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ABSTRACT

Purpose: To examine five- and ten-year survival based on cancer-specific geriatric assess-
ment (C-SGA) in older women with early stage breast cancer.
Methods: We evaluated 660 women >65-years old diagnosed with stage I-IIIA primary
breast cancer and attending physician permission to contact in four geographic regions
in the United States of America (USA). Data were collected over ten-years of follow-up from
consenting women’s medical records, telephone interviews, National Death Index and
Social Security Death Index. C-SGA was described by four domains using six measures:
socio-demographic (financial resources); clinical (comorbidity, obesity); function (physical
function limitations); and psychosocial (general mental health, social support). Survival
from all-cause and breast-cancer-specific mortality and receipt of guideline-recommended
therapy was assessed for different groups of subjects with C-SGA domain deficits
(cut-off >3 deficits).
Results: The proportion of women with >3 C-SGA deficits surviving ten-years was consis-
tently statistically significantly lower (all-cause 26% versus 46% and breast-cancer-specific
76% versus 89%, p < 0.04). The proportion significantly decreased as number of C-SGA def-
icits increased (linear trend p<0.0001). Receipt of guideline-recommended therapy
decreased with age but not consistently by number of C-SGA deficits. The all-cause and
breast-cancer-specific death rate at five- and ten-years was consistently approximately
two times higher in women with >3 C-SGA deficits even when fully adjusted for confound-
il’lg factors (HRS-yrAIlCauseFulIyAdjusted =187 [136_257]v HR1O-yrAllCauseFullyAdjusted =174
[1'35_215], HRS-yrBreastCancerFuIlyAdjusted =1.95 [1.18—3.20], HRlO-yrBreastCancerFuIlyAdjusted =199
[1.21-3.28]).
Conclusion: Regardless of age and stage of disease, C-SGA predicts five- and ten-year all-
cause and breast-cancer-specific survival in older women. Hence, C-SGA may provide an
effective strategy to guide treatment decision-making and to identify risk factors for
intervention.
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1. Introduction

In 2009 there were an estimated 192,370 new cases of invasive
breast cancer in the United States (US) with 50% of cases diag-
nosed in women 61-years or older." Due to the high relative
survival rates in US women (89% five-years after diagnosis,
82% after ten-years) the vast majority of older women with
breast cancer will become long-term survivors.’ Thus,
weighing the impact of treatment in relation to treatment tol-
erance, morbidity, quality of life and survival should play a
central role in the care of older cancer patients.

However, older cancer patients are an extremely heteroge-
neous group, making management of their cancer care com-
plex and challenging.*® Applying geriatric principles to
oncology care attempts to weigh the impact of known care-
influencing factors such as comorbidity (i.e. vulnerability to
adverse treatment effects) or social support (i.e. ability to
get to treatments), in relation to care, quality of life and over-
all survival.”™! There is a growing evidence that these factors
can be effectively assessed by cancer-specific geriatric assess-
ment (C-SGA) and predict treatment tolerance, morbidity and
mortality in older cancer patients.’?” Yet little is known
about the accuracy of estimating survival based on C-SGA.

Taking advantage of our longitudinal study of older wo-
men with breast cancer we conducted a secondary analysis
of survival using C-SGA. The current study extends previous
analyses through ten-years of follow-up'? and focuses on
the predictive value of C-SGA in relation to age- and cause-
specific survival after a breast cancer diagnosis. Our a priori
hypothesis was that C-SGA would better predict all-cause
and breast-cancer-specific survival than age, particularly that
women with C-SGA <2 domain deficits would have better
survival.

2. Patients and methods

2.1. Study population

The longitudinal study design and subject recruitment proce-
dures have been previously reported.’® Six hundred and sixty
women >65-years old with stage I tumour diameter >1 cm or
stage II-IIIA disease and permission from attending physician
to be contacted in four geographic regions (Los Angeles; Cali-
fornia; Minnesota; North Carolina; Rhode Island) were identi-
fied through regular pathology report review at hospitals or
collaborating tumour registries. Women could not have a
prior primary breast cancer or simultaneously diagnosed or
treated second primary tumour, and must have signed a con-
sent form approved by the institutional review board at each
site.

2.2.  Analytic variables

Data were collected by medical record review (definitive sur-
gery date, surgery type and tumour characteristics) and base-
line telephone interview (socio-demographic, psychosocial,
health and breast cancer therapy) at least three-months after

surgery.

2.2.1. Mortality all-cause and breast-cancer-specific
Decedents were identified by first and last name, middle ini-
tial, social security number, date of birth (DOB), sex, race,
marital status, and state of residence matched against Na-
tional Death Index (NDI) and Social Security Death Index
(SSDI) records. Survival time was number of days from date
of definitive surgery until date of death (DOD). Breast
-cancer-specific follow-up time was censored on DOD from
another cause or at end of follow-up, whichever came first.

2.2.2. Socio-demographic characteristics

We classified patient age as 65-69, 70-79, >80-years; race as
white, other; education as <12-years, 12-years, >12-years;
marital status as married (yes/no); and having adequate fi-
nances to meet needs (yes/no).

2.2.3. Breast cancer characteristics

We categorised stage as I-11I using TNM classification.’ Defin-
itive primary therapy was mastectomy plus auxiliary lymph
node dissection (ALND) or lumpectomy with radiation ther-
apy plus ALND. Guideline-recommended therapy (yes/no)
based on modifications of 1990 and 2000 NIH breast cancer
treatment guidelines®®?! was defined as receipt of one of
the following:* (1) definitive primary therapy; (2) tamoxifen
therapy in hormone receptor positive breast cancer; (3) che-
motherapy in node positive disease; and (4) chemotherapy
in breast cancers with tumour size >1 cm and receptor nega-
tive status. Under-treatment was defined as no guideline-rec-
ommended therapy with breast-cancer-specific death.

2.2.4. Health-related characteristics

We determined underlying diseases present at diagnosis
using the Charlson Comorbidity Index (CCI) scaled from 0 to
3 with higher scores indicating more comorbidity.?>* Self-
rated health status before diagnosis was assessed using a sin-
gle-item measure dichotomised as ‘excellent/very good/good’
versus ‘fair/poor’. Body mass index (BMI) was derived as
<30kg/m? versus obesity >30kg/m® We calculated total
number of limiting physical functions based on the ten-item
Physical Function Index of the Medical Outcomes Study Short
Form (MOS-SF-36) and categorised as 0 or >1 limitation.?
General mental health was assessed by the Mental Health In-
dex (MHIS), a five-item measure of mental health from the
MOS-SF-36 scored on 0-100 scale. Higher scores indicate bet-
ter mental health and a score of >80 considered good general
mental health.?® Social support was measured using a re-
duced set of eight-items derived from the 19-item Medical
Outcomes Study Social Support Scale (MOS-SSS) scored from
0 to 100 with higher scores indicating more support and >80
considered good social support.?’

2.2.5. Cancer-specific geriatric assessment

C-SGA was described by four domains using six individual
measures: (1) socio-demographic by adequate financial re-
sources; (2) clinical using CCI and BMI; (3) function by number
of physical function limitations; and (4) psychosocial as MHI5
and MOS-SSS. Criteria for determining domain deficits were:
inadequate finances; CCI > 2 and/or obesity; number of
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physical limitations >1; and MHI5 and/or MOS-SSS < 80. Def-
icits in C-SGA domains were summed (maximum sum of
four) then dichotomised as <2 versus >3.%?

2.3.  Analytic strategy

We first examined descriptive statistics on all study variables
then evaluated bivariate distributions between independent
and mortality outcome variables using Spearman correla-
tions, the chi-square test, log-rank test and Cochran-Armitage
test-of-trend. Five- and ten-year survival was analysed using
the Kaplan-Meier survivor functions. Unadjusted and multi-
variable adjusted Cox proportional hazards regression models
were fitted to predict five- and ten-year all-cause and breast-
cancer-specific mortality with baseline C-SGA; reported as
hazard ratio (HR) and 95% confidence interval (95% CI). Model
selection was based on either a theoretical basis for, or knowl-
edge of a relation between causal variables and effects or sta-
tistical testing (i.e. elimination of highly correlated variables,
inclusion of a necessary minimum set of statistically mean-
ingful variables and overall model fit).?® Participants with
missing data for independent or outcome variables were ex-
cluded from models (N < 19). Multivariable adjusted models
were validated using stepwise and backward regression anal-
yses. All analyses were performed using SAS version 9.2.

3. Results

3.1.  Characteristics of the study population

Socio-demographic, breast cancer and health-related charac-
teristics of the baseline study population (N = 660) are shown
in Table 1. The majority of women were >70-years, white and
had at least 12-years education. Approximately half had stage
I disease and 46% received guideline-recommended therapy.
Fifty-eight percent had a CCI of 0, 85% self-reported good
health and 21% were obese. More than half of the women
exhibited high levels of general mental health and physical
function.

3.2. C-SGA

At baseline 15.9% of women had no C-SGA deficit, 32.6% had
one, 29.4% two, 19.4% three and 2.7% four. The proportion of
women within C-SGA deficit categories (0-4) by age group is
shown in Fig. 1. Age and C-SGA deficit count were modestly
but statistically significantly correlated (r=0.12, p =0.003)
and the proportion of women with >3 C-SGA domain deficits
increased for each incremental age group (65-69-years 14.5%,
70-79-years 23.7%, 80+-years 28.5%, test-of-trend p =0.01).
This relationship was not observed between C-SGA and stage
(r=0.03, p=0.59; stage I 21.7%, stage II 22.4%, stage II 24%,
test-of-trend p = 0.75).

3.3. Age and survival

As expected, the proportion of women surviving five- and ten-
years of follow-up decreased with increasing age. The mean
age of each group by number of C-SGA deficits (0-4) was similar
(agerange 72.6-75.6-years, p = 0.12), with the highest mean age

Table 1 - Baseline socio-demographic and health-related

characteristics in a population of older women with breast
cancer (N = 660), 1997-2007.

Characteristic at baseline Population
at baseline
N (%)
Socio-demographic
Enrolment site
LA 150 (23)
RI 163 (25)
MN 188 (28)
NC 159 (24)
Age
65-69 years 172 (26)
70-79 years 372 (56)
80+ years 116 (18)
Race
White 620 (94)
Other 40 (6.1)
Education
Less than 12 years 115 (17)
12 years 228 (35)
More than 12 years 316 (48)
Married 304 (46)
Adequate finances 587 (90)
Breast cancer
Stage
I 336 (51)
11 298 (45)
I 25 (3.8)
Guideline-recommended therapy 305 (46)
Health-related
CCI
0 380 (58)
1 232 (35)
2 48 (7.3)
Good self-rated health 564 (85)
Obesity (BMI > 30) 140 (21)
Number of physical limitations >1 247 (37)
Good mental health (MHI5 > 80) 455 (69)
High-level of social support (MOS-SSS > 80) 333 (51)

Cancer-specific geriatric assessment
Deficits in <2 C-SGA domains 514 (78)

LA, Los Angeles, California; RI, Rhode Island; MN, Minnesota; NC,
North Carolina; CCI, Charlson Comorbidity Index; BMI, Body Mass
Index; MHI5, 5-item Mental Health Index; MOS-SSS, Medical Out-
comes Study-Social Support Survey; C-SGA, Cancer-Specific Geri-
atric Assessment.

among those with three C-SGA deficits. There was a decreased
probability of survival over follow-up by increasing age group
(all-cause/breast-cancer-specific 65-69, 70-79, 80+-years,
respectively: five-years: 79%, 76%, 52%/91%, 88%, 77%; ten-
years: 55%, 43%, 15%/90%, 87%, 73%. At five-years of follow-
up the mean survival time zstandard error in years by age
group was: 65-69-years 4.4 +0.092, 70-79-years 4.3 +0.063
and 80+-years 3.7 £ 0.13, whereas at ten-years it was: 65-69-
years 7.5 £ 0.22, 70-79-years 7.3 + 0.16 and 80+-years 5.3 + 0.27.

3.4. C-SGA and survival

The mean study all-cause and breast-cancer-specific survival
time in years for women with <2 C-SGA deficits was
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4.4+0.053 and 4.8+0.02 at five-years and 7.4+0.13 and
8.7 £0.08 at 10-years of follow-up, respectively. Women with
>3 deficits in C-SGA domains had lower mean all-cause
and breast-cancer-specific survival time at both five- and
ten-years. As shown in Fig. 2, the proportion of survivors
significantly decreased as the number of deficits in baseline
C-SGA domains increased; while the proportion of women

surviving with >3 C-SGA domain deficits was consistently
lower across age groups and time points.

Fig. 3 illustrates all-cause and breast-cancer-specific sur-
vival curves for C-SGA groups (<2 and >3 C-SGA deficits) over
ten-years of follow-up. The probability of ten-year survival
was consistently statistically significantly lower in women
with >3 C-SGA deficits. Across age groups, the difference in

0 deficits

65-69 years 18%

70-79 years 0 deficits

Age Group

2 deficits 3 deficits 4 Heficit:
33% 12% 3%
2 deficits 3 deficit: 4 dEfi

80+ years

25%

26% 21% R%A

2 deficits 3 deficits 4 Jefidits
34% 25% 3%

50% 75% 100%

Proportion by Number of C-SGA Domain Deficits

Fig. 1 - Proportion of women with zero to four cancer-specific geriatric assessment (C-SGA) domain deficits at baseline by age
group in a longitudinal study of older women with breast cancer (N = 660), 1997-2007.

a) Proportion by Number of C-SGA Deficits

+
5-Years
0 deficits

5-Years
1 deficits

5-Years
2 deficits

5-Years
4 deficits

0% 25% 50%

5-Years
61%

Number of C-SGA Domain Deficits

75% 100%

All-Cause Proportion Surviving

c) Proportion by C-SGA Cut-off in Ages 70-79 Years

5-Years*
80%

<2 deficits

5-Years*
66%

23 deficits

Geriatric Assessment Domain Deficits

0% 25% 50% 75% 100%

All-Cause Proportion Surviving

b) Proportion by C-SGA Cut-off in Ages 65-69 Years

5-Years
80%

<2 deficits

5-Years
76%

23 deficits

Geriatric Assessment Domain Deficits

0% 25% 50% 75% 100%

All Cause Proportion Surviving

d) Proportion by C-SGA Cut-off in Ages 80+ Years

5-Years*
60%

<2 deficits

5-Years*
30%

23 deficits

Geriatric Assessment Domain Deficits

0% 25% 50% 75% 100%

All-Cause Proportion Surviving

Fig. 2 - Proportion of the total population (N = 660) surviving all-cause at five- and ten-years follow-up by number of C-SGA
deficits and age (65-69-years, 70-79-years, 80+-years) in a longitudinal study of older women with breast cancer, 1997-2007.
(a) Proportion by number of C-SGA deficits. (b) Proportion by C-SGA cut-off in ages 65-69 years. (c) Proportion by C-SGA cut-off
in ages 70-79 years. (d) Proportion by C-SGA cut-off in ages 80+ years.
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Fig. 3 — Survival plot of five- and ten-year all-cause and breast-cancer-specific survival based on C-SGA in a longitudinal study

of older women with breast cancer (N = 660), 1997-2007.

probability of survival at five- and ten-years favored women
with <2 C-SGA deficits (range 0.3-2.1-years). As expected
age was a stronger predictor of all-cause mortality and stage
was a very strong predictor of breast-cancer-specific death
(Models 2&3 Table 2). The all-cause and breast-cancer-specific
death rates at both five- and ten-years were consistently
approximately two-times higher in women with >3 C-SGA
deficits even when fully adjusted for confounding factors.

3.5.  Guideline-recommended therapy

Receipt of guideline-recommended therapy decreased with
age but not consistently with number of C-SGA deficits
(Fig. 4). If treatment had been assigned by low C-SGA (<2
deficits), over 65% of under-treated women who died
of breast cancer (N =48) would have received guideline-rec-
ommended therapy. On the other hand, if treatment had also
been assigned by a high C-SGA (>3 deficits), 42% of guideline-
treated women who died of causes other than breast cancer

within three-years might have received less intensive
treatment.

4, Discussion

In this study of older women with breast cancer, C-SGA was a
predictor of both five- and ten-year all-cause and breast-can-
cer-specific survival. As hypothesised, women at or above the
>3 C-SGA domain deficit cut-off had markedly worse survival
than women below. The difference in survival based on
C-SGA did not appear to be due to age or stage. The mean
age by C-SGA deficit category did not notably differ. Moreover
neither the proportion of C-SGA deficit categories between
age groups nor the HR stratified by or adjusted for age and
stage varied appreciably. The results also suggest that
treatment decision-making is heavily weighted by age and
decision-making informed by C-SGA might reduce under- or
over-treatment with guideline-recommended therapy in old-
er women with breast cancer.
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Table 2 - Five- and ten-year hazard ratios for all-cause and breast-cancer-specific mortality based on cancer-specific geriatric

assessment (C-SGA) in a longitudinal study of older women with breast cancer (N = 660), 1997-2007.

All-cause mortality

Breast-cancer-specific mortality

5-years
HR (95% CI)

10-years
HR (95% CI)

5-years
HR (95% CI)

10-years
HR (95% CI)

Model 1:
Deficits in >3 C-SGA domains
Model 2:
Age
65-69 years
70-79 years
80+ years
Stage
I
II
III
Deficits in >3 C-SGA domains
Model 3:
Age
65-69 years
70-79 years
80+ years
Stage
I
II
III
Education
Less than 12 years
12 years
More than 12 years
Married
Deficits in >3 C-SGA domains

1.94 (1.42-2.65)

1.0
1.13 (0.77-1.67)
2.62 (1.71-3.99)

1.0
1.24 (0.92-1.67)
1.26 (0.61-2.61)
1.95 (1.42-2.67)

1.0
1.11 (0.75-1.64)
2.37 (1.53-3.69)

1.0
1.21 (0.89-1.64)
1.26 (0.12-2.60)

1.0
0.81 (0.54-1.22)
0.85 (0.58-1.24)
0.82 (0.59-1.03)
1.87 (1.36-2.57)

1.81 (1.45-2.26)

1.0
1.39 (1.07-1.81)
2.91(2.15-3.93)

1.0
1.07 (0.87-1.32)
1.73 (1.11-2.73)
1.76 (1.40-2.20)

1.0
1.37 (1.05-1.78)
2.60 (1.90-3.55)

1.0
1.05 (0.85-1.29)
1.74 (1.10-2.74)

1.0
0.78 (0.59-1.04)
0.79 (0.61-1.03)
0.81 (0.65-1.00)
1.74 (1.35-2.12)

2.12 (1.30-3.45)

1.0
1.37 (0.74-2.53)
2.15 (1.07-4.34)

1.0

3.84 (2.15-6.86)
5.40 (2.09-13.99)
2.08 (1.27-3.39)

1.0
1.32 (0.71-2.44)
1.74 (0.84-3.60)

1.0
3.76 (2.10-6.74)
5.51 (2.12-14.29)

1.0

0.75 (0.39-1.46)
1.01 (0.55-1.84)
0.57 (0.33-0.97)
1.95 (1.18-3.20)

2.19 (1.34-3.57)

1.0
1.4 (0.78-2.66)
2.41 (1.19-4.88)

1.0
3.8 (2.13-6.79)
5.87 (2.27-15.22)
2.13 (1.30-3.49)

1.0
1.38 (0.75-2.55)
1.94 (0.94-4.01)

1.0
3.71 (2.07-6.65)
6.01 (2.31-15.58)

1.0
0.72 (0.37-1.40)
0.96 (0.53-1.75)
0.56 (0.33-0.95)
1.99 (1.21-3.28)

HR, Hazard Ratio; CI, Confidence Interval; C-SGA, Cancer-Specific Geriatric Assessment. Model 1 includes only C-SGA measure, Model 2 (age and
stage adjusted) includes age, stage and C-SGA measure as individual variables, and Model 3 (fully adjusted) includes age, stage, education,

martial status and C-SGA measure as individual variables.

These findings extend and complement our previous work
as well as other C-SGA studies affirming the potential of
C-SGA use in older cancer patients.’®'*'%2° Importantly, C-
SGA not only predicted cancer-related outcomes, but it
identified opportunities for intervention that could improve
treatment tolerance, morbidity and survival (both all-cause
and breast-cancer-specific) as newly suggested in this study.
Even though advancing age also predicted five- and ten-year
survival (all-cause more strongly than breast-cancer-specific),
it is an un-modifiable risk factor and poor predictor of treat-
ment outcomes.® When implemented, C-SGA can provide a
unique patient-specific proactive component to the care of
older cancer patients.>*! It overcomes the problem that age
or simple performance measures insufficiently capture the
complexity of older cancer patients’ issues.'® It provides a
more comprehensive measure of risk and can influence the
prognostic ability of the physician.?*** As this and other re-
search shows, C-SGA can aid in optimising treatment because
it encompasses multiple domains which help to identify and
manage issues which can interfere with cancer treatment and
impact survival.

Age is a known risk factor for breast cancer under-treat-
ment.>*3> Bickell et al. showed that breast cancer under-treat-

ment is multi-factorial with one third attributable solely to
physicians’ perceptions that treatment was not indicated.®**”
In this study, under-treatment was related to age and breast-
cancer-specific death; possibly indicating that physicians
were relying too heavily on the wrong information (e.g. age)
for cancer treatment decision-making and that C-SGA may
represent an opportunity to reduce breast-cancer-specific
deaths. Correspondingly, there was suggestion of potential
over-treatment that may have been avoided with C-SGA
based decision-making (decrease burden of therapy without
benefit). This underscores the accelerated need for use of evi-
dence-based decision-making tools like C-SGA and highlights
the potential serious consequences of under-treatment on the
survivorship experience of older women with breast cancer.

The C-SGA predictive value was similar for all-cause and
breast-cancer-specific-mortality which may be related to
good overall health, the high proportion of women not receiv-
ing guideline-recommended therapy, the pronounced relation
between GA domains and all-cause mortality or even
un-measurable residual confounding. It also suggests the do-
mains and corresponding GA measures used herein might
combine into a useful easy to implement (i.e. low physician/
patient burden) GA instrument in more general settings as
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Fig. 4 - Proportion of total population (N = 660) with and without guideline-recommended therapy by age group, C-SGA cut-off
and number of C-SGA deficits in a longitudinal study of older women with breast cancer, 1997-2007.

well.*3® At present there is no consensus on which domains
and/or tools should be standardised for GA use in general
practice or geriatric-oncology. We do not propose those used
in this study are the optimal solution.

Furthermore, the feasibility of implementing C-SGA in
everyday clinical practice, unaddressed by this research, is
of practical concern. Administering C-SGA as part of routine
clinical practice to all older cancer patients can be a time
and resource intensive procedure. It may not be reimbursed
by health insurance, oncologists and/or their staff are not of-
ten trained in GA, and there may be limited collaboration with
and/or availability of geriatric specialists over the course of
cancer care. These obstacles likely contribute to the slow
translation of C-SGA evidence into every day practice. Never-
theless C-SGA may be a useful guide to estimate survival as
recommended for medical decision-making. Ongoing C-SGA
research is addressing these important questions producing
a sufficient knowledge base for more rapid translation of C-
SGA evidence. A compilation of such evidence is vital to the
treatment and survivorship experience of the growing num-
bers of older cancer patients.*

Several limitations and strengths of this study should be
considered. The measures in this study were not adminis-
tered as part of C-SGA for patient care purposes and were
collected by telephone interview. As such the findings can-
not be directly compared with other C-SGA studies using
different data collection strategies. Although there was no
reporting of deficits identified by C-SGA back to physicians,
their assessment could not have directly influenced patient
care or outcomes. Since only early stage disease was in-
cluded, it is possible that women may have been prejudged

as fit for surgical treatment. Additionally, tumour biology
information was unavailable. These findings may not be
generalisable because of study eligibility criteria and since
the population was a largely white, well-educated and
healthy group of older women. Lastly, given small numbers
we had limited power to statistically meaningfully evaluate
results stratified by age and C-SGA domain deficit counts.
The strengths of this research include comprehensive
standardised C-SGA information, unusually long follow-up
of older women with breast cancer, evaluation of all-cause
and breast-cancer-specific deaths, and use of NDI and SSDI
for mortality outcomes maximising accuracy and minimis-
ing loss to follow-up.

In conclusion, this study provides some of the first longitu-
dinal evidence that C-SGA can predict five- and ten-year all-
cause and breast-cancer-specific survival in older women
with breast cancer. Hence, C-SGA may provide an effective
strategy to guide treatment decision-making and to identify-
ing important risk factors for intervention. Further studies of
C-SGA, survival and decision-making in various populations
of older adults with cancer are warranted.
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