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Key Points . . .

➤ Consistent naming and measurement of physical functioning 

outcomes in intervention studies of cancer survivors are im-

portant.

➤ Physical functioning can be measured in three distinct dimen-

sions: (a) performance tests of objective mobility, (b) self-re-

ported perceived mobility, and (c) self-reported participation 

in life activities.

➤ Interventions may improve one or more physical functioning 

dimensions, depending on whether the intervention improves 

capacity or reduces demand.

➤ Valuable knowledge could be gained by more frequent testing 

of mediator effects in intervention studies to improve physical 

functioning in cancer survivors.
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cation among nurse scientists and hasten translation of knowledge into 

clinical practice. 
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M
any cancer survivors report declines in their physi-
cal functioning, including basic body mobility and 
engagement in work and leisure activities, during 

cancer treatment and immediately after (Hann et al., 1999; 
Kriegsman, Deeg, & Stalman, 2004; Kroenke et al., 2004; No-
mori, Watanabe, Ohtsuka, Naruke, & Suemasu, 2004; Syrjala 
et al., 2004). For some survivors, post-treatment physical 
functioning eventually returns to pretreatment levels, though 
recovery of full participation in life activities after cancer 
treatment may take many years, especially when symptoms 
persist long-term (Curt et al., 2000; Flechtner & Bottomley, 
2003). Across cancer diagnoses and types of treatment, many 
adult survivors report that they have not fully regained their 
precancer levels of physical functioning or engagement in 
social, work, or leisure activities (Ganz et al., 2003). Several 
causes of long-term decrements in physical functioning have 
been explored in prior research, including symptoms such as 
fatigue, pain, and sleep disturbance as well as psychological 
factors such as depression (Curt et al.; Dodd, Miaskowski, & 
Paul, 2001; Nail, 2001, 2002; Schwartz et al., 2000; Stone et 
al., 2000; Visser & Smets, 1998). 

In previous studies of cancer survivors, the absence of a 
clear, consistent defi nition of physical functioning has created 
confusion in the way that physical functioning was measured 
and the results were interpreted. Physical functioning is a 
broad concept that includes physical abilities that range from 
simple mobility to engagement in complex activities that re-
quire adaptation to an environment. If the physical functioning 
outcome measured in a study is not carefully selected, an in-
tervention may be deemed ineffective when it might have been 
effective on a different dimension of physical functioning.

Another diffi culty in interpreting physical functioning out-
comes in research studies arises from the plethora of outcome 
names used, such as functional status, physical functioning, 
functional recovery, functional limitations, disability, quality 
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of life, and others. Even when the same measure has been 
used, the different naming of outcomes in studies may cause 
confusion in understanding the literature, comparing studies, 
and bringing research fi ndings into clinical practice. A fi nal 
problem with earlier studies of exercise interventions in cancer 
survivors is that many failed to measure physical functioning 
at all but instead measured a more global quality-of-life out-
come. In such a study, a physical functioning outcome might 
have shown a stronger effect from the intervention or might 
have explained how or why quality of life improved.

The conceptualization and measurement of physical func-
tioning is particularly relevant to exercise intervention studies 
in cancer survivors. Preliminary evidence indicates that exer-
cise improves physical functioning by controlling symptoms 
or by increasing physical fi tness, such as aerobic capacity or 
increased muscle strength (Courneya, Friedenreich, et al., 
2003; Mock et al., 1997; Schwartz, 1999; Schwartz, Mori, 
Gao, Nail, & King, 2001; Young-McCaughan et al., 2003), but 
the number of studies with strong methodology and adequate 
sample sizes is limited (Courneya, 2003). As research on the 
effects of exercise during cancer survivorship matures, care-
ful selection of physical functioning measures will facilitate 
comparisons among studies and advancement of knowledge. 
Similarly, other interventions, such as reduction of symptoms 
or mitigation of treatment side effects, can be evaluated in 
terms of physical functioning by pinpointing the dimensions 
and measures that capture changes over time. 

The purpose of this article is to propose a conceptual model 
for physical functioning that includes distinct measurable 
dimensions of physical functioning appropriate as outcomes 
in studies of cancer survivors. The model includes a concep-
tualization of interventions that affect particular dimensions of 
physical functioning, thus facilitating the selection of physi-
cal functioning outcomes in intervention studies. Exercise 
intervention studies in breast cancer survivors will exemplify 
use of the model to improve the measurement of physical 
functioning in future studies of cancer survivors.

History of Conceptual Models 
of Physical Functioning

In the past, conceptual models of physical functioning 
focused on a trajectory from illness to disability, a path that 
was expected to be more or less inevitable. Risk factors for 
poor physical functioning, such as symptoms, age, or health 
behaviors, were not incorporated into the model until the 
1990s. The classic model of disability developed by Nagi 
(1976, 1991) consisted of four concepts ordered in a causal 
sequence: (a) pathology—a disruption of normal body pro-
cesses, (b) impairment—physiologic loss or abnormality, (c) 
functional limitation—inability to perform an action or activ-
ity in a normal range, and (d) disability—inability to perform 
socially defi ned roles and activities. As disability research 
progressed, studies showed that a variety of factors, not just 
the medical conditions in the Nagi model, infl uenced physical 
functioning in healthy adults and in adults with chronic condi-
tions. Verbrugge and Jette (1994) proposed the Disablement 
Process model that included risk factors that preceded Nagi’s 
original four concepts. The Disablement Process also included 
personal factors and interventions that either mitigated or 
accelerated physical functioning declines over time (Femia, 
Zarit, & Johansson, 2001; Lawrence & Jette, 1996). 

The authors propose a revised model of physical function-
ing, shown in Figure 1, that is specifi cally designed to guide 
intervention studies in cancer survivors. The proposed model 
not only retains evidence-based concepts from earlier dis-
ability models tested in older adults without cancer but also 
adds key predictors of physical functioning relevant to cancer 
survivors. The model should be useful in naming physical 
functioning concepts and selecting measures for studies of 
people at all stages of the survivorship experience, from 
diagnosis, through treatment, and beyond (National Cancer 
Institute Offi ce of Cancer Survivorship, 2005).

Conceptual Model of Physical 
Functioning in Cancer Survivors

Physical Functioning of Cancer Survivors Can 
Improve as Well as Decline

Previous conceptual models of physical functioning have 
consisted of a main pathway that began with pathology and 
progressed through impairments, functional limitations, and 
disability. The proposed model eliminates the negative va-
lence of the concept names, a change that has been suggested 
by researchers who study physical functioning in older adults 
without cancer (Lawrence & Jette, 1996; Stewart, 2003). To 
eliminate a presumed negative valence, the term “predictors” 
is used instead of “risk factors” because predictive factors 
may reduce rather than increase risk. “Physical function-
ing” replaces the traditional negative terms of functional 
impairment, disruption in function, functional limitations, 
and disability. For cancer survivors, removing the negative 
descriptors is important because it emphasizes the expec-
tation that physical functioning will improve rather than 
decline following cancer treatment, depending on individual 
circumstances.

Predictors and Mediators of Physical Functioning 
in Cancer Survivors 

The proposed model includes predictors of physical func-
tioning that are germane to studies of cancer survivors but 
have not been included in prior conceptual models of physical 
functioning. For example, symptoms of cancer, modality and 
duration of cancer treatments, side effects of treatments, and 
health behaviors are likely to predict levels of physical func-
tioning in cancer survivors during and after treatment. 

Some predictors—symptoms, side effects, physical fit-
ness, and body composition—may mediate the relationships 
between other predictors and physical functioning in can-
cer survivors. Previous conceptual models did not include 
potential mediators. A mediator is a predictor variable that 
explains a substantial portion of the relationship between 
another predictor and an outcome variable. For example, 
cancer treatment modalities (predictor) cause different side 
effects (mediator) that, in turn, can affect physical functioning 
(outcome or endpoint). Mediator effects can be tested using 
a variety of statistical methods (Baron & Kenny, 1986; Ben-
nett, 2000; Holmbeck, 1997; MacKinnon & Dwyer, 1993), 
yielding valuable information about how relationships work 
or how interventions affect outcomes. Cancer studies seldom 
have reported on mediator effects, even when potential me-
diators were measured as predictor variables in a study. For 
example, even though studies in people without cancer have D
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shown that symptoms mediate the relationship between illness 
and physical functioning (Bennett, Stewart, Kayser-Jones, 
& Glaser, 2002; Rejeski, Ettinger, Martin, & Morgan, 1998; 
Stewart, 2003), symptoms seldom have been tested as media-
tors in cancer studies. 

Body composition is a predictor that may be an impor-
tant mediator of the effect of cancer treatments on physical 
functioning. Cancer treatments may cause changes in body 
composition, such as muscle wasting (sarcopenia), increased 
body fat, reduced bone mass, or dehydration. These body 
composition changes are likely to cause declines in physical 
functioning. To the authors’ knowledge, no study has assessed 
whether changes in body composition mediate the effects of 
cancer, other illnesses, cancer treatments, or health behaviors 
on physical functioning in cancer survivors, although some 
exercise studies (Kolden et al., 2002; Turner, Hayes, & Reul-
Hirche, 2004; Waltman et al., 2003) have measured body 
composition as an outcome. 

Physical fi tness is likely to affect physical functioning in 
cancer survivors, and exercise studies routinely measure con-
cepts such as aerobic capacity and muscle strength. Physical 
activity should not be confused with physical fi tness; physi-
cal activity and exercise can be interventions to maintain or 
improve physical fi tness but should not be used as a proxy 
for physical fi tness. Physical fi tness is a set of measurable 
attributes, such as aerobic capacity or muscle strength, that 
people have or achieve. Thus, physical activity or exercise (a 
predictor) may improve physical fi tness (a mediator), which, 
in turn, may improve physical functioning. 

Physical Functioning Has Three Distinct 
Dimensions, Allowing for More Precise 
Measurement of Intervention Effects 

An important innovation in this model is the conceptualiza-
tion of physical functioning in three distinct, measurable dimen-
sions: objective mobility, perceived mobility, and participation 

Interventions That Reduce Demand

• Environmental modifi cations

• Assistive devices or personnel

• Modifying frequency or methods of activities

• Psychosocial coping, such as changing ideas 

of what self can accomplish

Predictors of Physical 

Functioning Level

• Presence of cancer or 

other illness

• Type, durat ion, fre-

quency of treatment for 

cancer, or time since 

treatment

• Lifestyle and health be-

haviors (including nutri-

tion, smoking, physical 

activity, and others)

• Age, sex, education, in-

come, access to health 

care

Predictors That 

May Be Mediators

• Symptoms of cancer or other ill-

ness

• Side effects of medications, thera-

pies, and treatments

• Physical fitness (measured by 

maximal or submaximal tests of 

aerobic capacity, muscle strength, 

fl exibility [e.g., V0
2
 max, 12-minute 

walk test])

• Body composition such as obesity, 

sarcopenia, osteoporosis (mea-

sured by BMI, DXA, muscle mass, 

and others) 

Mobility (Objective)

Measured by performance 

tests of physical actions

• Walking

• Gait

• Balance

• Kneeling, bending

• Reaching

• Climbing stairs

• Others

Mobility (Perceived)

Measured by self-re-

port of “difficulty” in 

physical actions

Participation

in Life Activities

Measured by self-

report of “diffi culty” 

in role activities, 

hobbies, work, care-

giving, gardening, 

housework,  and 

other activities de-

pending on age and 

circumstances  

Physical Functioning

Examples of Dimension Measures

Gait: six-meter walk test

Balance: timed stance

Leg strength: chair rise

Leg power: stair climb

SF-36 physical function

PASE

QLQ-C30 (physical func-

tion scale)

LLFDI function scale

SF-36 role scales

SF-36 social function

QLQ-C30 (role and so-

cial scales)

LLFDI disability scale

Interventions That Increase Capacity

• Medications, therapies, and treatments

• Symptom control

• Individual lifestyle and health behavior changes (in-

cluding nutrition, smoking, and physical activity)

BMI—body mass index; DXA—dual-energy x-ray absorptiometry; LLFDI—Late Life Function and Disability Instrument; PASE—Physical Activity Scale for the 

Elderly; QLQ-C30—European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30; SF-36—Medical Outcomes Study Short 

Form-36; VO
2
 max—maximal oxygen consumption

Figure 1. Conceptual Model of Physical Functioning in Cancer Survivors
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in life activities. In people without cancer, studies have shown 
that declines in physical functioning occur sequentially in the 
order they are placed in the authors’ model, although this has 
not yet been tested in cancer survivors. 

In older adults without cancer, early declines in physical 
functioning are measured easily by objective performance 
tests of mobility, such as an eight-meter walk or time to 
complete fi ve chair rise-and-sits. These performance tests 
may show decrements before problems are reported by an 
individual; in earlier studies, they predicted declining ability 
to perform self-care activities, hospitalization, and nursing 
home admission four years later (Fried, Bandeen-Roche, 
Chaves, & Johnson, 2000; Fried & Guralnik, 1997; Gural-
nik et al., 2000; Guralnik, Ferrucci, Simonsick, Salive, & 
Wallace, 1995). Currently, performance tests of objective 
mobility rarely have been measured in studies of cancer sur-
vivors, but including them in future studies would serve three 
purposes: (a) as an early sign of later problems with physical 
functioning, (b) as a precise outcome measure of the effects 
of interventions intended to improve physical fi tness rather 
than using a distal measure such as quality of life, and (c) as 
a mediator to explain how some interventions affect participa-
tion in life activities. 

In the proposed model, the second dimension of physical 
functioning is perceived mobility. Conceptually, by the time 
a person perceives and reports problems with mobility, the 
decrements are more advanced than those shown by perfor-
mance tests of objective mobility. Perceived mobility has been 
measured in studies of cancer survivors, often by the Medical 
Outcomes Study Short-Form 36 (SF-36) physical functioning 
scale (Demark-Wahnefried et al., 2004; Hodgson & Given, 
2004; Kroenke et al., 2004). Perceived mobility is currently 
the most common measure of physical functioning in studies 
of cancer survivors.

The third dimension of physical functioning in the model is 
participation in life activities. Life activities include role and 
social activities, such as caregiving, volunteering, working, 
engaging in hobbies, and shopping. The activities are more 
complex than the basic mobility tasks in the other dimensions, 
requiring interactions in social and physical environments; 
thus, declines in life activities occur later than declines in 
mobility in people without cancer (Guralnik et al., 1995, 
2000; Guralnik, Seeman, Tinetti, Nevitt, & Berkman, 1994; 
Guralnik, Simonsick, et al., 1994). Although no studies have 
yet confirmed this sequence in cancer survivors, mobility 
problems seem likely to cause diffi culty in life activities (for 
example, a problem walking a block because of fatigue caused 
by cancer treatment may cause a person to give up visiting 
with friends). In research studies, the selection of a self-re-
port measure of participation in life activities will depend on 
the age and abilities of the participants. For example, older 
adults might be asked about self-care activities of daily living, 
whereas younger adults could be asked about work, hobbies, 
sports, and household activities.

In some studies, measuring several, or all, dimensions of 
physical functioning could be useful. In the past, measur-
ing only one dimension of physical functioning may have 
caused an intervention effect to be missed. For example, an 
intervention to introduce home modifi cations that measured 
only participation in life activities as the outcome, might miss 
an even stronger effect on perceived mobility (such as ease 
of walking if throw rugs are removed) because it was not 

measured. Similarly, a performance test of objective mobility 
may be a useful adjunct to self-reported measures of physical 
functioning in long-term cancer survivors whose perceptions 
are susceptible to response shift as their internal standards 
change over time (Schwartz & Sprangers, 2000). Although all 
studies will not need measures of all dimensions, the model 
provides guidance on the sequence of physical functioning 
diffi culties demonstrated in populations without cancer and 
thus provides a guide to selecting an outcome measure of 
physical functioning that is appropriate for a given interven-
tion or a specifi c population of cancer survivors.

Interventions That Reduce Demand or Increase 
Capacity Affect Different Concepts in the Model

Lawrence and Jette (1996) suggested that interventions to 
maintain physical functioning work in two different ways: 
Some reduce demand on the body or environment, and some 
increase capacity of the individual for performing physi-
cal functioning tasks and activities. In the proposed model, 
interventions to reduce demand are shown as likely to affect 
perceived mobility and participation in life activities, whereas 
interventions to increase capacity may affect all concepts in 
the model. 

Thinking about how an intervention affects physical func-
tioning, by decreasing demand or increasing individual capac-
ity, may help to clarify which outcome measures are appropri-
ate for a particular study. For example, energy conservation 
interventions to reduce activities that cause fatigue in cancer 
survivors are expected to reduce demand, and appropriate 
outcomes would be perceived mobility or participation in 
life activities. In contrast, interventions to increase capacity 
would be appropriately measured by outcomes in any physi-
cal functioning dimension. In studies of interventions that 
increase capacity, an opportunity exists to test the mediating 
effects of physical fi tness, symptoms, or other predictors if the 
intervention is designed to affect these concepts. 

Exercise Interventions in Breast Cancer 
Survivors as an Example

A number of studies have demonstrated the benefi cial ef-
fects of exercise interventions in reducing symptoms, improv-
ing perceived mobility, and improving quality of life in breast 
cancer survivors. Given this compelling but preliminary body 
of evidence, the authors selected exercise studies in breast 
cancer survivors to demonstrate the ways in which the pro-
posed conceptual model could improve the design, analysis, 
and reporting of future studies. 

Table 1 summarizes experimental and quasi-experimental 
studies that evaluated the effects of exercise or physical activity 
interventions in breast cancer survivors in terms of symptoms, 
physical fi tness, physical functioning, or quality of life. Al-
though quality of life is a global concept that is not included 
in the current model of physical functioning, most conceptu-
alizations of quality of life include some aspect of physical 
functioning. Quality of life often is measured in exercise studies 
in breast cancer survivors. In some studies, it seems to have 
been used instead of a physical functioning outcome, so the 
authors included it in Table 1 to demonstrate the full spectrum 
of outcomes measured in this group of studies. 

The physical functioning column headings shown in Table 
1 represent study outcomes according to the dimensions in the D
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Table 1. Summary of Exercise Studies in Breast Cancer Survivors With Symptoms, Fitness, Physical Functioning, 
or Quality-of-Life Outcomes

Study

Experimental

 Courneya et 

  al., 2003

 MacVicar et  

  al., 1989

 McKenzie & 

  Kalda, 2003

 Mock et al., 

  1994

 Mustian et al., 

  2004

 Neiman et al., 

  1995

 Pinto et al., 

  2003

 Segal et al., 

  2001 

 Winningham 

  & MacVicar, 1988

 Winningham 

  et al., 1989 

Quasi-experimental

 Kolden et al., 

  2002

 MacVicar & 

  Winningham, 

  1986

 Mock et al., 

  1997

 Mock et al., 

  2001

 Mock et al., 

  2005 

Study Description

Protocol

RCT; N = 52; 15 

weeks; aerobic

RCT; N = 45; 10 

weeks; aerobic

RCT; N = 14; 8 

weeks; resistance 

and aerobic 

RCT; N = 14; 4–6 

months; aerobic

RCT; N = 21; 12 

weeks; tai chi 

RCT; N = 12; 8 

weeks; aerobic and 

resistance

RCT; N = 21; 12 

weeks; aerobic 

RCT; N = 99; 26 

weeks; aerobic 

RCT; N = 42; 10 

weeks; aerobic

RCT; N = 24; 10 

weeks; aerobic

One group; N = 40; 

16 weeks; aerobic 

and resistance

Three groups; 

N = 16; 10 weeks; 

aerobic

Nonrandom

groups; N = 46; 6 

weeks; aerobic

Nonrandom

groups; N = 50; 6–

36 weeks; aerobic 

Nonrandom

groups; N = 119; 

6–36 weeks; 

aerobic

Predictors or Mediators

Fitness

aerobic capacityb

(VO
2
max)

% body fat 

 aerobic capacity

(VO
2
 max) 

–

aerobic capacity

(12 MWT)

–

 aerobic capacity

(6 MWT)

 aerobic capacity

(VO
2
 max) 

aerobic capacity

(VO
2
 max) 

–

% body fat

 aerobic capacity 

(VO
2
 max)

 fl exibility

 strength

 % body fat

 aerobic capacity

(VO
2
 max) 

 aerobic capacity

(12 MWT)

 aerobic capacity

(12 MWT)

 aerobic capacity

(12 MWT)

Symptoms

fatigue (FACT-B 

subscale)

–

 vitality (SF-36 

vitality scale) 

symptom inten-

sity (SAS)

–

–

 fatigue (POMS 

subscale)

–

 nausea (SESC)

–

–

 fatigue or inertia 

(POMS subscale)

 symptoms (SAS)

 fatigue (PFS)

 fatigue (PFS, 

SCFS, POMS)

 fatigue (PFS) 

Physical Functioninga

Objective

Mobility

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

Perceived

Mobility

–

–

 physical function-

ing (SF-36 scale)

 physical func-

tioning (Karnofsky) 

–

–

–

physical function-

ing (SF-36 scale)

–

–

–

–

–

physical function-

ing (SF-36 scale)

 physical function-

ing (SF-36 scale)

QOL

 QOL (FACT-B)

–

 QOL (SF-36 gen-

eral health scale)

–

HR-QOL (FACIT-

F total score)

–

–

 HR-QOL (SF-36 

and FACT-B) 

–

–

 well-being; func-

tioning (FACT-B, 

CARES, GAS, LFS)

–

–

 QOL (SF-36 

scales)

–

(Continued on next page)

a Participation in life activities, a component of physical functioning in the model, was not measured in any study.

b Detected mediating effects of symptoms or fi tness on QOL

6 MWT—6-minute walk test; 12 MWT—12-minute walk test; CARES—Cancer Rehabilitation Evaluation System; FACIT-F—Functional Assessment of Chronic 

Illness Therapy–Fatigue; FACT-B—Functional Assessment of Cancer Therapy–Breast; GAS—Global Assessment Scale; HR-QOL—health-related quality of life;  

LFS—Life Functioning Scales; PFS—Piper Fatigue Scale; POMS—Profi le of Mood States; QOL—quality of life; RCT—randomized controlled trial;  SAS—Symptom 

Assessment Scale; SCFS—Schwartz Cancer Fatigue Scale; SESC—Side Effect Symptom Checklist; SF-36—Medical Outcome Study Short Form-36; VAS-F—Visual 

Analogue Scale–Fatigue; VO
2
 max—maximal oxygen consumption

Note. Arrows denote directional change (  = decrease;  = increase;  = no effect) for statistically signifi cant (p < 0.05) between-group or within-group differ-

ences (depending on study design). D
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proposed conceptual model. If a mediator effect was analyzed 
in a study, it is indicated in the column of the mediating vari-
able. In general, this analysis shows that exercise interventions 
improved fi tness, perceived mobility, and quality of life in 
breast cancer survivors, though not all studies measured these 
concepts. In future studies, the utility of research fi ndings for 
clinicians and other researchers could be improved if research-
ers use consistent names for the dimensions of physical func-
tioning, adopt conceptually clear measures for the dimensions, 
and test mediator effects when appropriate. 

Careful Selection, Naming, and Measurement 
of Outcomes

Table 1 indicates that most studies of exercise in breast 
cancer survivors measured perceived mobility as the only 
dimension of physical functioning. Careful selection of the 
appropriate dimension of physical functioning (or more than 
one dimension) could increase researchers’ knowledge about 
the specifi c effects of predictors or interventions. In contrast, 
selection of an inappropriate measure of physical functioning 
may result in missing a relationship that actually exists. For 
example, in Table 1, many studies measured physical fi tness 
(although some studies incorrectly called it physical func-
tioning or functional ability) by aerobic capacity. However, 
no study measured objective mobility using performance 

tests, which would be a logical, closely related outcome of 
improved aerobic capacity. Instead, researchers commonly 
used self-reported measures of perceived mobility, usually 
the SF-36 physical functioning scale. Perceived mobility 
can be affected by more factors, such as response shift or 
reporting bias, and therefore is less likely to be affected 
by an increase in physical fi tness, such as aerobic capacity 
(Mock et al., 1994, 2005; Segal et al., 2001). Performance 
tests of objective mobility are appropriate measures of an 
intervention intended to increase aerobic capacity, muscle 
strength, and other physical fi tness domains. Performance 
tests are quite easy to include in research studies, especially 
when study participants are coming to a site for a structured 
exercise intervention. Short, timed tests, such as walks, chair 
rise-and-sits, and stair climbing, have been developed for 
adults without cancer (Guralnik et al., 2000; Guralnik, See-
man, et al., 1994; Guralnik, Simonsick, et al., 1994). They 
take little time and can be conducted by a trained lay person. 
In some studies, measuring objective mobility might have 
produced a stronger relationship between the exercise inter-
vention and a physical functioning outcome and certainly 
would have been preferable to skipping physical functioning 
dimensions entirely and measuring quality of life, as was 
done in some studies (Kolden et al., 2002; Schwartz, 1999; 
Turner et al., 2004).

Table 1. Summary of Exercise Studies in Breast Cancer Survivors With Symptoms, Fitness, Physical Functioning, 
or Quality-of-Life Outcomes (Continued)

Study

 Schwartz, 1999 

 Schwartz, 2000a

 Schwartz, 2000b 

 Schwartz et al., 

  2001

 Turner et al., 2004 

 Waltman et al., 

  2003

Study Description

Protocol

One group; N = 27; 8 

weeks; aerobic 

One group; N = 27; 8 

weeks; aerobic 

One group; N = 78; 8 

weeks; aerobic

One group; N = 72;

8 weeks; aerobic

One group; N = 10; 8 

weeks; aerobic and 

resistance

One group; N = 21;

12 months; resistance 

plus supplemental 

calcium, vitamin D, 

alendronate

Predictors or Mediators

Fitness

Aerobic capacity used 

to defi ne exercisers

Aerobic capacity defi ned 

exercisers

Weight

 aerobic capacity

(12 MWT)

Aerobic capacity defi ned 

exercisers

aerobic capacity

(VO
2
 max)

 % body fat 

 hip and spine bone 

density

 forearm bone density

 muscle strength 

Symptoms

 side effects or 

symptoms (SESC)

 fatigue (SCFS,

POMS vigor, VAS-F)b

fatigue days 

(VAS-F) 

 side effects or 

symptoms (SESC) or 

fatigue (SCFS)

 fatigue (VAS-F) 

fatigue (PFS)

–

Physical Functioning

Objective

Mobility

–

–

–

–

–

 dynamic bal-

ance (backward 

tandem walk) 

Perceived

Mobility

–

–

–

–

–

–

QOL

QOL (QOL index 

for patients with 

cancer)

–

–

–

QOL (FACT-B) 

–

a Participation in life activities, a component of physical functioning in the model, was not measured in any study.
b Detected mediating effects of symptoms or fi tness on QOL

6 MWT—6-minute walk test; 12 MWT—12-minute walk test; CARES—Cancer Rehabilitation Evaluation System; FACIT-F—Functional Assessment of Chronic 

Illness Therapy–Fatigue; FACT-B—Functional Assessment of Cancer Therapy–Breast; GAS—Global Assessment Scale; HR-QOL—health-related quality of life;  

LFS—Life Functioning Scales; PFS—Piper Fatigue Scale; POMS—Profi le of Mood States; QOL—quality of life; RCT—randomized controlled trial;  SAS—Symptom 

Assessment Scale; SCFS—Schwartz Cancer Fatigue Scale; SESC—Side Effect Symptom Checklist; SF-36—Medical Outcome Study Short Form-36; VAS-F—Visual 

Analogue Scale–Fatigue; VO
2
 max—maximal oxygen consumption

Note. Arrows denote directional change (  = decrease;  = increase;  = no effect) for statistically signifi cant (p < 0.05) between-group or within-group differ-

ences (depending on study design). 
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All studies of exercise in breast cancer survivors failed 
to include a measure of participation in life activities. This 
should be an important outcome for cancer survivors, and 
questions about these activities would be appropriate for every 
study, although the specifi c measure might change depend-
ing on the particular study (e.g., whether middle-aged adults 
return to work, whether older adults engage in activities of 
daily living). Participation in life activities is the dimension 
of physical functioning that is conceptually closest to global 
quality of life. Some researchers argue that a quality-of-life 
scale substitutes for participation in life activities, but qual-
ity of life scales such as the Functional Assessment of Can-
cer–Breast and the full SF-36 include a variety of items about 
symptoms, cognition, physical functioning, social function-
ing, emotional well-being, and more. These dimensions are 
likely to be infl uenced by factors other than exercise, making 
it more diffi cult to establish a statistically signifi cant link 
between exercise and improved quality of life. For exercise 
studies, including at least one measure of physical functioning 
is logical, even if quality of life also is measured.

Several studies shown in Table 1 failed to measure out-
comes beyond physical fi tness. Although exercise improved 
fi tness in cancer survivors, knowing whether physical func-
tioning outcomes changed as well would be helpful. Fitness 
measures are important indicators of the physiological results 
of exercise, but the effects of improved fi tness on mobility or 
participation in life activities is even more important. 

Testing Mediator Effects of Predictors 

In studies with an array of predictor variables, failure to 
consider analysis of mediator effects among those variables is 
a missed opportunity. For example, the results of several stud-
ies in Table 1 showed that exercise affected fi tness, symptoms, 
and physical functioning or quality of life. If mediator effects 
had been tested in those studies, researchers could describe 
the specific mechanism—increase in fitness, reduction in 
symptoms, or both—that explained how exercise produced 
the benefi cial effect on physical functioning or quality of life. 
Understanding these mechanisms could provide information 
beyond simple associations between variables. Two studies in 
Table 1 tested mediator effects. One showed that 15 weeks of 
cycle exercise was suffi cient to increase cardiopulmonary fi t-
ness, which, in turn, improved quality of life in breast cancer 
survivors post-treatment (Courneya, Mackey, et al., 2003). 
The other showed that eight weeks of home-based aerobic ex-
ercise reduced fatigue, which then improved quality of life in 
breast cancer survivors undergoing chemotherapy (Schwartz, 
1999). These two studies are not enough to confi rm whether 
short- or long-term programs of exercise have an equal ef-
fect on quality of life or whether reduction of symptoms or 
increase in physical fi tness is a more important mechanism. 
If more studies test mediator effects in the future, conclusions 
may be drawn that could infl uence the design of future studies 
or clinical programs or help identify which cancer survivors 
are likely to benefi t from exercise.

Discussion

Moving work on exercise interventions in cancer survivor-
ship forward requires increased specifi city in the conceptual-
ization and operationalization of physical functioning as an 
outcome of intervention studies, especially exercise studies. 
The model presented ties together several threads that appear 
in the literature on physical functioning in adults without 
cancer and challenges investigators and clinicians to refi ne 
the model to incorporate concepts germane to the study of 
cancer survivors. 

Exercise studies in breast cancer survivors were used as 
an example in this article because most research on exercise 
interventions in cancer has been in this population (Courneya, 
2003). Examination of those studies shows opportunities to 
increase the understanding of how exercise interventions work 
in cancer survivors. In prior studies, selection of outcome con-
cepts has been inconsistent, with some measuring symptoms 
and quality of life, some measuring symptoms and perceived 
mobility, some measuring symptoms only, and some measur-
ing quality of life only. Physical functioning, when measured 
as an outcome, almost always was measured by perceived 
mobility, whereas including performance tests of objective 
mobility might have yielded a stronger association between 
interventions and improved physical functioning. Overall, 
evidence of benefi ts from exercise in breast cancer survivors is 
piecemeal at best, showing that some symptoms, self-reported 
physical function, and global quality of life improve in some 
studies and not in others.

The proposed conceptual model of physical functioning could 
guide future research in cancer survivors. Although this article 
focused on exercise intervention studies, the model should be 
equally useful in selecting physical functioning outcomes for 
other intervention studies. Interventions that increase capacity 
could be evaluated in all three dimensions of physical func-
tioning to identify the most potent effect. In general, skipping 
physical functioning outcomes altogether and measuring only 
global quality of life produces little useful information because 
so many other factors could affect quality of life.

For exercise studies, use of a common model for outcome 
measurement in terms of physical functioning would aid in 
comparing the results of studies and eventually reaching a 
consensus on the role of exercise in cancer survivorship. Fu-
ture studies that compare different types of the same interven-
tion—for example, resistance versus aerobic exercise—may 
show that dimensions of physical functioning are affected 
differentially. Importantly, working within a conceptual 
framework will help the research community compare the 
results of various studies and develop a precise recommen-
dation that ultimately can be adopted into clinical practice 
guidelines for type, dose, and timing of exercise programs 
for cancer survivors.

Author Contact: Jill A. Bennett, PhD, RN, CNS, can be reached at 
bennett@ohsu.edu, with copy to editor at ONFEditor@ons.org.

References
Baron, R.M., & Kenny, D.A. (1986). The moderator-mediator variable 

distinction in social psychological research: Conceptual, strategic, and 

statistical considerations. Journal of Personality and Social Psychology, 

51, 1173–1182.

Bennett, J.A. (2000). Mediator and moderator variables in nursing research: 

Conceptual and statistical differences. Research in Nursing and Health, 

23, 415–420.

Bennett, J.A., Stewart, A.L., Kayser-Jones, J., & Glaser, D. (2002). The D
ow

nl
oa

de
d 

on
 0

7-
04

-2
02

4.
 S

in
gl

e-
us

er
 li

ce
ns

e 
on

ly
. C

op
yr

ig
ht

 2
02

4 
by

 th
e 

O
nc

ol
og

y 
N

ur
si

ng
 S

oc
ie

ty
. F

or
 p

er
m

is
si

on
 to

 p
os

t o
nl

in
e,

 r
ep

rin
t, 

ad
ap

t, 
or

 r
eu

se
, p

le
as

e 
em

ai
l p

ub
pe

rm
is

si
on

s@
on

s.
or

g.
 O

N
S

 r
es

er
ve

s 
al

l r
ig

ht
s.



ONCOLOGY NURSING FORUM – VOL 33, NO 1, 2006

48

mediating effect of pain and fatigue on level of functioning in older adults. 

Nursing Research, 51, 254–265.

Courneya, K.S. (2003). Exercise in cancer survivors: An overview of research. 

Medicine and Science in Sports and Exercise, 35, 1846–1852.

Courneya, K.S., Friedenreich, C.M., Sela, R.A., Quinney, H.A., Rhodes, 

R.E., & Handman, M. (2003). The group psychotherapy and home-based 

physical exercise (group-hope) trial in cancer survivors: Physical fi tness 

and quality of life outcomes. Psycho-Oncology, 12, 357–374.

Courneya, K.S., Mackey, J.R., Bell, G.J., Jones, L.W., Field, C.J., & Fairey, 

A.S. (2003). Randomized controlled trial of exercise training in post-

menopausal breast cancer survivors: Cardiopulmonary and quality of life 

outcomes. Journal of Clinical Oncology, 21, 1660–1668.

Curt, G.A., Breitbart, W., Cella, D., Groopman, J.E., Horning, S.J., Itri, L.M., 

et al. (2000). Impact of cancer-related fatigue on the lives of patients: New 

fi ndings from the Fatigue Coalition. Oncologist, 5, 353–360.

Demark-Wahnefried, W., Clipp, E.C., Morey, M.C., Pieper, C.F., Sloane, R., 

Snyder, D.C., et al. (2004). Physical function and associations with diet 

and exercise: Results of a cross-sectional survey among elders with breast 

or prostate cancer. International Journal of Behavioral Nutrition and 

Physical Activity, 1, 16. Retrieved November 18, 2005, from http://www

.ijbnpa.org/content/1/1/16

Dodd, M.J., Miaskowski, C., & Paul, S.M. (2001). Symptom clusters and 

their effect on the functional status of patients with cancer. Oncology 

Nursing Forum, 28, 465–470.

Femia, E.E., Zarit, S.H., & Johansson, B. (2001). The disablement pro-

cess in very late life: A study of the oldest-old in Sweden. Journals of 

Gerontology, Series B: Psychological Science and Social Science, 56,

P12–P23.

Flechtner, H., & Bottomley, A. (2003). Fatigue and quality of life: Lessons 

from the real world. Oncologist, 8(Suppl. 1), 5–9.

Fried, L.P., Bandeen-Roche, K., Chaves, P.H., & Johnson, B.A. (2000). 

Preclinical mobility disability predicts incident mobility disability in 

older women. Journals of Gerontology, Series A: Biological Sciences and 

Medical Sciences, 55A, M43–M52.

Fried, L.P., & Guralnik, J.M. (1997). Disability in older adults: Evidence 

regarding signifi cance, etiology, and risk. Journal of the American Geri-

atrics Society, 45, 92–100.

Ganz, P.A., Guadagnoli, E., Landrum, M.B., Lash, T.L., Rakowski, W., & 

Silliman, R.A. (2003). Breast cancer in older women: Quality of life and 

psychosocial adjustment in the 15 months after diagnosis. Journal of 

Clinical Oncology, 21, 4027–4033.

Guralnik, J.M., Ferrucci, L., Pieper, C.F., Leveille, S.G., Markides, K.S., 

Ostir, G.V., et al. (2000). Lower extremity function and subsequent dis-

ability: Consistency across studies, predictive models, and value of gait 

speed alone compared with the short physical performance battery. Jour-

nals of Gerontology, Series A: Biological Sciences and Medical Sciences, 

55, M221–M231.

Guralnik, J.M., Ferrucci, L., Simonsick, E.M., Salive, M.E., & Wallace, R.B. 

(1995). Lower-extremity function in persons over the age of 70 years as 

a predictor of subsequent disability. New England Journal of Medicine, 

332, 556–561.

Guralnik, J.M., Seeman, T.E., Tinetti, M.E., Nevitt, M.C., & Berkman, L.F. 

(1994). Validation and use of performance measures of functioning in a 

non-disabled older population: MacArthur studies of successful aging. 

Aging, 6, 410–419.

Guralnik, J.M., Simonsick, E.M., Ferrucci, L., Glynn, R.J., Berkman, L.F., 

Blazer, D.G., et al. (1994). A short physical performance battery assessing 

lower extremity function: Association with self-reported disability and 

prediction of mortality and nursing home admission. Journal of Gerontol-

ogy, 49, M85–M94.

Hann, D.M., Garovoy, N., Finkelstein, B., Jacobsen, P.B., Azzarello, L.M., 

& Fields, K.K. (1999). Fatigue and quality of life in breast cancer patients 

undergoing autologous stem cell transplantation: A longitudinal compara-

tive study. Journal of Pain and Symptom Management, 17, 311–319.

Hodgson, N.A., & Given, C.W. (2004). Determinants of functional recovery 

in older adults surgically treated for cancer. Cancer Nursing, 27, 10–16.

Holmbeck, G.N. (1997). Toward terminological, conceptual, and statistical 

clarity in the study of mediators and moderators: Examples from the child-

clinical and pediatric psychology literatures. Journal of Consulting and 

Clinical Psychology, 65, 599–610.

Kolden, G.G., Strauman, T.J., Ward, A., Kuta, J., Woods, T.E., Schneider, 

K.L., et al. (2002). A pilot study of group exercise training (GET) for 

women with primary breast cancer: Feasibility and health benefi ts. Psycho-

Oncology, 11, 447–456.

Kriegsman, D.M., Deeg, D.J., & Stalman, W.A. (2004). Comorbidity of somatic 

chronic diseases and decline in physical functioning: The Longitudinal Ag-

ing Study Amsterdam. Journal of Clinical Epidemiology, 57, 55–65.

Kroenke, C.H., Rosner, B., Chen, W.Y., Kawachi, I., Colditz, G.A., & Hol-

mes, M.D. (2004). Functional impact of breast cancer by age at diagnosis. 

Journal of Clinical Epidemiology, 22, 1849–1856.

Lawrence, R.H., & Jette, A.M. (1996). Disentangling the disablement process. 

Journals of Gerontology, Series B: Psychological Science and Social Sci-

ence, 51, S173–S182.

MacKinnon, D.P., & Dwyer, J.H. (1993). Estimating mediated effects in 

prevention studies. Evaluation Review, 17, 144–158.

MacVicar, M.G., & Winningham, M.L. (1986). Promoting the functional 

capacity of cancer patients. Cancer Bulletin, 38, 235–239.

MacVicar, M.G., Winningham, M.L., & Nickel, J.L. (1989). Effects of 

aerobic interval training on cancer patients’ functional capacity. Nursing 

Research, 38, 348–351.

McKenzie, D.C., & Kalda, A.L. (2003). Effect of upper extremity exercise 

on secondary lymphedema in breast cancer patients: a pilot study. Journal 

of Clinical Oncology, 21, 463–466.

Mock, V., Burke, M.B., Sheehan, P., Creaton, E.M., Winningham, M.L., 

McKenney-Tedder, S., et al. (1994). A nursing rehabilitation program for 

women with breast cancer receiving adjuvant chemotherapy. Oncology 

Nursing Forum, 21, 899–907.

Mock, V., Dow, K.H., Meares, C.J., Grimm, P.M., Dienemann, J.A., Hais-

fi eld-Wolfe, M.E., et al. (1997). Effects of exercise on fatigue, physical 

functioning, and emotional distress during radiation therapy for breast 

cancer. Oncology Nursing Forum, 24, 991–1000.

Mock, V., Frangakis, C., Davidson, N.E., Ropka, M.E., Pickett, M., Poni-

atowski, B., et al. (2005). Exercise manages fatigue during breast cancer 

treatment: A randomized controlled trial. Psycho-Oncology, 14, 464–477.

Mock, V., Pickett, M., Ropka, M.E., Lin, E.M., Stewart, K.J., Rhodes, V.A., et 

al. (2001). Fatigue and quality of life outcomes of exercise during cancer 

treatment. Cancer Practice, 9, 119–127.

Mustian, K.M., Katula, J.A., Gill, D.L., Roscoe, J.A., Lang, D., & Murphy, 

K. (2004). Tai Chi Chuan, health-related quality of life and self-esteem: a 

randomized trial with breast cancer survivors. Supportive Care in Cancer, 

12, 871–876.

Nagi, S.Z. (1976). An epidemiology of disability among adults in the 

United States. Milbank Memorial Fund Quarterly. Health and Society, 

54, 439–467.

Nagi, S.Z. (1991). Disability concepts revisited: Implications for prevention. 

In A.M. Pope & A.R. Tarlov (Eds.), Disability in America: Toward a na-

tional agenda for prevention (pp. 100–113). Washington, DC: National 

Academy Press.

Nail, L.M. (2001). Long-term persistence of symptoms. Seminars in Oncol-

ogy Nursing, 17, 249–254.

Nail, L.M. (2002). Fatigue in patients with cancer. Oncology Nursing Forum, 

29, 537–544.

National Cancer Institute Offi ce of Cancer Survivorship. (2005). About sur-

vivorship research: Survivorship defi nitions. Retrieved January 19, 2005, 

from http://dccps.nci.nih.gov/ocs/defi nitions.html

Nieman, D.C., Cook, V.D., Henson, D.A., Suttles, J., Rejeski, W.J., Ribisl, 

P. M., et al. (1995). Moderate exercise training and natural killer cell cy-

totoxic activity in breast cancer patients. International Journal of Sports 

Medicine, 16, 334–337.

Nomori, H., Watanabe, K., Ohtsuka, T., Naruke, T., & Suemasu, K. (2004). 

Six-minute walking and pulmonary function test outcomes during the 

early period after lung cancer surgery with special reference to patients 

with chronic obstructive pulmonary disease. Japanese Journal of Thoracic 

and Cardiovascular Surgery, 52, 113–119.

Pinto, B.M., Clark, M.M., Maruyama, N.C., & Feder, S.I. (2003). Psycho-

logical and fi tness changes associated with exercise participation among D
ow

nl
oa

de
d 

on
 0

7-
04

-2
02

4.
 S

in
gl

e-
us

er
 li

ce
ns

e 
on

ly
. C

op
yr

ig
ht

 2
02

4 
by

 th
e 

O
nc

ol
og

y 
N

ur
si

ng
 S

oc
ie

ty
. F

or
 p

er
m

is
si

on
 to

 p
os

t o
nl

in
e,

 r
ep

rin
t, 

ad
ap

t, 
or

 r
eu

se
, p

le
as

e 
em

ai
l p

ub
pe

rm
is

si
on

s@
on

s.
or

g.
 O

N
S

 r
es

er
ve

s 
al

l r
ig

ht
s.



ONCOLOGY NURSING FORUM – VOL 33, NO 1, 2006

49

women with breast cancer. Psycho-Oncology, 12, 118–126.

Rejeski, W.J., Ettinger, W.H., Jr., Martin, K., & Morgan, T. (1998). Treating 

disability in knee osteoarthritis with exercise therapy: A central role for 

self-effi cacy and pain. Arthritis Care and Research, 11, 94–101.

Schwartz, A.L. (1999). Fatigue mediates the effects of exercise on quality of 

life. Quality of Life Research, 8, 529–538.

Schwartz, A. L. (2000a). Daily fatigue patterns and effect of exercise in 

women with breast cancer. Cancer Practice, 8, 16–24.

Schwartz, A.L. (2000b). Exercise and weight gain in breast cancer patients 

receiving chemotherapy. Cancer Practice, 8, 231–237

Schwartz, A.L., Mori, M., Gao, R., Nail, L.M., & King, M.E. (2001). Exercise 

reduces daily fatigue in women with breast cancer receiving chemotherapy. 

Medicine and Science in Sports and Exercise, 33, 718–723.

Schwartz, A.L., Nail, L.M., Chen, S., Meek, P., Barsevick, A.M., King, M.E., 

et al. (2000). Fatigue patterns observed in patients receiving chemotherapy 

and radiotherapy. Cancer Investigation, 18, 11–19.

Schwartz, C.E., & Sprangers, M.A.G. (2000). Adaptation to changing health: 

Response shift in quality-of-life research. Washington, DC: American 

Psychological Association.

Segal, R., Evans, W., Johnson, D., Smith, J., Colletta, S., Gayton, J., et al. 

(2001). Structured exercise improves physical functioning in women with 

stages I and II breast cancer: Results of a randomized controlled trial. 

Journal of Clinical Oncology, 19, 657–665.

Stewart, A.L. (2003). Conceptual challenges in linking physical activity 

and disability research. American Journal of Preventive Medicine, 25(3,

Suppl. 2), 137–140.

Stone, P., Richardson, A., Ream, E., Smith, A.G., Kerr, D.J., & Kearney, N. 

(2000). Cancer-related fatigue: Inevitable, unimportant and untreatable? 

Results of a multi-centre patient survey. Cancer Fatigue Forum. Annals of 

Oncology, 11, 971–975.

Syrjala, K.L., Langer, S.L., Abrams, J.R., Storer, B., Sanders, J.E., Flowers, 

M.E., et al. (2004). Recovery and long-term function after hematopoietic 

cell transplantation for leukemia or lymphoma. JAMA, 291, 2335–2343.

Turner, J., Hayes, S., & Reul-Hirche, H. (2004). Improving the physical status 

and quality of life of women treated for breast cancer: A pilot study of a struc-

tured exercise intervention. Journal of Surgical Oncology, 86, 141–146.

Verbrugge, L.M., & Jette, A.M. (1994). The disablement process. Social 

Science and Medicine, 38, 1–14.

Visser, M.R., & Smets, E.M. (1998). Fatigue, depression and quality of life 

in cancer patients: How are they related? Supportive Care in Cancer, 6,

101–108.

Waltman, N.L., Twiss, J.J., Ott, C.D., Gross, G.J., Lindsey, A.M., Moore, 

T.E., et al. (2003). Testing an intervention for preventing osteoporosis in 

postmenopausal breast cancer survivors. Journal of Nursing Scholarship, 

35, 333–338.

Winningham, M.L., & MacVicar, M.G. (1988). The effect of aerobic exercise 

on patient reports of nausea. Oncology Nursing Forum, 15, 447–450.

Winningham, M.L., MacVicar, M.G., Bondoc, M., Anderson, J.I., & Minton, 

J.P. (1989). Effect of aerobic exercise on body weight and composition in 

patients with breast cancer on adjuvant chemotherapy. Oncology Nursing 

Forum, 16, 683–689.

Young-McCaughan, S., Mays, M.Z., Arzola, S.M., Yoder, L.H., Dramiga, 

S.A., Leclerc, K.M., et al. (2003). Research and commentary: Change in 

exercise tolerance, activity and sleep patterns, and quality of life in patients 

with cancer participating in a structured exercise program. Oncology Nurs-

ing Forum, 30, 441–454.

D
ow

nl
oa

de
d 

on
 0

7-
04

-2
02

4.
 S

in
gl

e-
us

er
 li

ce
ns

e 
on

ly
. C

op
yr

ig
ht

 2
02

4 
by

 th
e 

O
nc

ol
og

y 
N

ur
si

ng
 S

oc
ie

ty
. F

or
 p

er
m

is
si

on
 to

 p
os

t o
nl

in
e,

 r
ep

rin
t, 

ad
ap

t, 
or

 r
eu

se
, p

le
as

e 
em

ai
l p

ub
pe

rm
is

si
on

s@
on

s.
or

g.
 O

N
S

 r
es

er
ve

s 
al

l r
ig

ht
s.


