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Abstract
Purpose—Breast cancer patients often experience a decline in physical functioning following
cancer diagnosis. Although most patients recover after treatment, some patients do not. These
changes may be magnified in older women with comorbid conditions and could impact survival
outcomes.

Methods—We used longitudinal data from a prospective cohort study of women 65+ years of
age, recruited shortly after diagnosis of early stage breast cancer, to examine changes in self-
reported physical functioning measured with the Physical Function Index (PF-10) of the Medical
Outcomes Study Short Form-36 (SF-36). Outcomes were constructed for small (0.2 SD), medium
(0.5 SD), and large (0.8 SD) declines in the PF-10 measurement over two intervals 1) 3 to 15
months following cancer diagnosis, encompassing treatment and early recovery, and 2) 3 to 27
months following cancer diagnosis, in order to detect sustained recovery versus persistent decline.
Cox-proportional hazards regression was used to examine association between survival and
decline in PF-10 scores.

Results—A large (> 0.8 SD) decline in PF-10 scores from 3 to 27 months predicted shorter 10
year survival (HR=1.34, 95% CI 1.1–1.6). Persistent decline at 27 months was associated with less
education, higher baseline PF-10, increased comorbidity, and higher body mass index.

Conclusions—Older women with breast cancer who experience a large and persistent decline in
PF-10 are at increased mortality risk. Future research should examine the value of clinical
assessment of physical function as a marker for mortality and test interventions to prevent decline
in physical function to improve post-treatment survival outcomes.
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INTRODUCTION
Breast cancer is the most common female cancer, with over 200,000 women diagnosed each
year in the Unites States [1], including a large proportion (43%) who are over the age of 65
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years. Women with early stage breast cancer can anticipate excellent survival rates similar to
age-matched women [1]. However, treatment modalities, including surgery, radiotherapy,
axillary node dissection, chemotherapy, and endocrine therapy, can cause long-term
treatment-related effects that may persist for up to 20 years following treatment [2–5]. Older
breast cancer survivors are particularly vulnerable, as cancer and its treatments usually co-
occur with comorbid conditions that have an impact on functional status [6,7]. Identifying
patterns of functional status decline and risk factors for persistent functional decline after
breast cancer treatment may inform the design of interventions to improve health outcomes
in older women with breast cancer.

Disability and loss of independence result in a large economic toll on all cancer survivors,
making long term health outcomes a very important focus in oncology [8,9]. Functional
status measures, including activities of daily living and mobility, are important predictors of
survival in the general population of community dwelling older persons, and may be even
more relevant for older women with breast cancer [10]. The rate of functional decline is
dramatically accelerated in patients over the age of 65 years with cancer [11], and older
cancer survivors report more functional impairment than individuals who have not had
cancer [12].

Breast cancer patients commonly report a decline in physical functioning in the year
following a cancer diagnosis, primarily due to the effects of primary treatment [13]. While
the majority of patients are expected to recover their physical functioning capacity in the
months following the completion of therapy, some do not recover fully or decline even
further [6]. To develop a better understanding of the impact of persistent decline in physical
functioning after breast cancer in older women, we used data from a prospective cohort of
women diagnosed with breast cancer at age 65 years or older [14]. We hypothesized that
decline in self-reported physical functioning that persisted two years after breast cancer
diagnosis would predict survival. This paper describes our findings and links persistent
decline in physical functioning over the two years after diagnosis to greater all cause
mortality.

METHODS
Study population

Data from a previously reported study, described in detail elsewhere, were used for this
study [14]. Briefly, women aged 65 years or older diagnosed with early stage breast cancer
(stage I with tumor diameter ≥ 1 cm, stage II, or stage IIIA) between 1996 and 1999 at 1 of
61 hospitals in Rhode Island, North Carolina, Minnesota, or Los Angeles, were identified
through tumor registries and hospital pathology reports. Physicians gave permission to
contact women (n=1,621), and invitations were sent to participate in the study. Additional
entry criteria included the following: (1) no prior history of primary breast cancer, (2) no
simultaneously diagnosed primary tumor at another anatomic site, (3) English-speaking or
with an available translator, and (4) competent for interview with satisfactory hearing or
with an available proxy respondent. Women had to be enrolled within 5 months of the date
of their breast cancer surgery. Of the 1,621 women who were invited, 865 consented to
participate in the study and were subsequently enrolled; however, only 689 completed the
baseline telephone survey at 3 months post-diagnosis that captured self-reported information
needed for this study.

Physical functioning outcome
Self-reported physical functioning was measured with the 10-item Physical Function Index
(PF-10) of the Medical Outcomes Study Short Form-36 [15,16]. Decline in PF-10 was
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measured using longitudinal assessments obtained at 15 and 27 months following diagnosis,
and a retrospective rating of pre-diagnosis PF-10 function that was obtained at 3 months
after diagnosis (3-month PF-10).

Decline in PF-10 was examined between 2 different assessment time intervals: 1) 3 and 15
months, and 2) 3 and 27 months. This choice was based on our hypothesis that a decline that
persisted over the longer interval of time would be more informative, as patients might
exhibit transient decline followed by stabilization or return to pre-treatment status.

Survival analysis
Women were enrolled between December 1996 and September 1999 and date of death was
obtained from the National Death Index examined in February 2010 available through 2008.
We examined the difference in PF-10 during the two intervals as a continuous predictor of
survival. PF-10 decline was also examined as a binary predictor in order to examine for a
non-linear relationship with survival. To identify a meaningful amount of decline in PF-10
score, cut points were defined using standard population norms from a group of 413 women
over the age of 65 who completed the SF-36 Health Survey, including mean 61.86 and SD
28.95 [15, 16]. A 10-point difference in the SF-36 scores can be considered clinically
meaningful [17]. Binary outcomes were constructed for small (0.2 SD = 5.79 points),
medium (0.5 SD = 14.475 points), and large (0.8 SD = 23.16 points) amounts of decline in
the PF-10 measurement over the designated intervals, based on the method of Cohen for
calculating effect sizes [18].

Independent variables
Variables used to predict decline and survival included demographic, health-related, and
cancer-related factors. Demographic variables included age at diagnosis (categories of 65–
69 years, 70–79 years, and 80 years and above), race (Caucasian versus other), education
(less than high school vs. high school graduate vs. more than high school graduate), marital
status (married versus unmarried), and site (Rhode Island, Minnesota, North Carolina, and
Los Angeles). Health variables included body mass index (BMI) treated as a continuous
variable, Charlson Comorbidity Index [19] (extracted from medical records) treated as a
discrete variable (sum of conditions), self-reported exercise 3 months after diagnosis (0 =
no, 1 = yes), tobacco smoking history (0 = none, 1= ever smoked), and self-rated health
before diagnosis treated as a dichotomous variable (0 = excellent, very good, or good, 1 =
fair or poor). Tumor characteristics included stage at diagnosis (stage I, IIA, IIB, or IIIA)
and estrogen receptor status. Additional variables that were examined in preliminary
analyses but not found significantly associated with PF-10 or survival in multivariate models
included treatment (type of surgery, chemotherapy, radiation, and endocrine therapy), a five-
question Mental Health Inventory general measure of emotional health (MHI5, scaled 0 to
100, higher scores reflect better function) from the Medical Outcomes Study–Short Form
(MOS SF-36) [15], and the psychosocial and medical interactions subscales from the Cancer
Rehabilitation Evaluations System – Short-Form (CARES-SF) [20].

Imputation of missing data
Data were available from 689, 491, and 451 women at the 3-, 15-, and 27-month interviews,
respectively, leading to potential bias in summary statistics generated by the complete-case
data analysis. Of the 198 with missing data at 15 months, 13 women returned to the study at
27 months. Missing data at 15 and 27 months were attributable to 1 and 3 breast cancer
deaths and 1 and 4 deaths from competing causes, respectively. Data exploration revealed
that demographic and medical characteristics of dropouts were similar to those of decliners,
although decliners were younger and had higher baseline PF-10 (see Table 1). We estimated
the need for a sample of 752 individuals, using Cox proportional hazards analysis, to detect
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a hazard ration difference of 1.2 with 80% power. Based on preliminary findings of a
significant association between survival and persistent decline in physiological functioning
between 3 and 27 months in the subset of study participants who are present at the 27 month
visit, we wished to examine this relation more closely using the full sample enrolled in the
study at 3 months (N=689). Therefore, data imputation was required to have an adequate
sample, given the missing data bias, and limited sample of complete data. To address this
issue, we used the method of multiple imputation [21–22] with 5 complete data sets created
by imputation under a multivariate normal model that incorporated PF-10 at the 3 month
visit, as well as PF-10 difference between 3rd and 15th month, and the PF-10 difference
between the 3rd and 27th month, along with fixed covariates including the demographic
variables, health variables, and tumor characteristics described above. Imputation was
performed with survival time in the model, using a multivariate normal model [23] with
adaptive rounding postimputation for binary measures [24]. Thirty five individuals with
survival less than 27 months were excluded from subsequent analyses. Estimates of
parameters of interest were obtained by averaging across the 5 results generated by
analyzing each imputed data set separately, with Wald-type confidence intervals calculated
from the multiply imputed data using well-established combination rules [22, 25].

Statistical Analysis
Analyses were performed using R statistical software. Multivariate Cox proportional hazards
analysis was used to examine both 1) retrospective PF-10 reported 3 months after diagnosis,
and 2) decline in PF-10, as predictors of survival. Models were constructed to adjust for
those covariates shown to have an effect on survival in minimally adjusted models not
including 3-month PF-10 as a covariate, and those known to impact survival in early stage
breast cancer. Independent variables included demographics, tumor and treatment
characteristics, health status variables, and comorbidity described earlier. We explored the
association of change in PF-10 with survival in models adjusted for 1) demographic
variables and baseline PF-10, 2) tumor characteristics and health characteristics, and 3) self-
rated health before diagnosis (fully-adjusted models). We then examined for nonlinear
effects of PF-10 on survival, by exploring whether small, medium, and large amounts of
early and persistent decline in PF-10 had an impact on survival. Five separate Cox models
were obtained, one for each of five imputations, and the results were combined to yield a
single parameter estimate and standard error, accounting for the within- and between-
imputation variability.

Multiple linear regression analysis was used to examine what factors were associated with
persistent decline in PF-10 in the 27 months following cancer diagnosis. Models were
adjusted for 1) demographic variables and 3-month PF-10, 2) tumor characteristics,
comorbidity, and self-rated health before diagnosis, and 3) additional health-related
variables.

RESULTS
Characteristics of Study Participants by Functional Status

Table 1 reveals characteristics of the study population at 3-month assessment, and reflects
data before imputation was performed. For the 689 women assessed 3 months after
diagnosis, mean retrospective pre-diagnosis PF-10 was 79 (SD 25). The mean PF-10 in our
study sample is higher than that of the general population of women over the age of 65 years
reported in the SF-36 Health Survey Manual [16], likely representing the selective nature of
women participating in the study, including relatively few comorbid conditions. A large
proportion of the participants were Caucasian (93%), married (45%), with at least a high
school education (47%). Few of the participants had a score of more than 1 on the Charlson
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Comorbidity Index (7%) and 36% had a score of 1. 48% of the cohort had a history of ever
smoking, while 19% were currently smoking. Half of women (51%) reported that they were
currently exercising, and 84% of the patients reported good, very good or excellent health
before diagnosis. Most women had stage I (51%) or IIA (30%) disease, and tumors that were
estrogen receptor positive (74%). About half of the patients received mastectomy with the
remainder receiving breast conservation surgery plus radiation. 19% of patients received
adjuvant chemotherapy and 66% of patients received adjuvant endocrine therapy.

106 women who provided data at 27 months experienced a large decline (> 0.8 SD) in PF-10
from 3 to 27 months following breast cancer diagnosis. In Table 1, we compare the baseline
characteristics of patients with a large persistent decline compared to those who did not
experience a decline and with those who dropped out from the study at 27 months (using
data before imputation). Women with a large persistent decline in PF-10 were significantly
less educated (p=0.01), less likely to exercise (45 versus 61%, p=0.01), were more likely to
have Charlson score at least 1 (42 versus 38%, p<0.01), and had higher BMI (mean 27
versus 25, p = 0.04) and 3-month PF-10 (88 versus 79, p <0.01) than those without large
decline. Comparing those who experienced large decline to those who dropped out of the
study at 27 months, dropouts were older than decliners (borderline p=0.05), and decliners
had much higher 3-month PF-10 (88 versus 74, p<0.01). No other differences in health
characteristics and tumor characteristics were identified between decline and dropout
groups.

Patterns of Decline in Physical Functioning
Figure 1 displays example patterns of decline in PF-10 over 27 months following diagnosis,
grouped based on functional decline. Trajectories of PF-10 from 3 to 27 months were
examined using manually selected individuals to identify sample patterns that occur for 3
groups defined with respect to large decline (>0.8 SD) in the early (3 to 15 months) and
persistent (3 to 27 months) intervals. The 3 groups included: 1) women with an initial large
decline from 3 to 15 months, and who recovered before 27 months (Figure 1a), 2) those
without large decline between 3 and 15 months, but with either a large decline between 15
and 27 months or some decline in both intervals that sums to a large decline between 3 and
27 months (Figure 1b), and 3) women who experienced a large decline from 3 to 15 months
and either continued to decline or did not recover in the second interval (Figure 1c). For
simplicity of analysis, we group together the individuals who experience decline between 3
and 27 months (depicted in Figure 1b and 1c) as those who experience a persistent decline
and compare them with those who experience early decline and recover (depicted in Figure
1a).

Predictors of Persistent Decline
Table 2 reveals factors associated with change in PF-10 from 3 to 27 months following
cancer diagnosis. In initial models less education (β=−6.5, 95% CI −11 to −1.6 for high
school education) and higher 3-month PF-10 (β = 19 with 95% CI 13–28 and 17 with 95%
CI 13–22 for those with 3-month PF-10 between 75 and 85 and >85, respectively) were
associated with persistent decline. In models adjusted for tumor characteristics, Charlson
Comorbidity Index, and self-rated health before diagnosis, persistent decline in PF-10 at 27
months after diagnosis was associated with Charlson Comorbidity Index (β = 1.4, 95% CI
0.10–2.7) in addition to lower education and higher 3-month PF-10. In full models adjusted
for marital status, BMI, and other health characteristics, higher BMI was associated with
persistent decline in PF-10 at 27 months with borderline statistical significance (β = 0.59,
95% CI −0.01–1.2).
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Decline in Self-reported Physical Functioning and Survival
Of the 689 women who provided data for the 3 month initial survey, there were 247 deaths,
with 91 deaths attributable to breast cancer and 156 deaths attributable to competing causes.
Change in PF-10 from 3 months to 27 months after diagnosis was significantly associated
with shorter survival, both in minimally adjusted models and after adjustment for factors
known to influence survival (see Table 3). Factors associated with shorter survival included
3-month PF-10 (HR=0.92 for every 10 points in PF-10 above the mean, 95% CI 0.89–0.95),
higher stage (HR=1.70 for stage 3a, 95% CI 1.1–2.6), and poorer self-rated health before
diagnosis (HR=1.29, 95% CI 1.0–1.6). A 10-point decline in PF-10 from 3 months to 27
months confers a hazard ratio of 1.06 (95% CI 1.0–1.1) and a 25-point decline over this
period confers a hazard ratio of 1.16 (95% CI 1.1–1.3). In contrast, change in PF-10 from 3
to 15 months after diagnosis was not significantly associated with survival (HR=1.03 for 10-
point decline, 95% CI 0.99–1.1). In our multivariate model predicting survival, we have
adjusted for self-rated health at baseline and self-reported baseline physical functioning by
introducing these as covariates in the model. Decline remains significantly associated with
survival while adjusting for these factors. The value of adding decline is exhibited by
comparing the variance explained by proportional hazards models with and without decline
as a predictor. On average, models that include SRH and decline explain 9.2% of the
variance, whereas models adjusted for decline and not SRH exaplain 8.7% of the variance,
and models that are adjusted for SRH and not decline explain 7.2% of the variance.

When we examine small (> 0.2 SD), medium (> 0.5 SD), and large (> 0.8 SD) sizes of
decline in PF-10 over the early (3 to 15 months after diagnosis) and longer (3 to 27 months
after diagnosis) intervals, both medium and large decline over the longer interval were
associated with shorter survival (Table 4). This effect persists after adjustment for factors
known to affect survival, with HR=1.22 for medium (95% CI 1.0–1.5) and HR=1.34 for
large (95% CI 1.1–1.6) decline in PF-10 from 3 to 27 months. Figure 2 reveals Kaplan-
Meier survival curves according to the presence of large (> 0.8 SD) decline in PF-10. While
a clear difference in survival is observed for large decline from 3 to 27 months (Figure 2b,
Table 4), survival was not significantly affected by any amount of decline in PF-10 from 3
to 15 months (Figure 2a, Table 4).

DISCUSSION
We found that a large, persistent decline in self-rated PF-10 in the two years after breast
cancer diagnosis was associated with all-cause mortality 10 years later in older women. This
effect remains significant after adjustment for factors known to be associated with lower
functional status and survival, including older age and poor self-rated health. Furthermore,
we identified baseline characteristics, including less education, increased comorbidity, and
BMI that may be useful in identifying a subpopulation of women at risk for functional
decline and reduced survival time.

Following completion of adjuvant treatment, breast cancer survivors experience diminished
quality of life and self-reported functional limitations [26–31]. Functional limitations
following initial treatment for breast cancer in women of all ages substantially impacts
overall survival [26, 27]. In this analysis, we find that the patterns of decline in physical
function and its persistence in women over the age of 65 years adds further information in
predicting survival.

This selected, volunteer sample had a mean pre-diagnosis retrospective rate of PF-10 at 3-
months (79 +/− 25) that was significantly higher than that of the general population of
women over the age of 65 years (61.86 +/− 28.95), as reported in literature [16]. Higher
values for 3-month PF-10 suggests that our study population was healthier and higher
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functioning, on average, reflecting selection by both physicians and subjects. Notably, the
parent study had more difficulty recruiting the oldest patients who were potentially eligible
[14]. Likewise, the proportion of patients whose physicians did not allow them to be
contacted increased with advancing age [14]. In addition, our cohort had higher education
levels and socioeconomic status than the general population, both of which are also
associated with better functional status. Modest declines in self-reported PF-10 may
significantly impact the health and well-being of this highly functional older population. A
higher PF-10 prior to diagnosis was associated with a greater likelihood of persistent decline
at 27 months after diagnosis. This may represent a ceiling effect where the individuals who
start out the highest are much more likely to experience a large decline than those who do
not have as much to lose. Other explanations include regression to the mean, inflated
perceptions of physical function prior to the breast cancer diagnosis, and/or the greater
impact of breast cancer and its treatment on very high functioning older women.

Limitations of our study include response bias, and the diminishing numbers of individuals
participating in the study at each follow up interval. To account for this, we used data
imputation to perform our analysis. Individuals who had available data and experienced
decline had similar baseline characteristics to those who dropped out at 27 months. While
we did find an association between a large decline in PF-10 and survival, our analysis was
limited by a small sample size and low death rate.

Type and extent of treatment received are well known to be closely related to both
functional status, stage of disease, and survival. Survival analyses presented in our study do
not include treatment as a covariate. Stage and treatments received and completed, including
chemotherapy, radiation, tamoxifen prescribed at 3 months and 36 months, and type of
surgery were included as covariates in the imputation. In preliminary analyses, treatment
received did not predict survival when adjusting for stage. Therefore, stage was included in
our analyses rather than treatment received. We also examined for an association between
chemotherapy received and decline in self-reported PF-10 using chi-square analyses.
Completion of chemotherapy was not associated with early decline or persistent decline in
our population, and therefore is unlikely to be confounding the association of decline in
physical functioning with survival.

Response shifts are important in considering longitudinal change in self-reported outcomes.
We examine the change in PF-10 that occurs in relation to a retrospective rating 3 months
following diagnosis in which the patient was asked about physical functioning right before
her breast cancer was diagnosed. Women with more aggressive and higher stage of disease
may undergo more debilitating treatments and may therefore have higher retrospective
ratings, suggesting that response shift might account for our findings. However, both of our
decline variables (early decline and persistent decline) use the same baseline assessment and
only persistent decline is associated with survival. Furthermore, we adjust for stage in our
analyses, and persistent decline predicts survival after adjustment for stage. Response shift
may also play a role in the finding that our study population has a high baseline average
PF-10 (78.64), relative to the population average (61.86). However, the average PF-10
remains elevated in follow up assessments (70.64 at 15 months, 70.43 at 27 months, 67.38 at
39 months, 68.14 at 51 months), suggesting that our study population represents a physically
robust population.

Chronic inflammation may drive the link between persistent decline and long term survival
in breast cancer survivors. We hypothesize that early decline is caused by cancer and its
treatment, while persistent decline is related to host factors such as chronic disease and
inflammation. There is a strong link between inflammation, disease burden, and functional
decline and disability in general populations of older adults [32–37]. In turn, inflammation
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and disease play a role in fatigue and functional decline in cancer survivors of all ages [38].
Aging and cancer may synergistically worsen inflammation and accompanying disease
burden and these factors may underlie the link between functional decline and mortality
observed in our study and others [27]. Identifying inflammatory biomarkers associated with
functional decline may add important prognostic information in the care of older breast
cancer survivors. Future studies should also examine associations between decline in
physical functioning and breast cancer-specific survival, where both early and persistent
decline may play a role.

We conclude that decline in self-reported PF-10 that persisted over two years following
breast cancer diagnosis was predictive of poorer 10-year survival in older breast cancer
survivors. Future research should determine whether early recognition of decline in physical
functioning can prospectively improve survival outcomes, and coordination of care between
primary care physicians and oncologists may optimize management of comorbid conditions
[39]. Physical activity and health education interventions have been shown to improve
physical performance scores in sedentary older adults at risk of disability [40]. Further
research should address whether exercise interventions that improve physical function or
diet and smoking cessation interventions have an impact on patterns of decline in physical
functioning specifically in older cancer survivors.
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Fig. 1.
Example patterns of individual decline in physical functioning over 27 months after breast
cancer diagnosis. Sample trajectories from 30 manually selected individuals from each of
three categories (10 individuals in each category). In Figure 1a, individuals are shown who
do experience > 0.8 SD decline from 3 to 15 months, but this decline does not persist at 27
months. Figure 1b shows those who do not experience a significant decline initially, but who
do experience ≥ 0.8 SD decline from 3 to 27 months. Those individuals who experience
decline both from 3 to 15 months and a persistence of this decline at 27 months are shown in
Figure 1c.
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Fig. 2.
Effects of early decline (Figure 2a) and persistent decline (Figure 2b) on overall survival. A
large (> 0.8 SD) decline in PF-10 between 3 months and 15 months after diagnosis is not
associated with survival (HR=1.11 [0.87–1.42]), whereas a large decline in PF-10 between 3
and 27 months after diagnosis is associated with significantly shorter survival (HR=1.38
[1.13–1.68]).
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