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Abstract

Objective—In older patients with cancer, we aimed to investigate associations between a patient-

reported outcome measure for sarcopenia (SarcoPRO) and the Short Physical Performance Battery 

(SPPB), self-reported falls, and limitations in instrumental activities of daily living (IADLs).

Materials and Methods—Assessments were conducted as part of the initial evaluation of older, 

often frail, patients with cancer seen in the Specialized Oncology Care and Research in the Elderly 
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(SOCARE) clinic. Univariate associations were evaluated using Spearman’s correlation and 

Wilcoxon sign ranked tests. Logistic regressions were used to identify associations of clinical 

factors and SarcoPRO scores or SPPB scores with falls and IADL limitations.

Results—In total, 174 older patients with cancer were evaluated. A moderate correlation was 

found between the SarcoPRO and the SPPB (ρ = 0.62). After adjusting for multiple clinical 

factors, neither the SarcoPRO nor the SPPB were associated with falls. In contrast, both higher 

SarcoPRO (i.e., worse) and lower SPPB (i.e., worse) scores were associated with limitations in 

IADLs (Odds ratio for one unit change in predictor: SarcoPRO: 1.06, p<0.0001; SPPB: 0.71, p = 

0.003, respectively). Models using the SarcoPRO and SPPB explained similar amounts of 

variability in association with IADL limitations (AUC: 0.88 vs 0.87, respectively).

Conclusions—The SarcoPRO was moderately associated with the SPPB, an objective measure 

of physical performance, and was associated with limitations in IADLs. Thus, older patients with 

cancer who present with IADL limitations should be screened for sarcopenia. The SarcoPRO 

shows promise as a measure for screening as well as outcome assessment for research on 

sarcopenia.

Background

Sarcopenia is the degenerative loss of muscle mass, quality, and strength associated with 

aging. Sarcopenia is commonly accelerated in patients with cancer as a result of 

upregulation of the inflammatory response, malnutrition, or cancer treatments (1–8). Low 

scores on a lower extremity physical performance test, which can indicate muscle weakness, 

have been identified as a major risk factor for falls in older adults (9, 10). The prevalence of 

falls is higher for patients with cancer compared with their age-matched counterparts 

without cancer (11–13). For example, a nationally-representative, population-based study of 

older Medicare beneficiaries found that over 1 out of 5 cancer survivors reported recent 

falls, which was higher than in an age-matched cohort without cancer (11). Cancer is more 

common in the elderly population, in which sarcopenia is more common than in younger 

adults. Furthermore, patients with cancer are more likely to have sarcopenia than individuals 

of similar age (14, 15).

In addition to falls, limitations in independent activities of daily living (IADLs) can 

compromise patient’s ability to live independently and greatly decrease the quality of life of 

elderly individuals. A longitudinal study in community dwelling older adults showed that 

baseline limitations in IADLs predicted an increase in the number of physician visits in the 

subsequent three years (16). Using the Surveillance Epidemiology and End Results data and 

the Medicare health outcomes survey linked data set (i.e., SEER-MHOS data set), Stafford 

et al. (17) found that patients with cancer reported interference in IADLs more often than 

similar patients without cancer. Patients who experienced chemotherapy toxicity reported a 

larger decrease in physical function and ability to independently perform IADLs than 

patients with cancer who did not experience chemotherapy toxicity(18).

Several studies have shown that decreased physical function and/or muscle weakness are 

associated with IADL deficits and can predict future limitations in IADLs (16, 19–22). In 

these studies, sarcopenia or loss of muscle size and strength is usually measured using 
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physical function tests such as the Short Physical Performance Battery (SPPB) (23). These 

performance tests, which must be administered in the clinic, include timed short distance 

walks, repetitive chair stands, and balance tests. These tests require trained professionals 

with adequate time and space; all of which are often unavailable in busy clinics. Deficits in 

lower extremity physical function, including muscle weakness, are commonly identified as a 

risk factor for falls and is associated with interference in IADLs in the elderly and cancer 

patient populations (24). Therefore, identifying a quick, inexpensive self-report tool that can 

assess sarcopenia and potentially predict falls or limitations in IADLs could help identify 

patients for falls prevention and interventions designed to preserve IADLs.

The objective of this study was to investigate the utility of a self-reported measure of 

sarcopenia and generate hypotheses to test in future studies by assessing its association with 

an objective measure of lower extremity physical performance (i.e., SPPB) as well as falls 

and limitations in IADLs in frail, older patients with cancer.

Methods

Patients and assessments

The study cohort consisted of patients aged 65 and over who were referred to the 

Specialized Oncologic Care and Research in the Elderly (SOCARE) clinic for 

comprehensive evaluation with geriatric assessment (GA). The older patients referred to the 

SOCARE clinic are generally newly diagnosed and often frail patients who have recently 

been started on treatment or in the process of deciding which treatments are appropriate. 

Because chemotherapy has a high risk of toxicity in frail patients, older patients are referred 

to the SOCARE clinic for the expert advice of geriatric oncologists who provide 

assessments and counselling for frail patients regularly to help decide whether to initiate 

chemotherapy. This study was approved by the University of Rochester’s Research Subjects 

Review Board. All patients signed a written informed consent. Upon referral to the 

SOCARE clinic, patients reported if they had fallen in the last 12 months using a standard 

questionnaire (25). They then completed the SarcoPRO (patient-reported outcome measure 

for sarcopenia)(26). The SarcoPRO was recently developed using open-ended interviews in 

which patients with known sarcopenia (n=12) were asked to characterize the functional 

effects of their reduced muscle strength on their daily lives. A common set of codes was 

developed to summarize the data and create a preliminary survey. Subsequent cognitive 

interviews with another cohort of sarcopenia patients (n = 12) were used to finalize the 

measure (26). The originally published measure consists of 14 items, a series of questions 

(each ranked on a 0 to 10 numeric rating scale) asking about physical limitations of the 

lower extremities, including those resulting from muscle weakness. One item, number 10 

[“How much difficulty did you have lifting objects that weigh about 10 pounds, for 

example, a gallon of milk?”], in the original publication was removed from the survey for 

this study because of close redundancy with number 11 [How much difficulty did you have 

carrying objects that weigh about 10 pounds, for example, a gallon of milk?”]. The 

SarcoPRO score was calculated by adding the individual question scores, with the possible 

composite scores ranging from 0 to 130. The SPPB was also administered during the 

geriatric assessment. The performance test is based on the time it takes patients to stand 
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from a seated position five times, how long they can balance in various standing positions, 

and a timed 4 meter walk test. The patients also reported limitations in IADLs including 

telephone use, travel further than walking distance, grocery shopping, meal preparation, 

housework, independent medication management, and handling money using Lawton’s 

measure of IADLs (27). Cognitive function was measured using the validated Blessed 

Orientation-Memory-Concentration Test (BOMC) (28). Depression was assessed using the 

Geriatric Depression Scale (GDS), a validated tool for identifying depression in seniors (29).

Age, gender, use of prescription medications that can cause dizziness (i.e., opioid, 

benzodiazepine, or sleeping medications / hypnotics, e.g., eszopiclone), cancer stage and 

treatment history were obtained during in-person interviews and from the medical charts. 

Opioid, benzodiazepine, or sleeping medication / hypnotic prescription was defined by the 

patients’ report of taking any of these drugs for any length of time and at any frequency at 

the time of the assessment. Patients were considered to have had previous chemotherapy, 

radiation, or surgery for cancer if they had any of these treatments for the cancer for which 

they were currently being treated at any time in the past.

Statistical analyses

Imputation of missing data: When 1 of 13 data points was missing for the SarcoPRO score, 

the missing value was replaced with the average of the other 12 answers (imputation of the 

mean, (30)). If more than 1 data point was missing for the SarcoPRO, the total SarcoPRO 

score was considered missing. When 1 of 10 data points was missing for the GDS it was 

replaced with a 0, corresponding to a ‘no’ answer for each yes or no question in the scale 

(i.e., will bias toward lower estimate of depression). If more than one data point was 

missing, the data for the GDS was considered missing for that patient. Bivariate analysis: 

Wilcoxon Rank Sum tests were used to compare the distribution of the SarcoPRO scores 

between fallers and non-fallers and patients reporting any or no limitations in IADLs. 

Limitations in IADLs were dichotomized to increase the clinical interpretability of the 

results. The correlation between the SarcoPRO and the SPPB was evaluated using 

Spearman’s correlation.

Threshold analysis—Receiver operating characteristic (ROC) curves were used to 

identify a cut-off SarcoPRO score that could potentially distinguish between groups. Cut-off 

scores that provided the combination of the highest sensitivity and specificity were 

identified by the JMP 11 program.

Multivariate analysis—In order to determine if the SarcoPRO or SPPB were associated 

with falls or limitations in IADLs after adjusting for clinical variables that may confound 

these associations, independent associations between SarcoPRO or SPPB scores and falling 

or limitations in IADLs were assessed using separate multivariable logistic regression 

models including clinical factors. The purpose of creating separate identical models other 

than the inclusion of the SarcoPRO or the SPPB score was to test the relative utility of 

similar multivariable models including each measure to assess whether the SarcoPRO has 

potential to act as a surrogate for the SPPB in future research studies in an older cancer 

population. Independent variables including age, gender, cancer stage, previous treatment 
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[(radiation, or surgery) (yes vs. no), previous chemotherapy (yes vs. no)], opioids, 

benzodiazepine, or sleeping medication / hypnotic usage (yes v. no), cognitive impairment 

(yes (i.e., ≥ 11) v. no), and depression score along with the SarcoPRO or the SPPB were 

used to create separate logistic regression models. Falls (yes vs. no) or limitations in IADLs 

(none vs. any) were the dependent variables. Our pre-specified analysis plan indicated that 

all independent variables would be included in the model simultaneously and retained in the 

model unless the variance inflation factor (VIF) for any variable is greater than 10. If the 

VIF of any variable was greater than 10, it would have been removed from the model unless 

it was the SarcoPRO or SPPB. None of the variables were removed from the models due to 

VIF. The final regression models with the SarcoPRO and the SPPB were compared using 

Bayesian information criteria (BIC) and area under the curve (AUC) values.

A p-value < 0.05 was considered significant. Adjustments were not made for multiple 

testing because of the exploratory nature of the study. Statistical analyses were performed 

using JMP 11.

Results

Data set

In total, 174 patients provided a SarcoPRO score between May 2011 and August 2013, with 

20 of these patients having one answer imputed. Of those 174 patients, 150 reported on falls 

and 155 completed the IADL assessment. The GDS was completed by 156 participants, with 

21 participants having one value imputed. The BOMC was completed by 159 participants 

and 160 participants provided information regarding medications. The SPPB test was 

completed by 161 patients.

Participant characteristics

The median participant age was 80 years old and 59% of participants were male. Few 

participants were identified as having depressive symptoms by the GDS (24% GDS ≥ 5) or 

cognitive impairment (15% BOMC score ≥ 11). Almost one third (31%) of participants 

reported having a prescription for either an opioid, benzodiazepine, or sleeping medication / 

hypnotic. While only 18% of participants had previously received chemotherapy, 70% had 

previously undergone surgery or radiation therapy for their cancer. Over half (61%) of 

participants had late stage cancer (i.e., stage 3 or 4). Over one third (36%) reported falling in 

the previous year and 63% reported at least one limitation in IADLs. The median SPPB 

score was 7, indicating that limitations in physical function were significant in this sample 

(Table 1). Between 11% and 37% of patients reported severe difficulty (i.e., 7–10 score) 

with any individual activity asked about in the SarcoPRO (Table 2).

Univariate associations between SarcoPRO and falls, IADLs, and SPPB

The SarcoPRO score was higher for fallers than non-fallers (mean (SD): 52.8 (38.7) vs. 33.2 

(34.6), p = 0.0006) and for patients who reported any IADL impairment vs. patients who 

reported no IADL impairment (mean (SD): 57.0 (36.5) vs. 12.5 (14.9), p <0.0001). The 

SarcoPro scores were moderately correlated with the SPPB scores (Spearman’s correlation = 

0.62, p < 0.0001) (Figure 1). The ROC curve for any vs. no IADLs indicates the best cut-off 
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in SarcoPRO to identify participants with any limitation in IADLs is 22 (sensitivity: 0.82; 

specificity 0.80, AUC = 0.88). The ROC curve for fallers vs. non-fallers indicates the best 

cut-off in SarcoPRO to identify fallers is 39 (sensitivity: 0.63; specificity 0.76, AUC = 0.77) 

(Figure 2).

Multivariable regressions evaluating associations between SarcoPRO or SPPB and falls 
and limitations in IADLs

The association between SarcoPRO or SPPB scores and falls was not maintained in 

multivariable logistic regression analyses (Table 3). In both models, previous surgery or 

radiation therapy was highly associated with falls. Patients who had previous radiation or 

surgery were approximately 11 times more likely to report falling than those who had not 

had previous surgery or radiation.

SarcoPRO and SPPB scores were both still significantly associated with IADLs in 

multivariable logistic regression models (Table 4). For every 1-unit increase in SarcoPRO 

(range: 0–130), the odds of reporting a limitation in IADLs were 6% higher (Table 4). For 

every 1-standard deviation (i.e., 36.95) change in SarcoPRO, the odds of reporting a 

limitation in IADLs were 735% (i.e., 7.35 times) higher (31). BOMC score was also highly 

associated with IADLs in the SarcoPRO model; patients who scored higher on the BOMC 

score (i.e., higher degree of cognitive impairment) were more likely to report a limitation in 

IADLs. For every 1-unit increase in SPPB score (range: 0–12, lower score indicating poorer 

physical function), the odds of reporting a limitation in IADLs were 30% higher (Table 4). 

For every 1-standard deviation (i.e., 3.46) change in SPPB, the odds of reporting a limitation 

in IADLs were 69% higher. In the SPPB model a BOMC score was also associated with 

limitations in IADLs. In the SPPB model, a higher GDS score was associated with reporting 

any limitation in IADLs but not in the SarcoPRO model. All variance inflation factors were 

under 2.0, suggesting no correlation between independent variables was too high. The 

measures of model fit (i.e., AUC and BIC) were similar for the models used to predict 

limitations in IADLs with SarcoPRO and SPPB scores with AUCs 0.88 and 0.87, 

respectively and BICs of 172.4 and 173.3, respectively.

Discussion

This study investigated the relationship between a self-report measure of sarcopenia 

(SarcoPRO) and an objective measure of lower extremity physical function (SPPB) as well 

as falls and limitations in IADLs. The SarcoPRO and the SPPB were moderately correlated 

(ρ = 0.62) and both were associated with limitations in IADLs, even after adjusting for 

multiple clinical factors using multivariable regressions. These results suggest that the 

SarcoPRO could be used as a screening tool to alert clinicians to a possible problem with 

lower extremity physical function in the oncology clinic where it may not be feasible to 

perform the performance assessment of lower extremity physical function with SPPB on all 

patients. The data also support the construct validity (32) of the SarcoPRO as an outcome 

measure for research studies. However, more research is necessary to evaluate the reliability 

and discriminant validity of the measure (32).
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Both the SarcoPRO and the SPPB were highly associated with any limitation in IADLs. The 

SarcoPRO could identify patients who reported any limitation with IADLs with both a 

sensitivity and specificity of at least 80%. Furthermore, even after adjusting for clinical 

factors in multivariable models, both the SarcoPRO and SPPB scores remained associated 

with limitations in IADLs. When considering the odds ratios for a standard deviation change 

in the SarcoPRO and SPPB, the SarcoPRO is more strongly associated with limitations in 

IADLs than the SPPB. Interestingly, depression was highly associated with limitations in 

IADLs in the model that contained the SPPB scores, but not the model that included the 

SarcoPRO. Depression has been linked to IADLs in previous studies (33–35), and in our 

study depression was associated with IADLs, but not falls. The models demonstrated very 

similar goodness of fit statistic (i.e., BIC and AUC values), and the standardized odds ratio 

(i.e., OR for a standard deviation change) is larger for the SarcoPRO than the SPPB 

suggesting that, in this case, the subjective, easily administered, PRO measure is likely just 

as effective as the more intensive objective measure. Consistent with previous studies (36–

41), cognitive abilities were also associated with limitations in IADLs in both models.

Other studies have demonstrated an association between limitations in IADLs and decreased 

physical function and/or muscle weakness. For example, a meta-analysis of intervention 

trials showed that lower scores on various tests of physical function and muscle strength, 

including gait speed, balance, grip strength, and chair raise time were significantly 

associated with limitations in IADLs (22). Our results are consistent with this and other 

previous studies that have found associations between lower extremity physical function and 

IADLs (21, 22, 42–44), but our study is the first to show this association in older patients 

with cancer, using an easy to administer PRO measure. Two previous longitudinal studies 

have shown that muscle weakness or lower extremity physical performance at baseline can 

predict limitations with IADLs in the future in community dwelling elders (21, 22). 

Although prospective studies should be conducted in older patients with cancer, these data 

suggest that interventions targeted at improving lower extremity physical function and 

muscle strength could decrease limitations in IADLs in this population.

Using the SarcoPRO as an outcome measure in future intervention trials for IADL 

limitations could help determine if interventions improving IADLs could be mediated 

through treatments that decrease sarcopenia. Future research should also examine sarcopenia 

prospectively in combination with functional issues and other clinical outcomes associated 

with cancer treatment. Studies should investigate whether the SarcoPRO measure can 

identify which patients are at the highest risk of toxicity from treatments (i.e., chemotherapy, 

surgery, or radiation). Ultimately, this could lead to development of interventions targeted 

directly at the patients with the highest risk of toxicity from treatment.

In addition to a potential role in research, the SarcoPRO could be useful in clinical practice. 

Muscle strength is not routinely measured in cancer clinics. These results indicate that 

patients who have limitations in IADLs should be screened for lower extremity physical 

function and considered for interventions targeted at improve limitations in physical 

function, including those caused by muscle weakness. These results suggest the SarcoPRO 

could be used as an initial screen of lower extremity functional limitations to determine if 
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more extensive evaluation and treatment is needed. However, future research is necessary to 

confirm this hypothesis.

Although univariate analyses suggested a relationship between both the SarcoPRO and the 

SPPB with self-reported falls, this relationship was not maintained in the multivariable 

model when the variance was adjusted for multiple clinical factors. This result is 

inconsistent with previous studies that have found relationships between muscle weakness 

and falls (9, 10, 24). For example, Tofthagen et al.(24) reported that falls were associated 

with increased muscle weakness, as measured by an item in a self-report chemotherapy-

induced peripheral neuropathy measure, loss of balance, chemotherapy cycle number, and 

neuropathic symptoms. This lack of association could be due to the long recall time for the 

falls (i.e., one year).

Clinical factors, such as the use of medications with sedative properties, depression, and 

cognitive status have also been linked to falling in previous research (25, 45, 46). For 

example, Stone et al. (46) found that the following factors significantly predicted time to fall 

in a multivariate model: primary brain cancer or brain metastases, the number of falls in the 

three months prior to enrollment in the study, severity of depression, and daily 

benzodiazepine dose. Primary brain cancer or brain metastases may have increased falls by 

causing cognitive impairment. None of these clinical factors were found to be associated 

with falls in this study. It is important to note, however, that the population in the paper 

published by Stone et al. (46) included only patients receiving palliative care, which is likely 

a very different population than patients being treated at the SOCARE clinic. These 

differences could explain the difference in the associations between clinical factors and falls 

found between the two studies. Alternatively, the fact that patients were asked to recall 

whether they had fallen in the past year was a limitation of the study and could explain these 

results. Furthermore, the relatively few numbers of patients who reported a fall (i.e., 60) 

could be have led to overfitting of the model, which could produce a model that is too 

specific for the data set and not reproducible externally. Future research that assesses falls 

prospectively with a larger sample of fallers should be used to examine the relationship 

between the SarcoPRO and falling should be performed in older patients with cancer before 

any causal conclusions are drawn about this relationship.

The strengths of this study include the varied statistical approaches to investigate the 

associations between the SarcoPRO and falls and limitations in IADLs. The fact that the 

data were collected in a geriatric cancer clinic and not as part of a clinical trial suggests that 

the subjects are representative of a broad range of geriatric patients with cancer. The study 

has some limitations. These limitations include the cross-sectional design, and therefore, can 

only identify associations and not causation. The analyses include ROC curves and 

multivariable models, which are tools used to assess a variable(s) predictive value for an 

outcome, but in this case the results can only be interpreted as hypothesis-generating for 

future prospective studies. Patients were asked to recall falling in the year prior to 

assessment at the clinic. While this is a standard question for falls (25), this long recall time 

may underestimate the actual number of falls, and could explain why we did not find a 

strong association between falls and the SarcoPRO or SPPB. IADLs were assessed at the 

same time as sarcopenia, thus, we cannot make any conclusions about whether the 
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SarcoPRO is useful as an early predictor of IADL limitations in the older patient population 

with cancer. This hypothesis should be tested in future studies to determine if the SarcoPRO 

can be used to help target interventions. Patients reported their current medications. We 

cannot be sure how consistently the patients took the medications or how long they were 

taking them prior to the assessment date and some of the patients may have difficulty 

remembering the names of all the medications that they are taking, which could lead to 

under reporting of opioids, benzodiazepine, or sleeping-pill use. Furthermore, other 

medications that we did not include, such as antidepressants, can also cause dizziness. These 

issues could explain why we did not find a relationship between prescription of a sedating 

medication and falls as has been identified in other studies (25, 46). However, other studies 

have also failed to find an association of falls with benzodiazepines and opiates in older 

cancer populations (47, 48).

Although the time interval between diagnosis and/or treatment and evaluation in the 

SOCARE clinic could be related to falls or limitations in IADLs, we did not include this 

variable in the model to avoid overfitting for the available sample size and heterogenous 

nature in terms of previous treatments, which were included in the model. Future studies of 

larger and less heterogenous samples should be used to investigate this possible association.

In conclusion, this study demonstrated a strong association between both measures of lower 

extremity physical function, the SarcoPRO and the SPPB, and limitations in IADLs. These 

findings in combination with results from two longitudinal studies in community dwelling 

elders suggest that interventions targeted at improving lower extremity physical function, 

including functional limitations caused by muscle weakness, could improve limitations in 

IADLs. These results also suggest that the SarcoPRO may be a valuable tool to assess 

sarcopenia related physical function limitations for research purposes and in the clinic when 

objective physical performance measures are not feasible. However, future studies are 

needed to further characterize the utility of the SarcoPRO in these settings. Furthermore, 

prospective studies are needed to assess the longitudinal relationship between physical 

function limitations identified by the SarcoPRO and IADL limitations in older patients with 

cancer prospectively.
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Figure 1. 
Correlation between the SarcoPRO and Short Physical Performance Battery (SPPB) scores 

(n = 160).
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Figure 2. 
Received operating characteristic curves for SarcoPRO scores predicting patients with any 

limitation vs. no limitation in instrumental activities of daily living (IADLs) (n = 167) and 

fallers vs. non-fallers. * represents the cut-off value for each curve that maximizes 

sensitivity and specificity. Area under the curve (AUC).
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Table 1

Participant characteristics

Characteristic N (%) or Median (IQR)

Age 80 (76 – 85)

Sex

 Male 103 (59%)

Cancer Type

 GI 53 (30%)

 Prostate 35 (20%)

 Lung 33 (19%)

 Bladder 12 (7%)

 Breast 9 (5%)

 Blood 3 (2%)

 Skin 3 (2%)

 Other 26 (15%)

Depression score

 Low (<5) 108 (76%)

 High (≥ 5) 34 (24%)

Blessed Orientation Memory Concentration Score

 Low (<11) 130 (85%)

 High (≥ 11) 23 (15%)

Opioid / Benzodiazepine / sleeping medication / hypnotic prescription

 Yes 54 (31%)

 No 120 (69%)

Previous Chemotherapy

 Yes 31 (18%)

 No 142 (82%)

Previous Surgery or Radiation therapy

 Yes 122 (70%)

 No 52 (30%)

Stage

 1 33 (19%)

 2 34 (20%)

 3 65 (37%)

 4 42 (24%)

Falls

 Yes 60 (36%)
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Characteristic N (%) or Median (IQR)

 No 107 (64%)

Any IADL

 Any limitation 109 (63%)

 No limitation 63 (37%)

SPPB 7 (4, 10)

GI – gastrointestinal; IADL – instrumental activities of daily living; SPPB – Short Physical Performance Battery.
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