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ABSTRACT

Background: Decision making regarding cancer treatment is challenging and there is a need for clin-
ical parameters that can guide these decisions. As physical performance appears to be a reflection of
health status, the aim of this systematic review is to assess whether physical performance tests (PPTs)
are predictive of the clinical outcome and treatment tolerance in cancer patients.

Methods: A literature search was conducted on 2 April 2015 in the electronic databases Medline and
Embase to identify studies focusing on the association between objectively measured PPTs and out-
come. No limitations in language or publication dates were applied.

Results: The search retrieved 9680 articles, 16 publications were included involving 4187 patients with
various cancer types and different treatments. Reported median or mean age varied from 58 to 78
years. Nine studies used the Timed Up & Go (TUG) test, five the Short Physical Performance Battery
(SPPB) and five studies focused on gait speed. Poorer TUG, SPPB and gait speed outcome were associ-
ated with decreased survival. TUG, SPPB and gait speed were also associated with treatment-related
complications. Furthermore, two studies reported an association between poorer TUG and SPPB out-
come with higher rates of functional decline.

Conclusion: PPTs appear to show a significant correlation with survival and these tests could be used
as a prognostic tool, particular for older adult patients. A less explicit correlation for treatment-related
complications and functional decline was also found. To optimize decision making, future research
should focus on developing and validating individualized treatment algorithms that incorporate PPTs
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in addition to cancer- and treatment-related variables.

The incidence of cancer has been rising and is expected to
continue to increase even further due to higher life expect-
ancy, aging of the population and active early cancer detec-
tion programs [1-7]. Over 45% of newly diagnosed cancer
patients are currently older than 70 years of age [8]. Treating
vulnerable cancer patients can result in different outcomes
compared to their healthy counterparts. The decision-making
process is challenging and there is a need for clinical param-
eters that can guide treatment decisions.

Cancer treatment can result in a decrease in both phys-
ical- and role functioning with reported rates of over 60% in
post-treatment survivors aged 80 years or older [9]. Post-
treatment morbidity is often increased in the older adults
and is associated with higher long-term mortality rates [10].

Currently, multidisciplinary decision making regarding
oncologic treatment - such as chemotherapy - for patients
with cancer are often based on clinical impressions and
chronological age [11]. However, various geriatric conditions
appear to be of some value in predicting outcome in older
adult patients with cancer [12]. One instrument that is often
suggested as useful for obtaining a thorough overview of
patients’ health by determining the functional, cognitive and

psychosocial status in addition to comorbidity, medication
use and nutritional status, is the geriatric assessment [13,14].
However, its time-consuming nature renders it difficult to
implement in daily practice.

Less elaborate than a full assessment, physical perform-
ance appears to be another method for assessing health sta-
tus, but it is unclear whether it is useful in predicting
oncologic treatment outcome. The aim of this systematic
review is to assess whether physical performance tests (PPTs)
are of predictive value for clinical outcome and treatment
tolerance in cancer patients undergoing oncologic therapy
by using all relevant evidence.

Methods
Search strategy and selection criteria

A search was performed on 2 April 2015 in the electronic
databases Medline and Embase using the following search
terms and their synonyms: ‘physical performance’ and
‘cancer’. The details of the search can be found in Appendix
1 (available online at http://www.informahealthcare.com). No
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limitations in language or publication dates were applied,
but the search was limited to studies in adults.

The titles and abstracts of all studies retrieved by the
search were assessed by one investigator (NV) to determine
which were eligible for further investigation. For this review,
a physical performance measure was defined as an objective
mobility test which is associated with physical functioning
and that can be performed as a quick bedside screening.
Tests addressing measurement of muscle-strength or endur-
ance capacity were not included.

In addition, studies were excluded if they did not assess a
physical performance measure, or a relevant outcome meas-
ure, if they included non-cancer patients, or consisted of
abstracts containing insufficient data.

All  potentially relevant articles were subsequently
screened as full text by two authors (NV and AS). In case
only an abstract was available, we attempted to find a final
report of the study by searching Embase and Medline using
the names of first, second and/or final authors as well as key-
words from the title. In case of insufficient data in the ori-
ginal publication, authors were contacted wherever possible
to retrieve additional data. Finally, citations of included publi-
cations were cross-referenced to retrieve any additional rele-
vant studies.

Data extraction and quality assessment

Two reviewers (NV and AS) independently judged the
study design and results for each eligible study. Items that
were extracted were study setting and design, study popu-
lation [number of patients, me(di)an age, sex, type of can-
cer and treatment], PPTs used and the reported results on
the association between the PPTs and the different out-
come measures.

The methodological quality of each of the studies was
independently assessed by two reviewers (NV and AS), using

All studies
Medline
Embase

n=9680
n=4745
n=4935
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the Newcastle-Ottawa Scale [15] adapted to this subject
(Appendix 2a, available online at http://www.informahealth-
care.com). Inter-reviewer disagreement was discussed during
a consensus meeting and in case of persisting disagreement,
the assistance of a third reviewer (MH) was enlisted.

Data synthesis and analysis

As a result of heterogeneity in study designs, diversity of
patient populations and the wide variety in content of the
PPTs and the interpretation of the results with various out-
come measures, a formal meta-analysis was considered
unfeasible. We summarized the study results to describe our
main outcomes of interest. Studies performing multivariable
analyses were screened for known potential confounders
such as age, sex, tumor type, stage and performance status.

Results
Search outcome

The literature search identified 9680 citations (4745 from
Medline and 4935 from Embase), of which 2805 were dupli-
cates and 6859 publications were excluded for other reasons
(Figure 1). Finally, 16 publications from 15 studies [16-31],
involving 4187 patients, were included in the analysis. Cross-
referencing yielded no additional results.

Study characteristics

An overview of the 16 included papers can be found in Table
1. Seven reported on a heterogeneous sample of patients
with various cancer types who received various therapies
[22-26,28,31]. Four studies focused on patients with hemato-
logical malignancies receiving chemotherapy or hematopoi-
etic cell transplantation [20,21,27,29]. Two papers addressed
gynecological cancer receiving various treatment types

Duplicates n=2805

Exclusion n=6859

n=264
n=2434
n=4069
n=26
n=61

Not original research

Not cancer patients

No physical performance measure

Insufficient data in abstract

No relevant outcome measures

Physical performance consisting of
endurance only n=4

Physical performance consisting of
several types of physical tests n=1

Inclusion 16 studies

| P | Cross referencing yielded no additional studies

Figure 1. Search results and study selection.
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Table 1. Baseline characteristics.

Outcome measures

Cutoff

Test
TUG
SPPB; Gait speed

Treatment

Type of cancer

Male
77%

Me(di)an age
74 (70-87)
73.6 (+/-6.5)
73.5 (+/-6.2)
67 (+/—1.3)

Text N

Year

Overall survival: time until death or last follow-up

Complications: adverse drug reactions

Unclear
12 points; 1.2 m/s

Chemotherapy
Chemotherapy

Lung
Gynecological

81
155
200

76

1

F
F
F
F

2011

Biesma et al. [16]

0%
0%
55%

2011

Cerullo et al. [17]*

Overall survival: 12 months of follow-up

12 points; unclear

Various SPPB; Gait speed

Surgery

Gynecological

2013

Cesari et al. [18]*

Dale [19]

Complications: Clavien-Dindo >3; Functional decline:

10 points; unclear

SPPB; Gait speed

Pancreatic

2014

discharge to rehabilitation facility
Overall survival: time until death or last follow-up or

20 seconds

TUG

Various

71 (60-87) 68% Hematological

07

1

2013 F

[20]

Deschler et al.

until HCT transplantation
Overall survival: 1-year mortality

12 seconds
20 seconds
20 seconds

TUG
TUG
TUG

Chemotherapy

78.2 (67.1-98.9) 53% Hematological

108
1130

F

A
F

2014

Hamaker et al. [21]

Overall survival: mortality after 5-7 months

Unknown
Chemotherapy

44% Solid tumors

763 (+/— 4.7)

2009
2013

Honecker et al. [22]

Functional decline: decrease in ADL between the begin-

77.4 (70-93) 59% Various

292

Hoppe et al. [23]

ning of chemotherapy and second cycle

-Dindo >3

survival: median follow-up 3.8 years; Functional

survival: time until death or last follow-up
ine: 2-year progression to disability”

survival: time until death or last follow-up

survival; Complications: Clavien

cations: grade 3-5 toxicity

survival: median follow-up 36 months

cations: chemotherapy tolerance
survival: 6-month mortality

Overa
Comp
Overa
Overa
Overa

20 seconds
10 seconds
Unclear
9 points
1.0 m/s

TUG
TUG
TUG
SPPB
20m gait speed

Surgery
Chemotherapy
Unknown
Chemotherapy
Unknown

Solid tumors
Various
Various

Hematological
Various

35%

44%
61%

54%
64%

76 (70-96)
73 (65-91)
77 (70-94)

70 (+/— 6.2)
77.2 (+/-33)

280
405
247
74
429

2014 F
2011 F
2011 F
2013 F
2010 F

24]
[26]

Hurria et al. [25
Kanesvaran et al.
Klepin et al. [27
Klepin et al. [28

Huisman et al.

Overal

Gait speed Unclear

HCT
Chemotherapy
Chemotherapy

64% Hematological

58 (50-73)
72 (65-89)
77.5 (70-99.4)

203

F

A
F

2014

Muffly et al. [29]

Compl
Overal

Unclear
20 seconds

SPPB
TUG

A: abstract; ADL: activities of daily living; F: full-text; HCT: hematopoietic cell transplantation; SPPB: short physical performance battery; TUG: timed up and go.

Colorectal
*Cerullo and Cesari share the same patient population although they report different outcome measures.

63%

2012

Ramsdale et al. [30]

Various

60%

2012 262

Soubeyran et al. [31]

#Disability was defined as requiring a cane or walker for ambulation, self-reported inability to walk one-quarter of a mile or climb 10 steps, or requiring assistance with an activity of daily living (transfer, dressing or

bathing).

Table 2. Overview of the physical performance tests.

TUG This test observes the time a patient needs to rise from
an armed chair, to walk 3 meters, turn and walk back
to the same chair and sit down again [46]
SPPB This test includes an assessment of standing balance, a
short walk and repeated chair stands [47]
Speed calculated using a particular distance and time in
seconds

Gait speed

SPPB: short physical performance battery; TUG: timed up and go.

[17,18]. One study included patients with pancreatic tumors
undergoing pancreaticoduodenectomy [19], another reported
on colorectal cancer patients receiving chemotherapy [30],
and finally one analysis included patients with non-small cell
lung carcinoma (NSCLC) undergoing chemotherapy [16].

The median number of patients was 202 (range 38-1130)
with a reported median or mean age varying from 58 to 78
years.

A total of 13 papers (81%) used one PPT [16,20-31], the
other papers (19%) analyzed two tests [17-19]. The Timed
Up and Go (TUG) test was used in nine articles [16,20-26,31].
The Short Physical Performance Battery (SPPB) was used in
five papers [17-19,27,30]. Gait speed was used in five papers
of which four measured 4-m (15 feet) walking time
[17-19,29] and one measured 20-m walking time [28]. Details
on the methodology of these PPTs can be found in Table 2.

Eleven papers reported the association between physical
performance and survival [16,18,20-22,24,26-29,31]. The asso-
ciation between physical performance and complications
(including chemotherapy toxicity) was addressed in five papers
[17,19,24,25,30]; three addressed functional decline [19,23,28].

Quality assessment

The results of the quality assessment can be found in Figure
2; overall, the quality was good. Most studies used represen-
tative populations and provided a clear description of the
methods used in assessing physical performance in addition
to clear outcome definitions and with sufficient follow-up
percentages. For the studies performing multivariable ana-
lysis, 89% corrected for known prognostic variables such as
age, sex, tumor type, stage and performance status
(Appendix 3 available online at http://www.informahealth-
care.com). However, two publications consisted of conference
abstracts containing only limited data.

Physical performance associations

Survival
Each of the physical performance measures was strongly
associated with survival: 8 of 11 articles (73%) reported an
association in univariate analysis (Table 3)
[16,18,22,26-29,31]. Six reports performed a multivariable
analysis, all of which reported a significant association
between performance tests and survival [18,21,27-29,31],
although in one study this applied only to patients with
metastatic disease [28].

Five of seven (71%) studies found an univariate associ-
ation between a prolonged TUG time and survival



[16,21,22,26,31]. Of these five, one report found the associ-
ation to be solely significant after correcting for potential
confounders in the multivariable analysis [21]. Another study
reported a significant association between TUG time and sur-
vival in both the univariate and multivariable analysis [31].
Quantitative estimates of the associations (odds ratios/hazard
ratios) can be found in Appendix 4 (available online at http://
www.informahealthcare.com).

Complications

Four of the five reports (80%) addressing treatment-related
complications found an univariate association with physical
performance (Table 3) [17,24,25,30]. Of these, two out of two
studies reported this association for the TUG test [24,25] with
one multivariable analysis [24]; the SPPB test was associated
in two out of three reports [17,30] within the univariate ana-
lysis and finally one out of two reports found gait speed to

= Low risk of bias
High risk of bias
Unclear or intermediate risk of
bias

Representativeness

Exposure

Baseline assessment

Outcome assessment
Adequate duration of follow-up ‘
Completeness of follow-up | ‘ 1 1

0% 20% 40% 60% 80% 100%

Figure 2. Quality assessment. Quality was assessed using a six-item list, details
of which can be found in Appendix 2a. Full quality assessment for individual
studies is depicted in Appendix 2b.

Table 3. Associations between physical performance and outcomes.
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be significantly associated with treatment-related complica-
tions [17] within univariate analysis.

Functional decline

There was a significant association in univariate analysis
between physical performance and further functional
decline due to treatment in three (Table 3) [19,23,28]. Of
these, one reported the association merely in a non-meta-
static subgroup performing the gait speed test [28].
Another study reported an association in the performed
SPPB test but did not find it for the gait speed test [19].
The TUG test was studied in one report and it was found
to be significantly associated with functional decline in the
univariate analysis [23], but not after correcting for poten-
tial confounders.

Comparison of physical performance measures

Three studies [17-19] compared two different physical per-
formance measures with each other: gait speed and the SPPB
test. One study [17] reported an univariate association
between both worse gait speed and SPPB with complica-
tions, another study [18] reported univariate and multivari-
able associations between both tests and survival. The final
study [19] did not find an association between gait speed or
the SPPB test with complications, but they reported an asso-
ciation within the univariate analysis between worse SPPB
outcome and higher rates of functional decline.

Discussion

This review provides an overview of all currently available
evidence on the prognostic value of physical performance
measures in cancer patients. In the 16 included publications,
physical performance appears to be correlated with several

Functional
Survival Complications decline
Cutoff
Type of cancer Treatment Test Cutoff Univ Multiv Univ Multiv Univ Multiv
Biesma et al. [16] Lung Chemotherapy TUG Unclear +
Deschler et al. [20] Hematological Various TUG 20 seconds -
Hamaker et al. [21] Hematological Chemotherapy TUG 12 seconds - +
Honecker et al. [22] Solid tumors Unknown TUG 20 seconds +
Hoppe et al. [23] Various Chemotherapy TUG 20 seconds + -
Huisman et al. [24] Solid tumors Surgery TUG 20 seconds - + +
Hurria et al. [25] Various Chemotherapy TUG 10 seconds +
Kanesvaran et al. [26] Various Unknown TUG Unclear +
Soubeyran et al. [31] Various Chemotherapy TUG 20 seconds + +
Cerullo et al. [17] Gynecological Chemotherapy SPPB 12 points +
Cesari et al. [18] Gynecological Various SPPB 12 points + +
Dale et al. [19] Pancreatic Surgery SPPB 10 points - +
Klepin (2013) et al. [27] Hematological Chemotherapy SPPB 9 points + +
Ramsdale et al. [30] Colorectal Chemotherapy SPPB Unclear +
Cerullo et al. [17] Gynecological Chemotherapy Gait 1.2 m/s +
Cesari et al. [18] Gynecological Various Gait Unclear + +
Dale et al. [19] Pancreatic Surgery Gait Unclear - -
Klepin et al. [28] Various Unknown Gait 1.0 m/s
Metastatic + + - -
Non-metastatic + -
Muffly et al. [29] Hematological HCT Gait Unclear + +

Gait: gait speed; HCT: hematopoietic cell transplantation; Multiv: multivariable analysis; SPPB: short physical performance battery; TUG: timed up and go; Univ:

univariate analysis.
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outcome measures, particularly survival. Potentially, these
tests could therefore be used as a stratification tool in onco-
logic decision making for, in particular, older patients with
cancer.

It is the older adults that suffer most frequently from
malignancies, and treatment decisions in these patients can
be challenging due to co-existing health issues and func-
tional or cognitive decline. Therefore, developing treatment
algorithms for these vulnerable patients might be beneficial.
These algorithms could be able to identify patients in which
the risk of cancer-related complications and mortality is
exceeded by the risk of treatment-related complications and
mortality or death due to concurrent conditions. Given the
heterogeneity within the older adult population, age itself is
not a useful selection tool for oncologic treatment [32] and
thus patients should be managed according their individual
health status. This can be objectified with current scoring sys-
tems such as the ASA-score for surgical patients [33], the
Karnofsky Performance Status score [34] and Eastern
Cooperative Oncology Group performance status score [35].
However, these scores alone appear to be insufficient
for older adult cancer patients, as they do not seem
to adequately differentiate within this heterogeneous popula-
tion [36]. Recent research has focused on using geriatric
assessments to provide a more comprehensive overview of
an older patients’ overall health status across multiple
domains such as physical, psychosocial and functional status
[37,38]. Although these assessments yield a wealth of infor-
mation, their time-consuming nature has hindered a wide-
spread incorporation into daily clinical practice.

Various physical performance measures could present an
interesting alternative, as it appears to be a reflection of
health status and poor test scores are prognostic for health
events [39]. In fact, physical performance could be considered
as a summary indicator of vitality because it integrates known
and unrecognized disturbances in multiple organ systems
such as heart, lungs, circulatory and musculoskeletal systems
[40]. In line with our findings, a pooled analysis of nine cohort
studies conducted in community dwelling older adults con-
firmed that physical performance was associated with survival
[40]. Another study concluded that a walking speed of slower
than 1.36 m/s is associated with poorer overall health status in
older community dwelling men and formed a risk factor for
mortality [41]. In addition, poor physical performance may
result in a vicious cycle of reduced physical activity and
deconditioning that has a direct effect on health and survival
[40,42]. Furthermore, poor performance prior to treatment
also increases the likelihood that a greater part of the survival
period will be spent in disabled states [43], which may be a
factor to incorporate in treatment decision making.

However, the lack of homogeneity in the studies included
in our review and in the study outcomes means that cautious
interpretation of the results is warranted. For example, it is
too early to assign or withhold a particular cancer treatment
based solely on a patient’s PPT score. In future, we believe
that more research on the predictive value of physical per-
formance measures should be conducted. Tests which are
not only associated with mobility but (also) include other
measures of physical performance such as ‘the physical

performance test’ [44,45], grip strength test and endurance
capacity test, could be of predictive value and should be
more investigated in future as well. Developing and validat-
ing treatment algorithms that incorporate these instruments,
in addition to currently available data regarding the malig-
nancy and treatment, could be used as a stratification tool in
decision making in the older cancer patient.

This review has several limitations. First, the included stud-
ies were heterogeneous in their patient populations and
treatments in addition to the included PPTs and the inter-
pretation of those tests. Across studies, different cutoff values
were used for the same instruments. In addition, studies had
different follow-up times for survival (ranging from months
to several years) and the definitions used for complications
(i.e. postoperative morbidity and chemotoxicity) and func-
tional decline differed. As a result, data could not be com-
bined in a formal meta-analysis. Second, most studies only
provided univariate results. Therefore, we were unable to
establish whether the associations that were found were
maintained after correction for possible confounders. Finally,
we were unable to definitively exclude a publication bias.
However, we believe this risk is limited as most studies did
not exclusively focus on physical performance and published
negative results for some of the other investigated items.
Despite these limitations, this review demonstrates that a
relatively simple test might provide highly relevant informa-
tion regarding the risk of mortality, treatment-related compli-
cations and functional decline.

Conclusion

This review demonstrates that PPTs appear to show a signifi-
cant correlation with survival and these tests could be used
as a prognostic tool, particularly for older adult patients.
A less explicit correlation for treatment-related complications
and functional decline was also found. To optimize decision
making for the rapidly growing, heterogeneous group of
older cancer patients, future research should focus on devel-
oping and validating individualized treatment algorithms that
incorporate PPTs in addition to cancer- and treatment-related
variables.
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