and limitations. For example, the bootstrap cannot make an 

unrepresentative sample representative. Nevertheless, given reasonable 

sample data, the advantages of the bootstrap method include freedom 

from distributional assumptions & the ability to study any statistic of 

interest [109]. 

 

We used SPSS version 19 to perform the bootstrap analysis. One 

thousand bootstrap samples were selected of the same size as the 

original dataset, but chosen with replacement. Bootstrap analysis of the 

1000 bootstrap samples was performed to confirm the stability of our 

results. Results were displayed to show the significance level (p-value) 

and the confidence interval of B-coefficients from the logistic regression 

analysis of the bootstrap samples. A p-value of less than 0.05 was 

considered as significant and confirming the stable association of the 

BCETA score and two-year survival in our patients.   
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2.5 Testing the BCET Algorithm  

 

In the Leicester research clinic for early breast cancer, a team of 

clinicians including a Geriatrician, Anaesthetist and a Breast Surgeon, 

comprehensively assessed elderly breast cancer patients and 

recommended treatment decisions based on their clinical assessment. I 

selected all eligible patients seen in the Leicester research clinic from 

January 2005 to April 2007, and compared the clinical decisions made 

in Leicester research clinic with the treatment decisions that would have 

been made if we had applied BCETA to those patients. Results were 

analysed to find if clinical assessment supplemented by the BCETA 

score is a better approach than clinical assessment alone in identifying 

patients who would or would not survive for two years, based on which 

an optimal treatment could be recommended for their breast cancer.  
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Chapter 3. Results 
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3.1 General Summary of the Data 

 

Two hundred patients were seen in the Leicester clinic for frail and/or 

reluctant patients with early breast cancer, from January 2005 to April 

2007. Seventy-five patients did not fulfill the inclusion criteria. Fourteen 

of them were younger than 70.  Forty-one were diagnosed more than a 

year ago and twenty patients already had locally advanced or 

metastatic disease.  

 

A total of 125 patients fulfilled the inclusion criteria. Two patients were 

excluded from the final analysis. One patient developed metastatic 

disease after surgery and second patient was diagnosed with DCIS but 

received no treatment.    

 

The study, therefore, included a total of 123 patients seen in the 

Leicester clinic who fulfilled the inclusion and exclusion criteria. Twenty-

two (18%) of them died before two years and 101 (82%) were alive 

and completed two-year follow up. The median age of these patients 

was 82 with a range of 70-94. 

 

Surgical treatment 
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Sixty-seven percent (82/123) patients received surgery for their breast 

cancer.  Forty-one percent (34/82) had mastectomy plus axillary node 

surgery and forty-three percent (35/82) had wide local excision plus 

axillary node surgery. Sixteen percent (13/82) of the patients who had 

wide local excision had no axillary surgery.  A total of 84% (69/82) 

patients had axillary surgery. Sixty-five percent (53/82) of patients had 

sentinel node biopsy or axillary node sampling and twenty percent 

(16/82) had axillary node clearance. Of the 13 patients who did not 

receive any axillary surgery, 5 had DCIS and required no axillary 

surgery. Axillary surgery omitted in the remaining eight patients was 

not expected to benefit them or impact on their further management.  

 

Ninety-six percent (79/82) patients had an operative procedure under 

general anaesthesia.  Only four percent (3/82) patients had their 

operative procedure (wide local excision) under local anaesthesia.  

 

Primary Endocrine Treatment 

 

Thirty-three percent (41/123) patients received PET. Of these 73% 

(30/41) patients received tamoxifen and 27% (11/41) received 

anastrazole as PET. Those who received PET, 29% (12/41) of them had 
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a complete response and 71% (29/41) had a partial response or their 

disease was static.  

 

Histology 

 

Histology of the core biopsies showed majority of the cancers to be 

ductal carcinomas (96/123, 78%). Ten percent (12/123) of patients had 

lobular cancer and eight percent (10/123) had DCIS. Another two 

percent (3/123) of patients had mucinous cancer and two percent 

(2/123) had a mixed pattern of breast cancer.  

 

Hormone receptors (Oestrogen receptors) were positive in 90% 

(111/123) of patients. Receptor status was not reported for five percent 

(6/123), in patients who had DCIS alone.  Five percent (6/123) of 

patients had hormone receptor negative breast cancer (and all of them 

had surgery). 

 

The size of the breast cancer varied from 3-60mm with a mean size of 

23mm. Histology of the breast cancer after surgery showed 48/82 

(59%) patients had grade-2 cancer. Fifteen out of eighty-two (18%) 

patients had grade-3 and twelve out of eighty-two (15%) patients had 

grade-1 cancer. Seven (9%) patients had DCIS alone on final histology.  
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Peri-operative & Post-operative morbidity & mortality 

 

None of the patients died within the first 30 days of their surgery. 

Twenty-two patients died during the two-year follow-up; however, none 

of them died because of breast cancer. Ten percent (8/82) of patients 

had some sort of systemic complication such as a chest infection, 

vomiting, urinary tract infection (UTI), and post-operative Atrial 

Fibrillation (AF). Twenty-one percent (17/82) had experienced local 

complications such as a wound infection, haematoma or seroma.  
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Table 9. General Summary of the Data   
 

 
 

General Summary 
 
Total patients seen in Leicester clinic for 
frail and/or reluctant patients with early 
breast cancer from 01/2005 to 04/2007 

 
200 

 
Patients who fulfilled inclusion criteria 

 
125 

 
Patients who were excluded from the final 
analysis based on the exclusion criteria 

 
2  
 

 
Total patients in the final analysis 

 
123 

 
Patients’ age 

 
Median 82 (range 70-94) 

 
Patients who completed 2-year follow-up 

 
101/123 (82%) 

 
Patients who died before completing 2-year 
follow-up 

 
22/123 (18%) 

 
Surgical Treatment   
 
Patients who had surgery 

 
82/123 (67%) 

 
Patients who had mastectomy plus axillary 
surgery 

 
34/82 (41%) 

 
Patients who had wide local excision plus 
axillary surgery 

 
35/82 (43%) 

 
Patients who had wide local excision 
without axillary surgery 

 
13/82 (16%) 

 
Axillary surgery 

Sentinel node biopsy/Axillary 
node sampling= 53/82 (65%) 
Axillary node 
clearance=16/82(20%) 
No axillary surgery=13/82(16%) 
 

 
Anaesthesia for surgery 

General anaesthetic= 79/82 
(96%) 
 
Local anaesthesia (WLE)= 3/82 
(4%)  
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Table 9. continued: 
 
 
Histology 
 
Cancer type (core biopsy) 

Ductal carcinoma= 96/123 
(78%) 
Lobular carcinoma= 12/123 
(10%) 
DCIS = 10/123 (8%) 
Mucinous= 3/123 (2%) 
Mix = 2/123 (2%) 
 

 
Cancer Grade (main specimen) 
 

Grade 1= 12/82 (15%) 
Grade 2= 48/123 (59%) 
Grade 3= 15/82 (18%) 
DCIS= 7/82 (9%) 

 
Tumour Size  

 
Mean= 23mm (3-60) 

 
Hormone Receptor status (core biopsy) 

 
ER positive= 111/123 (90%) 
ER negative= 6/123 (5%)  
No receptor status= 6 /123 
(5%) 

 
Primary Endocrine Treatment 
 
Patients who had PET 

 
41/123 (33%) 

 
Type of Primary Endocrine Treatment  

 
Tamoxifen= 30/41 (73%)  
Anastrazole= 11/41 (27%) 
 

Response to Endocrine therapy Complete response= 12/41 
(29%) 
Partial response/static = 29/41 
(71%) 
 

 
Peri-operative & Post-operative morbidity & mortality 
 
Peri-operative & Post-operative mortality 
(within 30 days)  

 
None (0%) 

 
Systemic complications (chest infection, 
UTI, vomiting, post-operative AF)  

 
8/82 (10%) 

 
Local complications (wound infection, 
hematoma, seroma) 
 
 
 

 
17/82 (21%) 
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3.2 Missing data 

 
 
A total of 123 cases qualified for the study analysis. Only five patients 

could not complete MMSE score due to language problems. Geriatric 

depression score could not be ascertained for 10 patients due to 

language problems and other reasons such as severe dementia. All 123 

patients had complete assessment scores for the other four variables 

(SIC, ADL, IADL & ASA).  

 

There was no drop out or loss to follow-up in the study. Those patients 

who could not complete MMSE or GDS, their scores were recorded as 

missing. Missing data is always prone to impact results and different 

measures are adopted to reduce the risk of bias due to missing data. 

These include: complete case analysis, available case analysis, and 

various imputation based approaches. In our study there were only two 

variables (MMSE and GDS) with few missing values. The values of these 

two variables were missing completely at random due to language and 

other problems that had no direct relation to the patients’ survival. 

Therefore, we handled the missing data based on available case 

analysis. Patients with missing variable scores were excluded from 

analysis when exploring the individual variable relationship with the 

dependent variable. The available case analysis is appropriate only 
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when there are few incomplete instances, whose influence on the rest of 

the population is minimal. It is commonly used in studies with limited 

missing data, resulting in an insignificant data loss from missing cases 

exclusion. This approach, however, has the problem that different 

analysis is based on different subsets of data and thus is not necessarily 

consistent with each other. To reduce the risk of bias and confirm the 

validity of our results we further assessed the impact of missing data in 

our final analysis by sensitivity analysis. 

 

There were five patients with missing MMSE score. They were excluded 

from the data analysis to find correlation between MMSE score and two-

year survival in our patients. Three out of the five patients with missing 

MMSE score had surgery and two of them survived beyond 2 years. The 

other two patients had endocrine therapy and survived more than 2 

years. Their mean age was 81 (Age range 71-90).  

 

GDS score could not be recorded for 10 patients. They were excluded 

from the data analysis to find correlation between GDS score and 2-

year survival in our patients. Eight of these ten patients had surgery 

and the remaining two had PET. All 10 survived beyond two years. Their 

mean age was 79 (age range 76-84). 
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The final BCETA score analysis in our study included 119 out of 123 

patients. Four patients were excluded from this analysis because of 

their missing MMSE score. We studied the potential impact of the 

missing MMSE score on the BCETA analysis results using best-case and 

worst-case scenario. We ran a sensitivity analysis by imputing the 

missing MMSE with a score of zero (best-case scenario), and then with 

a score of one (worst-case scenario). However, there was no significant 

change in the final outcome of BCETA analysis. The BCETA score 

remained highly significant (p-value 0.00) in predicting two-year 

survival in our study population.  
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3.3 Summary of Patients’ Variables in the Study 

 

1. Age of patients:   

The study included 123 patients, aged 70-94, with a median age of 82.  
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2. Satariano Index of Co-morbidities (SIC):  

 

The Satariano Index of Co-morbidities data was recorded for all 123 

patients in the study. The SIC score of patients ranged from zero to 

five, with a median score of one. Eighty-seven percent (107/123) 

patients in the study had two or fewer co-morbidities.  
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3. Mini-Mental State Examination score (MMSE): 

 

The Mini-Mental State Examination score was recorded for 118 patients 

in the study. Five patients were unable to have the assessment due to 

language problem. The MMSE score of patients in the study ranged 

from 3 to 30, with a median score of 28. Ninety-two percent (108/118) 

patients in the study population had minimal or no cognitive 

impairment. 
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4. Geriatric Depression Score (GDS): 

 

The Geriatric Depression Score was recorded for 113 patients in the 

study; data for 10 patients was missing. The GDS of patients in the 

study ranged from zero to four, with a median score of zero. Sixty-two 

percent (70/113) patients in the study population reported no 

depressive symptoms. 

 
 
 
 
 
 
 

 



	
   94	
  

5. Activities of Daily Living score (ADL):  

 

The Activities of Daily Living score (Barthel Index) was recorded for all 

123 patients in the study. The ADL score ranged from 2 to 20, with a 

median score of 19. About 11% patients (13/123) in the study had 

significant dependence in their ADL. 
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6. Instrumental Activities of Daily Living score (IADL):  

 

The Instrumental Activities of Daily Living score was recorded for all 

123 patients in the study. The IADL score ranged from zero to eight, 

with a median score of six. Seventy-three percent (90/123) patients of 

the study population had dependence in one or more IADL. 
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7. American Society of Anaesthesiologists score (ASA): 

 

The American Society of Anaesthesiologists score was recorded for all 

123 patients in the study. The ASA score ranged from one to four, with 

a median score of three. Apart from a very small proportion (10/123) of 

the study population who were considered as high-risk (ASA 4), 

majority of the patients were assessed as mild to moderate risk for 

general anaesthetic. 
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3.4 Statistical Analysis 
 
 
Univariate logistic regression analysis using individual components of 

the CGA as independent variables and survival at two years as the 

dependent variable was performed to explore if any of the patients’ 

variables, including age, were helpful in predicting their two-year 

survival.  

 
3.4.1 Age and two-year survival 
 
 
Table 10. Logistic regression analysis: Age and two-year survival in the 
study population 
 
Step Summary of logistic 

regression 
Results 
 
Included in the 
analysis 

123 

Missing cases 0 

1 Case processing summary 

Total 123 
2 Omnibus tests of model 

coefficients 
Sig (p-value) 0.46 

B 
 

0.03 

S.E 
 

0.04 

Wald 
 

0.54 

Df 
 

1 

Sig (p-value) 
 

0.46 

3 Variables in the equation 

Exp (B) 
(95% CI) 

1.0 
(0.9-1.1) 
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Logistic regression analysis was performed to explore if there is a 

statistically significant correlation between patients’ age and their two-

year survival in our study population. The analysis showed no 

statistically significant correlation between the two. Results of the 

analysis are summarized in table-10.  

 

All 123 patients were included in the analysis based on available case 

analysis. The Omnibus test of model coefficients did not support the 

existence of a relationship between the age of patients and their two-

year survival (p=0.46).  

 

Variables in the equation provide final results of the regression analysis. 

  

B - is the coefficient of regression and is in log-odds units. It denotes 

the value for the logistic regression equation for predicting the 

dependent variable (two-year survival) from the independent variable 

(age).  As the value of the coefficient in this equation (0.03) is not 

significantly different from zero, therefore it means that age, as an 

independent variable is not a significant predictor of two-year survival 

in our study population.  
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S.E. – is the standard error associated with the coefficient. It is used for 

testing whether the parameter is significantly different from zero.  

 

Wald and Sig. - These provide the Wald chi-square value and the p-

value used in testing the null hypothesis that the coefficient is zero.  In 

this equation, the value of coefficient p-value (Sig. 0.46) is higher than 

0.05, therefore, the null hypothesis is considered as true signifying no 

statistically significant correlation between age and two-year survival in 

our study patients. 

 

df - This lists the degrees of freedom for each of the tests of the 

coefficients. 

 

Exp(B) – It is the odds ratio for the predictor (age) and is the 

exponentiation of the coefficient (B). It provides information about the 

relationship between the independent variable and the dependent 

variable, where the dependent variable is on the logit scale. This 

estimate tells us the amount of increase (or decrease, if the sign of the 

coefficient is negative) in the predicted log odds of a variable (two-year 

survival) that would be predicted by a 1 unit increase (or decrease) in 

the predictor (age), holding all other predictors constant.  The odds 

ratio value of 1 indicates no significant correlation between age and 
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two-year survival in our patients with 95% confidence that the true 

value of odds ratio is between 0.9 and 1.1 (a value of odds ratio 

confidence intervals that contain 1 is non-significant). 

 

3.4.2 Satariano Index of Co-morbidities (SIC) and two-year 

survival  

 
Table 11. Logistic regression analysis: SIC and two-year survival in the 
study population 
 
 
Step 

 
Summary of logistic 
regression 

 
Results 
 
Included in the 
analysis 

123 

Missing cases 
 

0 

1 Case processing summary 

Total 123 
2 Omnibus tests of model 

coefficients 
Sig (p-value) 0.91 

B 
 

-0.47 

S.E 
 

0.79 

Wald 
 

0.35 

Df 
 

1 

Sig (p-value) 
 

0.55 

3 Variables in the equation 

Exp (B) 
(95% CI) 
 

0.6 
(0.1-2.2) 

 

Logistic regression analysis explored the relationship between patients’ 

SIC score and their two-year survival in the study population.  The 
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analysis showed no statistically significant correlation between the two. 

Results of the analysis are summarized in table-11.  

 

The value of regression coefficient (-0.47) as well as the Sig. (p-value) 

of 0.55 supports the null hypothesis that SIC is not a significant 

predictor of two-year survival in our patients. The odds ratio of 0.6 

indicates a negative relationship, meaning that patients with an SIC 

score of 3 or higher are 1.7 times less likely to die before two years 

compared to those who have an SIC score of less than 3. However, the 

95% confidence intervals of the odds ratio vary from 0.1-2.2. This 

means the relationship could be a positive or negative relationship and 

is non-significant as the 95% confidence intervals contains 1. 

 

3.4.3 Mini Mental State Examination (MMSE) score and two-year 

survival 

 
Logistic regression analysis explored the relationship between patients’ 

MMSE score and their two-year survival in the study population. Five 

patients with missing MMSE values were excluded and analysis was run 

on available case basis. The analysis showed a statistically significant 

correlation between patients’ MMSE and their two-year survival. Results 

of the analysis are summarized in table-12.  
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Table 12. Logistic regression analysis: MMSE and two-year survival in 
the study population 
 
 
Step 

 
Summary of logistic 
regression 

 
Results 
 
Included in the 
analysis 

118 

Missing cases 5 
 

1 Case processing summary 

Total 123 
 

2 Omnibus tests of model 
coefficients 

Sig (p-value) 0.02 

B 1.74 
 

S.E 0.69 
 

Wald 6.46 
 

Df 1 
 

Sig (p-value) 0.01 
 

3 Variables in the equation 

Exp (B) 
(95% CI) 

5.7 
(1.5-22.1) 

Percentage 
correct (Alive) 

94.8 

Percentage 
correct (Dead) 

23.8 

4 Classification table 

Total 82.2 

 

The value of regression coefficient (1.74) and Sig. (p-value) of 0.01 

supports that MMSE is a significant predictor of two-year survival in our 

patients. The odds ratio of 5.7 indicates a positive relationship, meaning 

that patients with an MMSE score of 19 or less are 5.7 times more likely 

to die before two years compared to those who have MMSE score of 
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greater than 19. The 95% confidence intervals of the odds ratio 

supports this relationship and indicates that with 95% confidence it 

could be predicted that the true value of MMSE odds ratio lies between 

1.5 and 22.1. The confidence intervals do not contain 1 confirming a 

statistically significant relationship. The classification table data shows 

percentage of cases correctly predicted and the overall accuracy of 

MMSE score to predict two-year survival in the study population. 

 
 
3.4.4 Geriatric Depression Score (GDS) and two-year survival 

 

Table 13. Logistic regression analysis: GDS and two-year survival in the 
study population 
 
 
Step 

 
Summary of logistic 
regression 

 
Results 
 
Included in the 
analysis 

113 
 

Missing cases 10 
 

1 Case processing summary 

Total 123 
 

2 Omnibus tests of model 
coefficients 

Sig (p-value) 0.52 

B 0.16 
S.E 0.22 
Wald 0.54 
Df 1 
Sig (p-value) 0.46 

 

3 Variables in the equation 

Exp (B) 
(95% CI) 
 

1.2 
(0.8-1.8) 
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Logistic regression analysis explored the relationship between patients’ 

GDS score and their two-year survival in the study population.  Analysis 

was run on available case basis after excluding 10 patients with missing 

GDS score. The analysis showed no statistically significant correlation 

between the two. Results of the analysis are summarized in table-13.  

 

The value of regression coefficient (0.16) and the Sig. (p-value) of 0.46 

support the null hypothesis that GDS is not a significant predictor of 

two-year survival in our patients. The odds ratio of 1.2 indicates that 

patients with a GDS score of one or higher are 1.2 times likely to die 

before two years compared to those who have a GDS score of zero. The 

95% confidence intervals of the odds ratio vary from 0.8-1.8 and 

contain 1. This essentially confirms that the relationship is not 

significant as it could be in either direction, a positive or a negative 

relationship.  

 

 
3.4.5 Activities of Daily Living (ADL) score and two-year 

survival. 

 
Logistic regression analysis explored the relationship between patients’ 

ADL score and their two-year survival in the study population. Analysis 

included all 123 patients and found a statistically significant correlation 

between the two. Results of the analysis are summarized in table-14.  
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Table-14. Logistic regression analysis: ADL and two-year survival in the 
study population 
 
 
Step 

 
Summary of logistic 
regression 

 
Results 
 
Included in the 
analysis 

123 

Missing cases 0 
 

1 Case processing summary 

Total 123 
 

2 Omnibus tests of model 
coefficients 

Sig (p-value) 0.02 

B 1.17 
 

S.E 0.62 
 

Wald 6.82 
 

Df 1 
 

Sig (p-value) 0.01 
 

3 Variables in the equation 

Exp (B) 
(95% CI) 

5.0 
(1.5- 16.9) 

Percentage 
correct (Alive) 

93.1 

Percentage 
correct (Dead) 

27.3 

4 Classification table 

Total 81.3 

 
 

The value of regression coefficient (1.17) and the Sig. (p-value) of 0.01 

confirms that ADL is a significant predictor of two-year survival in our 

patients. The odds ratio of five indicates that patients with an ADL score 

of 11 or less are five times more likely to die before two years 
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compared to those who have an ADL score of greater than 11. The 95% 

confidence intervals of the odds ratio shows that this risk could vary 

from 1.5 to 16.9 times. The overall accuracy for ADL to predict two-year 

survival in the study population is 81%. 

 

3.4.6 Instrumental Activities of Daily Living (IADL) score and 

two-year survival. 

Table-15. Logistic regression analysis: IADL and two-year survival in 
the study population 
 
 
Step 

 
Summary of logistic 
regression 

 
Results 
 
Included in the 
analysis 

123 

Missing cases 0 
 

1 Case processing summary 
 
 

Total 123 
 

2 Omnibus tests of model 
coefficients 

Sig (p-value) 0.07 

B -0.16 
 

S.E 0.09 
 

Wald 3.3 
 

Df 1 
 

Sig (p-value) 0.07 
 

3 Variables in the equation 

Exp (B) 
(95% CI) 
 

0.8 
(0.6-6.1) 
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Logistic regression analysis showed no statistically significant 

correlation between patients’ IADL score and their two-year survival. 

Results of the analysis are summarized in table-15.  

 

The value of regression coefficient (-0.16) and the Sig. (p-value) of 

0.07 confirms that IADL score is not a significant predictor of two-year 

survival in our patients. The odds ratio of 0.8 indicates that patients 

with an IADL score of seven or less are 1.25 times less likely to die 

before two years compared to those who have an IADL score of eight. 

The 95% confidence intervals of the odds ratio vary from 0.6 to 6.1, 

confirming the non-significant association that could be in either 

direction, positive or negative.  

 

3.4.7 American Society of Anaesthesiologists (ASA) score and 

two-year survival  

 

Logistic regression analysis showed a statistically significant correlation 

between patients’ ASA score and their two-year survival. All 123 

patients were included in the analysis. Results of the analysis are 

summarized in Table-16.  
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Table 16. Logistic regression analysis: ASA and two-year survival in the 
study population 
 
 
Step 

 
Summary of logistic 
regression 

 
Results 

Included in the 
analysis 

123 

Missing cases 0 
 

1 Case processing summary 

Total 123 
 

2 Omnibus tests of model 
coefficients 

Sig (p-value) 0.02 

B 2.51 
S.E 0.76 
Wald 10.96 
Df 1 
Sig (p-value) 0.001 

3 Variables in the equation 

Exp (B) 
(95% CI) 

12.2 
(2.8-54.0) 

Percentage 
correct (Alive) 

97 

Percentage 
correct (Dead) 

27.3 

4 Classification table 

Total 84.6 

 

The value of regression coefficient (2.51) and the Sig. (p-value) of 

0.001 confirm that ASA is a significant predictor of two-year survival in 

our study patients. The odds ratio of 12.2 indicates a positive 

relationship, meaning that patients with an ASA score of four are 12 

times more likely to die before two years compared to those who have 

an ASA score of three or less. The 95% confidence intervals of the odds 

ratio show that the risk could vary from 2.8 to 54 times. Overall 
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accuracy for ASA to predict two-year survival in the study population is 

85%. 

 
3.5 Development of Breast Cancer in Elderly Treatment 
Algorithm  
 
 

The score of the three CGA variables that showed a significant 

correlation with two-year survival in our study population was combined 

to make a single variable called as Breast Cancer in Elderly Treatment 

Algorithm (BCETA) score. For each of the three components, i.e. MMSE, 

ADL, and ASA, patients received a BCETA score of either 0, or 1 based 

on their dichotomised score. The score from these three components 

were added to give a final BCETA score based on which patients were 

divided into two groups. A low-risk group with a BCETA score of 0, and 

a high-risk group with BCETA score of 1 or higher.   

 
  
Final BCETA score 

 
Patient Group 

 
MMSE+ ADL+ASA = 0 
 

 
Low risk group  

 
MMSE+ADL+ASA = 1-3 
 

 
High risk group  

 

Logistic regression analysis was performed using the BCETA score as 

the independent variable and survival at two years as the dependent 

variable to find if the BCETA score is a significant predictor of two-year 
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survival in our patients. The analysis showed a strong and statistically 

significant correlation between patients’ BCETA score and their two-year 

survival. A total of 119 cases were included in the analysis after 

excluding 4 cases with missing data. Results of the analysis are 

summarized in table-17.  

 

Table 17. Logistic regression analysis: BCETA and two-year survival in 
the study population 
 
 
Step 

 
Summary of logistic 
regression 

 
Results 

Included in the 
analysis 

119 

Missing cases 4 
 

1 Case processing summary 

Total 123 
 

2 Omnibus tests of model 
coefficients 

Sig (p-value) 0.00 

B 1.97 
S.E 0.53 
Wald 13.9 
Df 1 
Sig (p-value) 0.00 

3 Variables in the equation 

Exp (B) 
(95% CI) 

7.2  
(2.6-20.3) 

Percentage 
correct (Alive) 

86.7 

Percentage 
correct (Dead) 

52.4 

4 Classification table 

Total 80.7 
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The value of regression coefficient (1.97) and the Sig. (p-value) of 0.00 

confirms that BCETA is a significant predictor of two-year survival in our 

study patients. Patients with a BCETA score of one or higher are 7 times 

more likely to die before two years compared to those who have a 

BCETA score of zero.  However, this risk could vary from 2.6 to 20 

times based on the 95% confidence intervals of the odds ratio. Overall 

the accuracy for BCETA to predict two-year survival in the study 

population is 81%. 
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BREAST CANCER IN ELDERLY TREATMENT ALGORITHM 

 
COMPREHENSIVE GERIATRIC ASSESSMENT  
 
 
1. MINI-MENTAL STATE EXAMINATION 
 

MMSE SCORE BCETA* SCORE 
20-30 0 
0-19 1 

 
 
2. ACTIVITIES OF DAILY LIVING 
 
ADL SCORE SCORE FOR ANALYSIS 
12- 20 0 
0-11 1 
 
 
3. AMERICAN SOCIETY OF ANAESTHESIOLOGIST SOCRE 
 
ASA SCORE BCETA SOCRE 
1-3 0 
4 1 
 
 
TOTAL BCETA SCORE 
 
 
TOTAL BCETA SCORE 
 

 
   SURVIVAL 

 
RECOMMENDED TXT 

0 
 

  90% > 2yr SURGERY + ET or PET 

1-3 
 

  46% < 2yr PET 

 
BCETA* - BREAST CANCER IN ELDERLY TREATMENT ALGORITHM  
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3.6 Summary of the statistical analysis 

 

Table-18 shows the overall summary of the univariate logistic 

regression analysis exploring association between the six components of 

CGA and two-year survival in the study population. The results show 

that individually MMSE, ADL, and ASA score are significant predictors 

(p<0.05) of two-year survival.  

 

Table-19 summarise the results of univariate logistic regression analysis 

using two-year survival as the dependent variable and MMSE, ADL, ASA 

and BCETA score individually as co-variates. Table-20 shows the 

sensitivity, specificity, positive predictive value, negative predictive 

value, C-statistic value and overall accuracy of MMSE, ADL, ASA and 

BCETA scores in predicting two-year survival in the study population. 

The C-statistic value (area under ROC curve) of the BCETA score, 

illustrating its discriminatory power to predict two-year survival in the 

study population, is much higher than the C-statistic value of MMSE, 

ADL and ASA scores individually (figures 3.1-3.4). This essentially 

confirms the BCETA as a better prognostic model with higher 

discriminatory power compared to the individual variables utilised for 

constructing the BCETA (i.e., MMSE, ADL, and ASA).  
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Table-18. Summary statistics of Logistic regression analyzing 
the correlation between components of the CGA and two-year 
survival in the study population 
 
Variables B S.E Wald df Sig. Exp(B) 95% C.I. for 

Exp(B) 
 
Lower       Upper 

SIC 
score 
 
 

-0.47 
 
 

0.79 0.35 1 0.55 0.6 0.1 2.2 

MMS 
score 
 
 

1.74 0.69 6.46 1 0.01 5.7 1.5 22.1 

GDS 
score 
 
 

0.16 0.22 0.54 1 0.46 1.2 0.8 1.8 

ADL 
score 
 
 

1.17 0.62 6.82 1 0.01 5.0 1.5 17.0 

IADL 
score 
 
 

-0.16 0.09 3.3 1 0.07 0.8 0.6 6.1 

ASA 
score 
 
 

2.50 0.76 10.96 1 0.00 12.2 2.8 54.0 
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Table 19. Summary of MMSE, ADL, ASA and BCETA score and 
their association with two-year survival in the study population 
 
Variables B S.E Wald df Sig. Exp(B) 95% C.I. for 

Exp(B) 
 
Lower           
Upper 

MMSE 
score 
 

1.74 .69 6.46 1 0.01 5.7 1.5 22.1 

ADL 
score 
 

1.17 .62 6.82 1 0.01 5.0 1.5 17.0 

ASA 
score 
 

2.50 .76 10.96 1 0.00 12.2 2.8 54.0 

BCETA 
score 
 

1.97 .53 13.92 1 0.00 7.2 2.6 20.3 

 
 
 
Table 20. Summary statistics of MMSE, ADL, ASA and BCETA 
score predicting two-year survival in the study population 
 
 
Variables Sensitivi

ty % 
Specifici
ty % 

Positive 
predictive 
valve % 

Negative 
predictive 
value % 

C-
statistic 
(area 
under 
ROC 
curve) 

Overall 
accuracy 
% 

MMSE 
score 
 

85 50 95 23 0.59 82 

ADL  
score 
 

85 46 93 27 0.60 81 

ASA  
score 
 

86 67 97 27 0.62 85 

BCETA 
score 
 

89 46 87 52 0.70 81 
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Figure 3.1 ROC curve for MMSE  
 

 

Figure 3.2 ROC curve for ADL  
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Figure 3.3 ROC curve for ASA 
 

 

Figure 3.4 ROC curve for BCETA 
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3.7 Validation of results 

 

A bootstrap technique was used for internal validation of the logistic 

regression analysis to confirm the association between the BCETA score 

and two-year survival in our patients. One hundred and nineteen 

patients were included in the bootstrap analysis after excluding four 

patients with missing data.  

 
 
1. Bootstrap Specifications 
 
Sampling Method Simple 
Number of Samples 1000 
Confidence Interval Level 95.0% 
Confidence Interval Type Percentile 
 

One thousand bootstrap samples were randomly selected from the 

original dataset.  

 
2. Bootstrap for Variables in the Equation 
 

Bootstrapa 
95% Confidence 
Interval 

 

B Bias 
Std. 
Error 

Sig. (2-
tailed) Lower Upper 

BCETA 
score 

1.973 .046 .595 .001 0.9 3.2 Step 
1 

 
Constant 

 
-2.140 

 
-.053 

 
.375 

 
.001 

 
-3.1 

 
-1.5 

a: Bootstrap results based on 1000 bootstrap samples 
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The relationship between the BCETA score and two-year survival was 

explored in each of the bootstrap samples using logistic regression 

analysis. Bootstrap analysis of the 1000 bootstrap samples confirmed 

the significant association between the BCETA score and two-year 

survival in our patients (p-value=0.00) with 95% confidence interval of 

the B-coefficient between 0.9 and 3.2.   

 

3.8 Testing the BCETA  

 
1. Treatment recommendations based on clinical assessment 

and its correlation with two-year survival in eligible older breast 

cancer patients from the Leicester research clinic:  

 

  Clinical Decision  
    Survival at  
       2-year ST 

              
PET Total 

 Alive 
 

75 23 98 

  Dead 
 13 8 21 

            Total 
 

88 31 119 

 
 

Logistic regression analysis showed no statistically significant 

association (p-value=0.166) between clinical decisions (CD) and two-

year survival in the study population (odds ratio 2.0, 95% CI 0.7-6.0). 

Clinical decisions correctly identified 85% (75/88) of patients who 
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survived more than two years and 26% (8/31) of those who survived 

less than two years. The overall accuracy for CD was 70% (83/119). 

 

2. Treatment recommendations based on guidance from the 

BCETA and its correlation with two-year survival in eligible older 

breast cancer patients:  

 

  
Recommendation from 

BCETA  
 Survival at 
    2-year ST PET Total  
 Alive 

 
85 13 98 

  Dead 
 10 11 21 

            Total 
 

95 24 119 

 

Logistic regression analysis revealed a statistically significant 

association (p-value=0.00) between the BCETA score and two-year 

survival in the study population (odds ratio 7.2, 95% CI 2.5-20.3). 

BCETA correctly identified 87% (85/98) of patients who survived more 

than two years and 52% (11/21) of those who survived less than two 

years. The overall accuracy for BCETA was 81% (96/119). 
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Table-21. Summary statistics of Clinical Decisions and BCETA 

score and their relationship with two-year survival  

Variables Sensitivi
ty % 

Specifici
ty % 

Positive 
predictive 
valve % 

Negative 
predictive 
value % 

C-
statistic 
(Area 
under 
ROC 
curve) 

Overall 
accuracy 
% 

Clinical 
Decisions  
 
 

76 38 85 26 0.58 70 

BCETA 
score 
 

89 46 87 52 0.70 81 

 

Table-21 summarises the result of clinical decisions and BCETA score in 

predicting two-year survival in the study population. It shows that the 

C-statistic value (area under the ROC curve) or discriminatory power of 

the BCETA model to differentiate between those who would or would 

not survive for two years is much better (0.70), compared to 0.58 for 

the clinical decisions. The overall accuracy for the BCETA prognostic 

model was 81% compared to 70% for the clinical decisions. Chi square 

test statistics confirmed the BCETA score to be significantly better 

(p=0.03) than clinical decision alone in predicting two-year survival in 

the study population. 
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Discussion 

 

In the UK, there has been a trend over recent decades towards treating 

older breast cancer patients with hormonal treatment alone; the figures 

reported, range from 20-40% [51]. This reliance on endocrine therapy, 

in patients who live long enough, results in persistent or recurrent local 

disease, sometimes becoming locally advanced and then difficult to 

treat, months and years after diagnosis. To establish whether primary 

endocrine therapy is justifiable for women who are fit for surgery, 

several randomized control trials [19,54-57] compared the efficacy of 

primary endocrine therapy vs. surgery plus endocrine therapy in older 

breast cancer patients. They concluded that PET is inferior to surgery 

plus endocrine therapy in terms of local control in all patients, and 

overall survival in the 70 to 75 years group.  

 

The National Institute for Clinical Excellence guidelines [22] and a 

Cochrane review of the randomised control trials comparing PET and 

surgery plus ET in elderly patients [53] recommended that elderly 

breast cancer patients should be considered for surgery in addition to 

appropriate systemic therapy unless they refuse it, or they have a short 

life expectancy and are therefore unlikely to benefit from it. In clinical 

practice, however, there was no validated assessment in place that 
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could predict life expectancy in these patients and guide treatment 

decisions. In this study, we used a form of Comprehensive Geriatric 

Assessment to predict two-year survival in elderly breast cancer 

patients. Based on the Comprehensive Geriatric Assessment scoring and 

its predicted survival, a treatment algorithm was devised that could be 

used for guidance to recommend whether primary endocrine therapy or 

surgery plus endocrine treatment would be best indicated in individual 

older breast cancer patients.  

 

The two-year survival cut-off was used for two main reasons. First, the 

median response duration of PET is about two years [53], meaning that 

patients who survive for longer than two years may develop resistance 

to PET and will need change of treatment at a stage when they would 

be older and perhaps less fit. Second, during the first two years there is 

no survival difference between patients receiving PET or surgery plus 

endocrine therapy, for hormone receptor positive, early breast cancer 

[53]. Therefore, it would be safe to treat these patients with PET alone, 

if they are not expected to survive for longer than two years. 

 

Previously, prognostic indices have been developed and validated, to 

predict short and long-term mortality, in different cohorts of patients 

[75-77]. These indices, however, could not be applied to our group of 
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patients because of their complexity, time consumption and/or non-

applicability of some of their variables to our patients. Many of the 

variables used in these indices, that were applicable to our patients and 

easy to use in a breast clinic, were included in the comprehensive 

geriatric assessment of our patients.  

 

The comprehensive geriatric assessment model we used in our clinic, 

included assessment of all the key domains that could help in the 

management of elderly breast cancer patients and is also practical in a 

busy clinic setting. It included six components: Satariano Index of Co-

morbidities, Mini Mental State Examination, Geriatric Depression Score, 

Activities of Daily Living (Barthel Index), Instrumental Activities of Daily 

Living, and American Society of Anaesthesiologists score. The score of 

each of these components was dichotomized into low-risk and high-risk 

categories, at cut-off levels, which were clinically relevant and had been 

previously used. Univariate logistic regression analysis using individual 

components of the CGA against the dependent variable (two-year 

survival) showed only three components having a significant association 

with two-year survival in the study population. Those components are: 

Mini Mental State Examination score (MMSE), Barthel Index (ADL) and 

American Society of Anaesthesiologists (ASA) score. Essentially, this 

means that significant cognitive impairment, functional dependence or 
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an ASA grade above three, are each associated with reduced life 

expectancy in this elderly patient population.  

 

Cognitive Impairment 

 

The effect of cognitive impairment on survival has been well 

documented. Lower levels of cognitive function are associated with 

increased mortality in older patients [76,82,83,111]. The underlying 

mechanism for this association is still unclear; however, cognitive 

impairment may contribute to mortality in different ways. Deficiencies 

in language comprehension, in recall, or in other cognitive areas may 

contribute to failure to seek timely health care, to use recommended 

treatments or medications, or to recognize signs and symptoms of 

disease, resulting in poor health outcomes [111]. 

 

Our study also confirmed the effect of cognitive impairment on survival. 

It was found to be a significant predictor of two-year mortality in our 

patients (p-value 0.01). Patients with significant cognitive impairment 

(MMSE score of less than 20) were shown to have a low chance of two-

year survival compared to those having better cognitive function (MMSE 

score of 20 or more). Our results were consistent with other similar 

studies. Inouye et al. [76] from their study on “the importance of 
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functional measures in predicting mortality among 525 older 

hospitalized patients,” found cognitive function to be one of the three 

main prognostic factors for two-year mortality in their patients. They 

reported that elderly hospitalized patients with significant cognitive 

impairment (MMSE score of less than 20) were more likely to die in the 

next two years compared to those having better cognitive function.  

 

Another study by McGuire et al. [82], confirmed the significant 

association between cognitive function and two-year mortality in older 

diabetic patients. Their study included 559 US adults with diabetes, 

aged ≥70 years. Stump TE et al. [83] reported, from a prospective 

cohort study of 3957 patients, that moderate-to-severe cognitive 

impairment is associated with an increased risk of mortality in older 

primary care patients, after controlling for confounding factors. H.R. 

Kelman et al. [111] studied the association of cognitive impairment on 

survival of 1855 older community residents in Bronx, New York. They 

found that after adjustment for the effects of potentially confounding 

variables, persons with significant cognitive impairment were more than 

twice as likely as unimpaired persons to die within four years.  
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All these studies, though they were conducted in different cohorts of 

patients with different circumstances, indicated the importance of 

cognitive function and its relation with mortality in elderly patients. 

 

Functional Dependence 

 

Functional capacity refers to the ability to carry out daily activities in a 

normal or accepted way. Maintenance of functional capacity is an 

important indicator of health in the elderly; the loss of this capacity is 

associated with a rise in morbidity and mortality [112]. Functional 

dependence exists when the adaptation of the environment or the use 

of technical aids cannot compensate for disability, and the help of a 

third person is needed to carry out activities of daily living [113]. 

Generally, disability in old people is assessed based on their difficulty 

carrying out the activities of daily living, or those activities everybody 

does everyday, in order to live independently and integrated within the 

environment.  

 

Functional dependence has been reported a strong predictor of 

mortality in older people [77,84, 114]. Our data analysis also confirmed 

a statistically significant association between the dependence in 

Activities of Daily Living (Barthel Index) and two-year survival in our 
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patients (p-value 0.009), meaning that it is a valuable predictor of two-

year survival in elderly breast cancer patients. Patients having 

significant dependence in daily living activities (BI score of less than 12) 

were more likely to die within the next two years compared to those 

having less or no dependence (BI of 12 or more). We, however, did not 

observe any statistically significant association between patients’ IADL 

score and their two-year survival (p-value 0.068).  

 

Walter LC et al. [77] reported findings similar to our study. They 

developed and validated a prognostic index for one-year mortality of 

older adults after hospital discharge using information readily available 

at discharge. Their study included 2922 patients above the age of 70. 

They reported that a number of dependent ADLs have significant 

association with one-year mortality; however, there was no correlation 

between IADL score and one-year mortality.  

 

Carey EC et al. [84] developed and validated a functional morbidity 

index to predict two-year mortality in 7393 community dwelling elders. 

They reported a significant association between functional dependence 

and two-year mortality in these people. Covinsky et al. [114] provided 

convincing evidence for the prognostic importance of functional status 

in seniors admitted to acute care hospitals. Data about six activities of 
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daily living (ADLs) were collected from 823 medical patients, and the 

patients were followed for mortality and resource use. They found 

dependence in ADL as the most important predictor of mortality in 

these patients.  

 

Our study, in highlighting the prognostic impact of functional status, 

provides further evidence for the importance of assessing functional 

status in elderly patients. Functional status reflects the end-impact of 

illnesses, loss of organ function with disease and age, and psychosocial 

factors in a given patient, and it is likely that this explains its prognostic 

value.   

 

American Society of Anaesthesiologist score  

 

American society of anaesthesiologist (ASA) classification is the most 

widely used anaesthetic risk assessment scheme in anaesthesia. 

Although the ASA grade provides a general measure of patients’ fitness 

before surgery, it has been reported as an important predictor of peri-

operative and early post-operative mortality in patients undergoing 

surgery [97,98]. Recently, the ASA score has been assessed and 

reported as a significant predictor of longer-term survival in surgical 

patients [115,116]. Our data analysis also confirmed a strong 
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correlation between ASA score and two-year survival of our patients 

(p=0.002). Patients having an ASA score of 3 or less, were more likely 

to survive beyond two years, compared to those with an ASA score of 4. 

 

Aharonoff GB et al. [115] looked into predictors of one-year mortality 

following hip surgery in 612 ambulatory, community dwelling, and 

cognitively intact elderly patients in New York. They found the ASA 

score one of the significant predictors of one-year mortality in these 

patients. In another prospective study of patients, aged 95 and above, 

Holt G. et al. [116] looked into the factors affecting outcome after 

surgery for hip fracture. They found ASA grade a significant predictor of 

one-year mortality in these patients, independent of other factors. 

Rogers S et al. [117] explored the relation between American Society of 

Anesthesiologists' (ASA) score and 18 months survival in 278 patients 

treated for oral and oropharyngeal squamous cell carcinoma from 1995 

to 1999. They reported the ASA score a significant predictor of survival 

(p=0.003) in these patients.  

 

Some studies, however, disputed the predictive value of ASA score. 

Kanatas et al. [118] used the American Society of Anesthesiologists' 

(ASA) grading to investigate a possible link between coexisting 

conditions and disease-free survival in 114 patients with head and neck 
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cancer patients. Their analysis did not show a significant association 

between the ASA grade and survival in these patients. 

 

Overall, the importance of anaesthetic assessment using ASA scale, to 

assess patients’ fitness for surgical procedures could not be denied. 

However, this study highlights its importance, in elderly patients with 

early breast cancer, for two reasons. First, it assesses their suitability 

for any possible surgical procedure; second, the anaesthetic assessment 

score can be used in their BCETA score, to recommend an optimal 

treatment for their breast cancer, since it helps predict survival in these 

patients. 

 

Comprehensive Geriatric Assessment variables having no 

relevance to two-year survival in our patients 

 

Other components of our CGA, which did not show any significant 

relevance to two-year survival in our patients, included the Satariano 

Index of Co-morbidities, Geriatric Depression Score, and IADL. We also 

used patient age as a variable to explore its relationship with two-year 

survival in our patients; importantly, the association was not significant 

(p=0.4). Patients included in our study ranged from age 70-94, with a 

median age of 82. Other studies have also reported similar findings. 
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Satariano et al. [25] studied the effect of co-morbidity on three-year 

survival of women with primary breast cancer. Their study included 936 

women with invasive breast cancer, aged 40 to 84 years. They did not 

find a statistically significant association between patient age and their 

three-year survival [25]. Walter LC et al. [77] developed and validated 

a prognostic index for one-year mortality in elderly patients after 

hospital discharge. The study included 1495 patients, of age 70 and 

above. They reported no independent association between patient age 

and survival. Since there is no clear evidence that age is predictive of 

outcome in elderly breast cancer patients, therefore, old age should not 

be considered a good reason for effective treatment to be withheld.   

 

Co-morbidities: 

 

The influence of co-morbid illnesses on survival outcomes in oncology 

has long been recognized and recently documented for a variety of 

malignancies, including bladder, lung, head and neck, colorectal, and 

breast cancers. Several co-morbidity indices have been developed and 

validated in different groups of patients. Some of the main indexes are: 

Charlson Co-morbidity Index [72], Satariano Index of Co-morbidity 

[25], the Index of Co-existent Disease [86], and the Kaplan–Feinstein 

Index [119].  
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Of particular relevance is the Satariano Index of Co-morbidity, which 

has been developed and subsequently validated in a cohort of breast 

cancer patients and reported to have significant association with 

survival in breast cancer patients [25]. We therefore selected this co-

morbidity index for our study, to record patient’s co-morbid illnesses. 

We analysed the data to find a correlation between Satariano index of 

co-morbidity and two-year survival in our patients; however, no 

statistically significant correlation was found between the two (p>0.05).  

Janssen-Heijnen et al. [120] conducted a study on the prognostic 

effects of rising age and co-morbidity in unselected elderly Dutch, small 

cell lung cancer patients.  They also reported a negligible prognostic 

effect of co-morbidity on the overall outcome of elderly patients with 

small cell lung cancer.  

 

However, many other studies [25,72,73] reported a significant impact 

of co-morbidity on survival, independent of other factors. Satariano et 

al. [25] reported that breast cancer patients with three or more co-

morbidities have an increased risk of death over a three-year follow-up 

period, independent of age, breast cancer staging and treatment type. 

Their study included 936 women, aged 40 to 84 years.  
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Charlson et al. [72] developed a weighted co-morbidity index that 

predicted the risk of death from co-morbid disease in breast cancer 

patients over a period of 10-year follow-up. It has also been validated 

in different cohorts of patients. 

 

G. Nagel et al [73] studied the impact of co-morbidity on survival of 

postmenopausal women with breast cancer. They found that the level of 

co-morbidity had a significant influence on the three-year survival in 

these patients.   

 

These studies showed a significant association between the co-

morbidity indices and long-term survival (>three years) in breast 

cancer patients. However, our interest was limited to a short survival 

(two years), which might be the reason for lack of a significant 

correlation. Another possible reason could be the age of patients; we 

only included older patients above the age of 70 in our study; whereas, 

the studies that showed significant association between co-morbidity 

and survival, included both, young and old patients. Also, our patients 

were selected as frail at the outset. 

 

We would recommend perhaps using other co-morbidity indices in 

future studies, which also include severity and time of co-morbidities, to 
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find if they would be helpful in predicting short-term survival in elderly 

breast cancer patients. 

 

Geriatric Depression Score 

 

Assessment for psychiatric morbidity from depression is part of our 

Comprehensive Geriatric Assessment.  It has been reported to be 

associated with reduced survival from conditions such as ischaemic 

heart disease and diabetes [90]. However, in cancer patients, the effect 

of psychiatric morbidity on survival outcome has yielded inconsistent 

results in different studies. However, our analysis did not confirm the 

presence of any correlation between the GDS and two-year survival in 

our patients (p>0.5). This could be because depression was uncommon 

in our patients and our patient numbers are relatively small. 

 

Our results were consistent with the negative finding of other studies 

[121,122], which investigated the potential relationship between 

psychiatric morbidity and survival in cancer and non-cancer patients. 

Tross S et al. [121] prospectively examined the contribution of potential 

psychological predictors to length of disease-free and overall survival in 

280 women with stage II breast cancer. However, the study failed to 

provide evidence that psychological factors (including depression) 
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contributed to the length of disease-free or overall survival of these 

women. In another study, Vogt T et al. [122], followed 2573 members 

of a health maintenance organization for 15 years. They also reported 

no significant association between the psychiatric morbidity and survival 

in these patients. 

 

Development of Breast Cancer in Elderly Treatment Algorithm 

(BCETA)  

 

The ultimate aim of this study was to devise a treatment algorithm that 

could predict two-year survival in older breast cancer patients, based on 

which they could be recommended optimal treatment for their breast 

cancer. Ideally, we should run a multivariate regression analysis that 

includes the three significant predictor variables from univariate logistic 

regression analysis and build a final prognostic model based on those 

predictors, which retain a statistically significant association with the 

two-year survival. However, because of the low number of events (22 

deaths) in the study, a valid multivariate regression model could not be 

built to run an analysis that includes three independent variables. These 

three variables (MMSE, ADL & ASA) have been confirmed in other 

studies as significant predictors of mortality independent of other 

variables [76, 77, 82, 83, 84, 111, 115, 116, 117]. Also, these variables 
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assess different domains of human body i.e. MMSE assess cognitive 

function; ADL assess physical function and ASA assess general well 

being of patients including their medical conditions. We therefore 

combined the score of these three variables and developed a single 

variable known as Breast Cancer in Elderly Treatment Algorithm 

(BCETA) score. 

 

In the BCETA, we aggregated the dichotomised score of MMSE, ADL, 

and ASA, giving us a final BCETA score with a range between 0 and 3. 

The final BCETA score was divided into low-risk (0) and high-risk (>1) 

based on clinical relevance. Patients having significant cognitive 

impairment and/or functional dependence, and/or an ASA score of 4, 

were ranked in the high-risk group and those without any of these three 

conditions were ranked in the low-risk group. We performed logistic 

regression analysis to explore relationship between the dichotomised 

score of BCETA and two-year survival in the study population. Analysis 

confirmed the BCETA score as a strong predictor of two-year survival in 

our patients (p-value = 0.00). Patients with BCETA score of 0 had 89% 

chance of surviving two years or more; those with a score of 1-3 had 

46% chance of less than two-year survival.  
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To confirm the prognostic value of BCETA score, we calculated C-

statistic value (area under the ROC curve) for the BCETA model. We 

also compared it to the C-statistic value of the three individual variables 

utilised for constructing it (i.e., MMSE, ADL, and ASA). The C-statistic 

value for BCETA was 0.70 compared to the C-statistic value for MMSE 

(0.59), ADL (0.60) and ASA (0.62) [Table-20]. This clearly confirms 

that the BCETA score has higher discriminatory power in differentiating 

between those who would or wouldn’t survive for two years, compared 

to the three individual variables MMSE, ADL, and ASA. The C-statistic 

value also confirms the BCETA model as a prognostic index with good 

discriminatory power. We repeated the BCETA logistic regression 

analysis after entering the age and then co-morbidity status as 

variables into the model; however, the results were stable showing no 

impact of these two variables on the BCETA prognostic model. 

 

The method we used is not a standard method to develop survival 

prognostic index and would need to be confirmed in further studies with 

larger population. However, it has previously been used in literature 

[123] to build survival prognostic model. Perry et al. [123] using a 

similar method, devised a biologic survival prognostic model for patients 

with diffuse B-cell lymphoma. They studied 199 patients (125 in the 

training and 74 in the validation cohort). They developed a biologic 
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prognostic model (BPM) based on three variables that were confirmed 

by univariate regression analysis as having significant association with 

overall and disease free survival in their study population.  The 

variables were: Microvessel density (MVD), SPARC (secreted protein, 

acidic, and rich in cysteine), Choi algorithm. These three variables were 

previously confirmed in other studies as independent predictors of 

survival in B-cell lymphoma patients. In developing the prognostic 

model, the authors assigned one score for worse prognosis in each of 

these three factors. They dichotomised the score of this prognostic 

model into low-risk and high-risk groups. Analysis revealed significant 

association between this prognostic model and survival in their patients. 

The authors confirmed the validity of their prognostic model in a 

validation cohort of 74 patients. 

 

The prognostic model we developed is clinically relevant and can be 

translated as: patients having significant cognitive impairment, 

functional dependence, or an ASA grade above 3, either alone or in 

combination, are less likely to survive for more than two years. 

Therefore, these patients may benefit from PET if their breast cancer is 

hormone receptor positive. Whereas, patients not fulfilling any of these 

three criteria are very likely to survive for longer than two years and 

would benefit from standard treatment for their breast cancer. 
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Validation of the BCETA 

 

Ideally, the BCETA validation would involve applying it prospectively to 

a new group of patients; however, due to restriction of time and 

resources, we used a bootstrapping technique for validation of the 

BCETA score and its prediction of two-year survival in our patients. 

Bootstrapping is a valid method for internal replication & validation of 

statistical analysis and has been widely used in medical studies 

[104,105]. We used SPSS 19 to perform the bootstrap analysis of 1000 

randomly selected bootstrap samples. The analysis confirmed a 

significant association between the BCETA score and two-year survival 

in our patients (P=0.001) with 95% confidence interval of the B-

coefficient between 0.9 and 3.2.  This confirmed the validity and 

stability of our results across numerous combinations of the study 

participants.  

 

Testing the BCETA 

 

We retrospectively applied the BCETA to eligible breast cancer patients 

who were seen in the Leicester research clinic and compared the clinical 

decisions made in the clinic with the treatment decisions that would 

have been made if we had applied BCETA to those patients. We wanted 
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to explore if clinical assessment supplemented by the BCETA score is a 

better approach than clinical assessment alone in identifying patients 

who would or would not survive for two years, based on which an 

optimal treatment could be recommended for their breast cancer. 

Logistic regression analysis using clinical decisions as a variable to 

predict two-year survival yielded the following results: sensitivity 76%, 

specificity 38%, positive predictive value 85%, negative predictive value 

26%, odds ratio 2.0 (95% CI 0.6-6.0), p-value 0.17 and overall 

accuracy of 70%.   

 

In comparison, the results for BCETA were: sensitivity 89%, specificity 

46%, positive predictive value 87%, negative predictive value 52%, 

odds ratio 7.2 (95% CI 2.6-20.3), p-value 0.00 and overall accuracy of 

81%.   

 

The C-statistic value (area under the ROC curve) or the discriminatory 

power of the BCETA model to differentiate between those who would or 

would not survive for two years was 0.70 compared to 0.58 for the 

clinical decisions, confirming the BCETA model a better prognostic index 

than clinical decision. Also, Chi square test statistics showed a 

statistically significant difference (p-value 0.036) between the two 

models, favouring the BCETA. This essentially means that BCETA could 
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be helpful in improving the management of elderly breast cancer 

patients if it is added to clinical assessment and decision making 

process.   

 

Strengths of the study 

 

1. The study included clinically rich prospective data, collected by a 

team of clinicians including a geriatrician, an anaesthetist, and a breast 

surgeon.  

 

2. Complete two-year follow-up for mortality, disease progression, and 

metastatic disease. 

 

3. Selection of few, clinically relevant, and previously validated 

variables for the CGA, to make the generalisability of the results easy.  

 

4. Selection of cut-off points that were clinically meaningful and used in 

previous studies.  

 

Limitations of the study 
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1. The study was conducted at a single site, in a university hospital 

setting, within a limited geographic area. As with other prognostic 

indices, the validity and generalisability of this model needs to be tested 

in other locations with different groups of patients.  

 

2. Because of the unexpected low number of events in the study group, 

a multivariate regression analysis could not be performed to confirm 

that the three variables (MMSE, ADL, ASA) retain their predictive ability 

in a multivariate model. Further studies with larger population would be 

needed to confirm the BCETA survival prognostic model.  

 

3. The BCETA was validated by internal replication (bootstrap 

technique). Ideally, it should be validated in a prospective study, 

preferably including a similar patient population from a different Unit. 

 

4. The assessment of co-morbidities in our patients included only the 

presence or absence of a co-morbid condition rather than the degree of 

ill-health it produces. More sophisticated measures of co-morbidities, 

which also assess severity and time of co-morbidities, may be 

incorporated in future studies to see its relevance with survival.   
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5. The study group was selected, including patients who had more co-

morbidities and functional dependence than a typical onco-geriatric 

series. This provided us with rich clinical data for analysis; however, 

future studies would be recommended in a non-selected elderly breast 

cancer population.    

 

6. No quality of life assessment was performed for comparison between 

the groups. 

 

7. Other variables like socio-demographic status including domestic 

support and social isolation were not controlled for, though they could 

potentially affect survival. 

 

Conclusion 

 

This study devised a treatment algorithm that could help in predicting 

two-year survival in older breast cancer patients, based on which they 

could be recommended an optimal treatment for their breast cancer.  

 

We used comprehensive geriatric assessment to find if any of its six 

components would be helpful in predicting two-year survival in our 

patients. The use of comprehensive geriatric assessment to develop a 
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mortality prognostic index is not new. There are a few such indices 

available in literature; however, none of them was particularly 

applicable to elderly breast cancer patients. Therefore, a simple and 

workable comprehensive geriatric assessment was used in our specially 

established, Leicester research clinic for early breast cancer in elderly 

patients.  

 

Analysis of our data confirmed only three components of the CGA i.e., 

MMSE, ADL, and ASA, having a significant association with two-year 

survival in our patients. These three components were formulated 

together into Breast Cancer in Elderly Treatment Algorithm (BCETA). 

Patients were scored either in the low-risk or high-risk group, according 

to their BCETA score. Logistic regression analysis confirmed the BCETA 

score to be a significant predictor of two-year mortality in our patients, 

and found its prognostic value to be higher than that provided by the 

individual variables utilized for constructing the BCETA (i.e., MMSE, 

ADL, and ASA).  

 

In summary, patients with BCETA score in the low-risk group had a high 

chance of surviving two years or more; those in the high-risk group had 

a lower chance of two-year survival. Clinically, this means that patients 

having significant cognitive impairment, functional dependence, or an 
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ASA grade above 3, either alone or in combination, are less likely to 

survive for more than two years. Therefore, these patients may be 

treated with PET if their breast cancer is hormone receptor positive. 

Whereas, patients not fulfilling any of these three criteria are more 

likely to survive for longer than two years and may be recommended 

standard treatment for their breast cancer. 

 

This study has some limitations, which have been discussed. Most 

importantly, the BCETA would need to be validated in a larger 

prospective study, which is currently ongoing at the Leicester breast 

cancer research clinic.  

 

The study is the first step towards optimisation of breast cancer 

treatment in elderly patients. It has laid down important groundwork for 

future research. Further studies incorporating different assessment 

tools, in larger patient groups, may help in devising better prognostic 

indices, which could guide treatment decisions in older patients, to 

ensure that they receive optimal treatment for their breast cancer. 
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Appendix 1 
 
Review of literature for the study  

 

The literature review for this study focuses on standard treatment of 

early breast cancer, differences in treatment between young and older 

patients and the reasons why older patients receive substandard 

treatment for their breast cancer. It also discusses the role of 

Comprehensive Geriatric Assessment in survival prognostic indices and 

how it could be used to optimise the care of older cancer patients. 

 

Three major electronic medical databases (Pubmed, Medline and 

Embase) were searched for published papers using key words “EARLY 

BREAST CANCER”, “PRIMARY ENDOCRINE THERAPY”, “BREAST CANCER 

IN ELDERLY”, “COMPREHENSIVE GERIATRIC ASSESSMENT” and 

“SURVIVAL PROGNOSTIC INDEX”. The key words were used 

independently and in combination for more targeted search. Papers 

published in English language and without any time restriction were 

selected. More than 500 titles were reviewed and 85 relevant papers 

were selected for the review. Also, additional relevant papers were 

hand-searched along the course of the review, where needed for a 

specific issue. The National Institute for Health and Clinical Excellence 
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(NICE) guidance and Cochrane meta-analysis were also consulted for 

the literature review.  
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