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ABSTRACT

STRASSER, B., K. STEINDORF, J. WISKEMANN, and C. M. ULRICH. Impact of Resistance Training in Cancer Survivors: A Meta-

Analysis.Med. Sci. Sports Exerc., Vol. 45, No. 11, pp. 2080–2090, 2013. Purpose: Current evidence suggests many health benefits from

physical activity during and after cancer treatment. However, the optimal exercise program for cancer survivors has not yet been

established. The purpose of this meta-analysis was to summarize evidence for the efficacy of resistance training (RT) interventions to

improve muscle strength and body composition among adult cancer survivors. We also investigate potential dose–response relationships

between intensity, duration, and frequency of RT and assessed outcomes. Methods: A systematic literature review of the Clinical Trial

Register, Cochrane Trial Register, MEDLINE, and EMBASE literature databases was undertaken. Studies were included if they were

randomized controlled trials (RCT) comparing RT with an exercise or nonexercise control group in cancer survivors during and after

treatment. Thirteen articles from 11 RCT met our inclusion criteria. We performed a random-effects meta-analysis to determine weighted

mean differences (WMD) with 95% confidence intervals using the Cochrane Review Manager 5.0.25. A random-effects metaregression

model was performed to examine dose–response relationships between RT variables and assessed outcomes. Results: Quantitative evi-

dence shows a large effect of RT on lower-limb and upper-limb muscle strength (WMD: +14.57 kg, P = 0.0005 and +6.90 kg, P G 0.00001,

respectively) and moderate effects on lean body mass and percentage of body fat (WMD: +1.07 kg, P G 0.0001 andj2.08%, P = 0.003,

respectively). A small positive effect of RT was noted on Functional Assessment of Cancer Therapy–Fatigue (P = 0.05). Upper-limb

muscle strength and percentage of body fat improved to a greater extent when RT interventions were of low to moderate intensity

(e75% one-repetition maximum, P = 0.042). Conclusions: RT was shown to be associated with clinically important positive effects on

muscular function and body composition in patients during treatment or in long-term follow-up. Key Words: CANCER, EXERCISE,

STRENGTH TRAINING, MUSCLE FUNCTION, QUALITY OF LIFE, SYSTEMATIC REVIEW

C
ancer is the second leading cause of death in the
United States, with breast and prostate cancer being
the most frequently diagnosed cancers for women

and men, respectively, (66). There are numerous side effects
to cancer treatment, which often include muscle wasting or
atrophy, reduced physical functioning, unfavorable changes
in body composition, and depression and fatigue (17). A
decrease in physical activity levels associated with other side
effects, such as loss of appetite, can intensify muscular
wasting and consequently loss of overall body strength,
leading patients to experience a negative spiraling effect that
further exacerbates the sense of fatigue. This loss of mus-
cular strength together with a reduction in aerobic fitness
makes it difficult to perform simple daily activities, signifi-
cantly compromising the quality of life in cancer patients
(37) as well as contributing to increased rates of mortality
(27,28). Recent systematic reviews have shown that resis-
tance training (RT) has the power to combat many of the
side effects of cancer treatment and, thus, can be of signifi-
cant benefit to patients in the short and long term (10,15,16).
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Benefits include improved muscle strength and physical
functioning (73) and reduced fatigue (56), all potentially
leading to improved quality of life (40). However, this has
so far only been investigated for very few cancer types.

Normal aging is associated with a decline in muscle mass
between 5% and 10% each decade after age 50 yr, averaging
approximately 0.4 kg of lean weight loss per year after the
fifth decade of life (33). Although weight loss occurs in
roughly half of cancer patients, in cachexia, the weight loss
represents a marked loss of predominantly skeletal muscle
(58). In cachectic patients, a loss of 25% of body weight
represents an approximately 75% reduction in skeletal muscle
protein. Approximately 20% of cancer deaths are attributed
to cachexia (65).

Numerous studies have demonstrated that relatively brief
sessions of regular RT can increase muscle mass in adults of
all ages through the 10th decade of life (71). Effects of RT
are more pronounced if exercises are muscle site specific,
high intensity, and when combined with calcium and vitamin
D intake (8,31). Furthermore, RT can provide functional
benefits and improvements in overall health and well-being,
including increased bone mineral density (BMD) (38), im-
proved physical performance (25,71), and cardiovascular
health (63). Therefore, RT may have beneficial effects in can-
cer patients in terms of reducing muscle wasting or regaining
lost muscle mass as well as improving muscle function and
a diversity of biomarkers. In turn, this may lead to reduced
fatigue levels and an overall enhancement in mental health.

The current systematic review was undertaken 1) to per-
form a meta-analysis of randomized controlled trials (RCT)
regarding the effect of RT on muscle function, body com-
position, and fatigue both during and after cancer treatment
and (2) to investigate the potential for a dose–response re-
lationship between intensity, duration, and frequency of RT
and assessed outcomes.

METHODS

Literature search. A systematic literature review of the
Clinical Trial Register, Cochrane Trial Register, MEDLINE,
and EMBASE literature databases was undertaken to iden-
tify relevant studies from earliest record to December 2012.
The following key words were used alone, or in various com-
binations, within the systematic search: cancer, RT, muscle
function, muscle strength, body mass, and fatigue. Reference
lists from original and review articles were also reviewed to
identify additional relevant studies. Only eligible full texts in
English were considered for review.

Inclusion and exclusion criteria. All RCT comparing
RT with an exercise or nonexercise control group in adult
patients with cancer were examined. Participants may have
been actively receiving treatment or be in long-term follow-up.
Exclusion criteria for this review included the following: (i)
studies with single-bout RT interventions; (ii) studies where
the intervention was less than 6 wk in duration; (iii) pilot

studies; (iv) studies with mere recommendations as inter-
vention, without further detail; (v) studies where the RT
was not either directly supervised or well documented; (vi)
studies with a clinical cointervention in the experimental
group that was not also applied to the control group; and
(vii) studies with concomitant aerobic endurance training
performed for more than 12 min per training session in the
experimental group that was not also applied to the con-
trol group. Two researchers (B.S. and K.S.) independently
performed the literature search, quality assessment, and data
extraction. The third author (J.W.) provided additional re-
view and insight. Any disagreements on inclusion of trials
were resolved by discussion with the fourth author (C.U.).

The review comprises studies with both male and female
adults. RCT with detailed RT prescriptions (relating to type,
dose, intensity, frequency, and duration of RT) were included
in the review. An inclusion criterion was the evaluation and
report of the specific effects of RT on muscle strength and/or
body composition. Included studies compared RT with no
exercise, a usual care group (i.e., no specific exercise program
prescribed), or an alternative treatment or exercise regime.
Concentric and eccentric RT was considered for inclusion. On
the basis of these criteria, 11 studies (13 publications) were
included for review (2,5,12,35,49–51,54–57,73,74).

Assessed outcomes. The primary outcomes of our
systematic review were lower-limb and upper-limb muscle
strength measured in kilograms. Secondary outcomes in-
cluded lean body mass (kg), fat mass (kg), percentage of
body fat (%) determined by dual energy x-ray absorptiom-
etry scan (DEXA), aerobic capacity measured in peak oxy-
gen uptake (V̇O2max, mLIkgj1Iminj1), or assessed by the
12-min walk test (m). Fatigue was evaluated in this set of
studies and assessed by the Functional Assessment of Can-
cer Therapy–Fatigue (FACT-Fatigue) scale (points) (75).

Data extraction. A standardized data extraction form
was developed to extract data from each study in the following
areas: study population, intervention, and outcome. The form
included the following items: 1) general information, includ-
ing title, authors, source, setting, and year of publication; 2)
trial characteristics, including study design and randomiza-
tion; 3) characteristics of participants, such as inclusion cri-
teria, exclusion criteria, total number in intervention/control
groups, sex distribution, mean age, diagnostic criteria, other
baseline characteristics, and dropouts; 4) intervention type,
dose, intensity, and frequency as well as duration of the trial;
5) outcomes specified in the methods; and 6) results. For
continuous variables, we extracted sample size as well as
baseline and postintervention means with SD for the inter-
vention and control groups. There were no dichotomous out-
comes. Study characteristics were reported in evidence tables.

Quality assessment. The methodological qualities of
RCT included in this review were assessed according to
JADAD score (30). This 5-point quality scale includes points
for randomization (described as randomized, 1 point; table
of random numbers or computer-generated randomization,
additional 1 point), double blinding (described as double
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blind, 1 point; use of making such as identical placebo, ad-
ditional 1 point), and follow-up (the numbers and reasons
for withdrawal in each group are stated, 1 point) within the
report of an RCT. An additional point was accepted if the
analysis was by intention to treat. Final scores between
0 and 2 were considered as low quality, whereas final scores
of 3 or more were regarded to represent studies of high
quality because the blinding of patients performing the ex-
ercise is not possible.

Statistical analysis. All data were analyzed with the
software package Review Manager 5.0.25 from the Cochrane
Collaboration. Heterogeneity between trial results was tested
with a standard chi-square test (W2). The I2 parameter was
used to quantify any inconsistency (I2 = [(Q j df ) / Q] �
100%, where Q is the chi-square statistic and df is its de-
grees of freedom). A value for I2 greater than 50% has been
considered to be substantial heterogeneity (26). For each
outcome of interest, a meta-analysis was performed to de-
termine the pooled effect of the intervention in terms of
weighted mean differences (WMD) between the postinter-
vention values of the intervention and control groups. To
consider heterogeneity, the random-effects model was used
to estimate WMD with 95% confidence intervals (CI). For-
est plots were generated to illustrate the study-specific effect
sizes along with a 95% CI. Funnel plots were used to assess
potential publication bias. To determine the presence of
publication bias, we assessed the symmetry of the funnel
plots in which mean differences were plotted against their
corresponding SE. A random-effects meta-regression was
performed to examine the association between duration,
frequency, mean intensity (percentage of the one-repetition
maximum [1RM]), and volume (sets per muscle group per
week at the end of the intervention program) of RT exercises
with changes in effect size. The P values for differences in
effects between RT variables were obtained using STATA
11.0 (StataCorp, College Station, TX). Two-sided P values
G0.05 were considered statistically significant. All presented
CI refer to coverage of 95%.

RESULTS

Included Studies

After the selection of a total number of 259 full-text arti-
cles, 23 publications were considered potentially relevant.
The application of all desired inclusion criteria resulted in
a final inclusion of 11 RCT reported in 13 publications
(2,5,12,35,49–51,54–57,73,74). A flow diagram of search
and selection is shown in Figure 1 (see Figure, Supplemental
Digital Content 1, http://links.lww.com/MSS/A277, which
illustrates the selection process of eligible randomized con-
trolled studies). The predominant reasons for exclusion were
as follows: (a) the study had no control group (24,41), (b)
studies did not report muscle strength or body composition
as an outcome measure (11,34,40,48,69,76), or (c) multiple
publication of studies (4,60). Two studies resulted in two
publications each (2, 49 and 73, 74, respectively) but re-
ported different strength outcomes and were thus included,
although they were considered only as one trial. The char-
acteristics of studies that were included, and detailed de-
scriptions of the exact RT regimes are presented in Table 1.

Participants

The total number of participants included in the analysis
of the 11 RCT was 1167 (74% women and 26% men) with
502 participating in an RT intervention, 491 control partici-
pants, and a further 174 participants participating in an aero-
bic endurance training intervention. The latter participants
were not included for data extraction and meta-analysis.
Seven studies (reported in nine publications) included only
patients with breast cancer (2,5,12,49–51,54,73,74), two in-
cluded only patients with prostate cancer (56,57), one in-
cluded only patients with head and neck cancer (35), and
the one remaining included patients with different types of
cancer (55). Cancer treatments received by participants in-
cluded various combinations of surgery, radiotherapy, che-
motherapy, and androgen-deprivation therapy. Six of the

FIGURE 1—Forest plot showing the results of a meta-analysis as pooled WMD with 95% CI in upper-limb muscle strength (kg) for the nine included
randomized controlled RT trials. For each RT trial, the shaded square represents the point estimate of the intervention effect. The horizontal line joins
the lower and upper limits of the 95% CI of this effect. The area of the shaded square reflects the relative weight of the trial in the meta-analysis. The
diamond at the bottom of the graph represents the pooled WMD with the 95% CI for the nine trial groups. Studies included Ahmed et al. (2),
Courneya et al. (12), McNeely et al. (35), Schmitz et al. (50,51), Schwartz et al. (54,55), Segal et al. (57), and Winters-Stone et al. (73).
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studies investigated participants during cancer treatment
(5,12,54–57), and in five studies (seven papers), the par-
ticipants were considered to have completed cancer treat-
ment (2,35,49–51,73,74).

The mean age of participants ranged from 47 yr (55) to
68 yr (56). Eight studies (reported in ten publications) re-
cruited only women (2,5,12,49–51,54,55,73,74), two re-
cruited only men (56,57), and one study recruited both (35).

Interventions

The duration of interventions ranged from 12 wk in two
studies (35,56), 4–6 months in four studies (five papers)
(2,5,49,54,57), and 1 yr in four studies (five papers)
(50,51,55,73,74). One intervention was delivered through-
out chemotherapy and had a mean duration of 17 T 4 wk
(12). Most interventions involved two (2,5,35,49–51) or
three (12,56,57,73,74) training sessions per week, with RT
occurring on nonconsecutive days. Two studies involved
four sessions per week (54,55). The percentage of the 1RM or
10- to 15-repetition maximum (10–15RM) were scales used
to define the intensity of RT. One set consisted of 10–15RM
without interruption, until severe fatigue occurred and com-
pletion of further repetitions was impossible. The training
load was systematically adapted to keep the maximum pos-
sible repetition per set between 10 and 15; 10–15RM is
equivalent to 70%–80% 1RM for most exercises (72). The
mean intensity of the interventions ranged from 50% 1RM (5)
to 80% 1RM (73,74). The maximum number of sets for each
muscle group per week (S/MG/W) at the end of the inter-
vention program ranged from 4 S/MG/W (35) to 12 S/MG/W
(55). The most common dose of RT at the end of the inter-
vention was 6 S/MG/W. RT on a weight machine was most
commonly used for progressive RT. In most studies, the RT
program consisted of exercises for all major muscle groups.
Exercises to strengthen the upper body included bench press
(pectoralis), chest cross (horizontal flexion of the shoulder
joint), shoulder press (trapezius), pulldowns (latissimus dorsi),
bicep curls, tricep extensions, and exercises for abdominal
muscles (sit-ups). Lower body exercises included leg press
(quadriceps femoris). Two studies performed RT using
elastic bands (54,55), and one study combined with plyo-
metric jumps (73,74).

Pooled Outcomes

Lower-limb and upper-limb muscle strength was used as
the principal outcome measure in this systematic review.
Ten of 11 studies measured muscle strength, involving a
total of 958 participants (2,5,12,35,50,51,54,55,57,73). Of
these, 391 received the RT intervention. Of 11 studies,
8 reported results for percentage of body fat (5,12,49–
51,55,57,74), 5 for fat mass (12,49–51,74), and 6 for lean
body mass (5,12,49–51,74). Peak oxygen uptake (V̇O2max)
and results for the 12-min walk test were reported in two
studies each (12, 57 and 54, 55, respectively). Four of the
studies provided data on FACT-Fatigue (12,37,58,59).

Figure 1 shows the results from each study group for
upper-limb muscle strength, and Figure 2 shows the results
for FACT-Fatigue change (WMD point estimate and 95%
CI) in response to RT (graphically displayed as a forest
plot). Table 2 summarizes the pooled results for all consid-
ered intervention effects. The meta-analysis demonstrated
that the pooled effect of RT on lower-limb and upper-limb
muscle strength was a significant weighted mean increase of
14.57 kg (95% CI = 6.34–22.80 kg, P = 0.0005) and 6.90 kg
(95% CI = 4.78–9.03 kg, P G 0.00001), respectively. There
were no significant differences between the RT group and
the control group in V̇O2max (WMD: 0.97 mLIkgj1Iminj1,
95% CI = j0.53 to 2.47 mLIkgj1Iminj1, P = 0.20), al-
though the improvement in the 12-min walk test with RT
was statistically significant (WMD: 143.7 m, 95% CI =
70.5–216.8 m, P = 0.0001). The percentage of body fat was
reduced by 2.08%, which is statistically significant (95%
CI =j3.46 toj0.70%, P = 0.003). There were no significant
differences between the RT group and the control group in
body fat mass (WMD:j0.83 kg, 95% CI =j1.87 to 0.21 kg,
P = 0.12). The change in lean body mass with RT was sta-
tistically significant (WMD: 1.07 kg, 95% CI = 0.76–1.37 kg,
P G 0.00001). This meta-analysis showed a significant im-
provement in FACT-Fatigue with RT (WMD: 1.86 points,
95% CI = j0.03 to 3.75 points, P = 0.05). We performed
sensitivity analysis of pooled data in patients who had com-
pleted treatment for cancer in contrast to subjects during
cancer treatment. RT resulted in a superior improvement in
lower-limb muscle strength in the cancer survivor group
(WMD: 18.24 kg, 95% CI = 7.16–29.32 kg, P = 0.001)
compared with the during-treatment group (WMD: 9.38 kg,

FIGURE 2—Forest plot showing the results of a meta-analysis as pooled WMD with 95% CI in FACT-Fatigue (points) for the four included
randomized controlled RT studies. For each RT trial, the shaded square represents the point estimate of the intervention effect. The horizontal line
joins the lower and upper limits of the 95% CI of this effect. The area of the shaded square reflects the relative weight of the study in the meta-analysis.
The diamond at the bottom of the graph represents the pooled WMD with the 95% CI for the four study groups. Studies included Courneya et al. (12),
McNeely et al. (35), and Segal et al. (56,57).
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95% CI = 4.22–14.54 kg, P = 0.0004). Otherwise, the per-
centage of body fat was reduced by a statistically significant
4.0% (95% CI = j5.51 to j2.50%, P G 0.00001) during
treatment compared with 0.87% (95% CI =j2.18 to 0.48%,
P = 0.19) after treatment. Aerobic capacity, body fat mass,
lean body mass, and fatigue were not affected by the cancer
treatments received by participants.

Additional Outcomes

BMD. Two studies assessed BMD as an outcome (54,74).
In one study, women in the RT group preserved BMD at the
lumbar spine at 52 wk compared with controls (74), whereas
another study showed a significant better preservation of
BMD with weight-bearing aerobic endurance training com-
pared with RT and usual care at 24 wk (54).

Tumor-specific outcomes. Three studies that inves-
tigated the effects of RT on limb swelling and lymphedema
onset in breast cancer survivors reported either no increase
in incidence of breast cancer-related lymphedema (2,50) or
a decreased incidence of exacerbations of lymphedema (51).
Both studies that recruited participants with prostate cancer
reported no significant differences between the RT group and
the control group in terms of testosterone levels (56,57). One
study aimed to evaluate the effects of RT on shoulder pain
and dysfunction in people with head and neck cancer and
reported beneficial effect on shoulder function (35).

Quality of life. Four studies assessed quality of life
(QOL) as an outcome (12,35,56,57). Two studies demon-
strated a significantly beneficial effect of RT on QOL
compared with usual care (56,57). Two other studies re-
ported trends for improved QOL in the RT group compared
with the control group (12,35).

Study Quality

All selected trials were described as randomized. No trials
reported significant differences in participant characteristics
at the outset of the intervention (baseline). The median score
for quality was 4, ranging from 3 to 5 (see Table, Supple-
mental Digital Content 2, http://links.lww.com/MSS/A278,
which illustrates methodological quality of included RT
trials). Four RCT (five publications) met all the quality

criteria (35, 56, 57, 73, 74). The second methodological
assessment criterion (blinding of the intervention) was not
assessed as a quality criterion because blinding was not
possible in this context. However, an additional point was
given if the blinding of the study assessors was reported.
The blinding of the outcome assessors was fulfilled in seven
RCT (nine publications) (2, 35, 49–51, 56, 57, 73, 74). A
review of the third methodological criteria demonstrated that
drop-outs were reported in all studies. Drop-outs in the in-
tervention group ranged from 0% in one study (5), 5%–10%
in six studies (seven publications) (2,12,35,49,51,54,56),
11%–20% in three studies (50,55,57), to 30% in one study
(reported in two publications) (73,74). Compliance with
exercise, on the other hand, was between 60% and 80% in
six studies (seven papers) (12,50,54–56,73,74), 90% in three
studies (four papers) (2,49,51,57), and more than 90% in
two trials (5,35).

TABLE 2. Pooled estimates of effect size (95% CI) expressed as WMD for the effect of RT on muscle strength, aerobic capacity, body composition, and fatigue in cancer patients.

Outcomes No. Studies Sample Size WMD 95% CI P Heterogeneity I2 (%)

Muscle strength
Upper limb (kg) 9 752 6.90 4.78 to 9.03 G0.00001 79
Lower limb (kg) 9 719 14.57 6.34 to 22.80 0.0005 91

Aerobic capacity
V̇O2max (mLIkgj1Iminj1) 2 231 0.97 j0.53 to 2.47 0.20 0
12-MWT (m) 2 111 143.65 70.46 to 216.83 0.0001 0

Body composition
Body fat (%) 8 713 j2.08 j3.46 to j0.70 0.003 74
Body fat mass (kg) 5 545 j0.83 j1.87 to 0.21 0.12 12
Lean body mass (kg) 6 565 1.07 0.76 to 1.37 G0.00001 0

Fatigue
FACT (points) 4 437 1.86 j0.03 to 3.75 0.05 0

FACT, Functional Assessment of Cancer Therapy; V̇O2max, peak oxygen uptake; 12-MWT, 12-min walk test.

FIGURE 3—Bubble plot showing the dose–response relationship be-
tween the mean intensity (percentage of the 1RM) of RT intervention
and effect size changes for upper limb muscle strength (kg) for the nine
included randomized controlled RT trials (P = 0.042). For one single
continuous variable, the fitted regression line together with circles
representing the estimates from each trial, sized according to precision
of each estimate in the fitted random-effects metaregression. Studies
included Ahmed et al. (2), Courneya et al. (12), McNeely et al. (35),
Schmitz et al. (50,51), Schwartz et al. (54,55), Segal et al. (57), and
Winters-Stone et al. (73).
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Heterogeneity and Dose–Response Relationship

We found heterogeneity across trials concerning some
outcomes, that is, upper limb muscle strength (I2 = 79%),
lower-limb muscle-strength (I2 = 91%), and percentage of
body fat (I2 = 74%) (Table 2).

Metaregression revealed no statistically significant dose–
response relationship between volume of RT at the end of
the intervention program and effect size changes. The main
factor that explained part of the heterogeneity was for one
outcome duration and intensity of RT with a significant
negative impact on upper limb muscle strength (decline in
values) with increasing intensity (P = 0.042). We noted
a significant positive impact on percentage of body fat
(smaller effect size) with increasing intensity of RT (P =
0.02). Figures 3 and 4 show the dose–response relationship
between intensity of RT and changes in effect size for upper
limb muscle strength and percentage of body fat, respec-
tively (graphically displayed as a bubble plot).

DISCUSSION

This meta-analysis was designed to investigate the effects
of progressive RT on muscle strength and body composition
in adult cancer patients. RT interventions resulted in a sta-
tistically significant improvement in muscle strength com-
pared with controls. The increase of 14.6 kg for lower limb
muscle strength (nine trials) and 6.9 kg for upper limb
muscle strength (nine trials) was achieved during periods
between 12 wk and 1 yr and compares well with reported
improvements achieved in healthy elderly (61). The clinical
significance of muscle strength for healthy adult and cancer
survivors can be gauged by evaluating cross-sectional and

longitudinal studies examining direct measurement of mus-
cle strength in association with morbidity (3,29) and mor-
tality (39,46). The Health, Aging, Body Composition Study
study showed mortality to be associated with both lower
limb and upper limb muscle strength, and this association
remained significant even after adjustment for lean body
mass (39). For quadriceps strength (per SD of 3.8 kg), the
crude hazard ratio for men was 1.51 (95% CI = 1.128–1.79)
and 1.65 (95% CI = 1.19–2.30) for women (29). Further-
more, the Aerobic Center Longitudinal Study noted that
slightly higher levels of muscular strength (10.7 kg for leg
press and 7.7 kg for bench press) were associated with 35%
reduced cancer mortality in men, independent of body fat
and cardiorespiratory fitness (46). Thus, the significant gain
in muscle strength achieved in our review may increase life
expectancy in cancer patients considerably. Although we
found no significant differences between the RT group and
the control group in V̇O2max (two trials), the improvement in
the 12-min walk test with RT was statistically significant in
two trials by Schwartz et al. (54,55). This may be in part due
to an increase in muscle oxidative capacity and/or anaerobic
muscle metabolism with RT (23,32).

In addition to the increase in muscle strength, RT also
resulted in a significant overall increase in lean body mass
by 1.07 kg (six trials) compared with controls. This is in
accordance with a recent meta-analysis by Peterson et al.
(43) reporting a weighted pooled estimate of mean lean body
mass change by 1.1 kg (95% CI = 0.9–1.2 kg) with RT
(mean duration: 20.5 T 9.1 wk) in healthy aging adults.
Thus, RT twice a week increases muscle mass by 1–2 kg per
6 months and could prevent age-associated loss of muscle
mass in both healthy adults (38) and patients with chronic
disease (62). In our meta-analysis, an RT intervention re-
sulted in a significant lowering of percentage of body fat by
2.08% (eight trials) compared with the controls, but there
was no significant difference between groups in body fat
mass (j0.83 kg). The observed between-group effect sizes
in body fat are similar to the effect sizes observed with
aerobic training in adult patients after completion of main
cancer treatment (j0.8%, j1.5 kg) (22). This result is not
unimportant because already small reductions in body fat
mass (1.5 kg) are associated with reductions in plasma lipid
peroxidation (68). Oxidative stress may be related to cancer
prognosis and is closely associated with mitochondrial dys-
function, cytokine dysregulation, and disruptions in muscle
metabolism, and all of them have been postulated as mech-
anistic underpinnings of cancer-related fatigue (47). RT in-
creases muscle protein synthesis (45), improves cytokine
response (44), and diminishes atrophy (21). Furthermore,
reduced body fat may also impact cancer prognosis as there
is some evidence for a positive association between body fat
and increased cancer-related mortality or recurrence (67).

On the basis of this meta-analysis, an RT intervention
resulted in a significant reduction in FACT-Fatigue (four
trials) compared with controls. The pooled results of the four
studies examining the effect of RT on symptoms of fatigue

FIGURE 4—Bubble plot showing the dose–response relationship be-
tween the mean intensity (percentage of the 1RM) of RT intervention
and effect size changes for percentage of body fat (%) for the eight
included randomized controlled RT trials (P = 0.02). For one single
continuous variable, the fitted regression line together with circles
representing the estimates from each study, sized according to precision
of each estimate in the fitted random-effects metaregression. Studies
included Battaglini et al. (5), Courneya et al. (12), Schmitz et al. (49–51),
Schwartz et al. (55), Segal et al. (57), and Winters-Stone et al. (74).
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showed a small effect; however, statistically significant im-
provements in symptoms of fatigue were reported in only
two studies (56,57). One study used the Schwartz cancer
fatigue scale and noted no improvements in fatigue with RT
(73). The observed 1.9-point improvement in FACT-Fatigue
with RT was lower than the 3.0-point threshold for minimal
clinically important differences (9). Only four meta-analyses
have concluded that physical activity had significant ef-
fects on reducing fatigue in cancer survivors (6,13,14,59).
They reported at least small effects of physical activity.
Cramp and Daniel (13) identified in their recent systematic
review significant benefits of aerobic endurance training on
cancer-related fatigue but RT failed to reach significance.
Interestingly, Brown et al. (6) reported that RT had a pos-
itive, quadratic, and exercise intensity dose–response effect
on cancer-related fatigue. Exercise reduced fatigue especially
in programs that involved RT exercise among adult cancer
survivors and that were of moderate to high intensity (60%–
80% 1RM) (6). Thus, the intensity of exercise could play an
important role in its effects. Fong et al. (22) reported signifi-
cantly larger effects of aerobic plus RT than aerobic training
alone on cancer-related fatigue that might indicate a potential
benefit of higher intensity. In one study by Segal et al. (57),
improvements in fatigue were associated with improve-
ments in upper-body strength, but not hemoglobin. This
suggests that RT may improve fatigue by improving neu-
romuscular efficiency and reducing muscular fatigue.

How much RT is needed? Considering the benefits
of RT on muscle function, body composition, and cancer-
related fatigue, an important question is, how much RT
(duration, intensity, and volume) is needed to confer such
benefits? On the basis of this analysis, metaregression re-
vealed no statistically significant dose–response relationship
between the volume of RT and the effect size changes in
assessed outcomes. For example, improvements in muscle
strength were observed after low volume (4 S/MG/W) (35),
moderate volume (6 S/MG/W) (12,57), and high volume
(10 S/MG/W) (55) of RT. This is in accordance with data
from a recent meta-analysis investigating the effectiveness
of RT for strength improvement among adults Q50 yr (42).
However, we observed a significant negative impact on
upper limb muscle strength with increasing intensity of RT
intervention and a tendency toward a negative impact on
upper limb muscle strength with increasing study duration.
A possible reason might be a diminished increase in cross-
sectional area per day with increasing length of the train-
ing period (70). Muscle size shows significant changes after
8–12 wk of regular RT (1). This adaptation appears to pro-
ceed in a linear manner during the first 6 months of training
(36). It is intuitive that the growth of skeletal muscle must
slow or plateau eventually, and at some point, further RT
would provide no additional benefit or treatment effect. On
the basis of current data, it appears that to facilitate pro-
gressive adaptation in muscle mass and strength, it is nec-
essary to increase the prescription dosage as individuals
become more familiarized with training (42). On the basis

of our meta-analysis, prescription dosage (sets per muscle
group per week) did not progressively increase over time in
most studies. The only ‘‘progression’’ in training prescrip-
tion was that of the absolute training load. It is therefore
conceivable that the lack of increase in dosage may be the
reason behind the negative impact on upper limb muscle
strength with increasing study duration.

We observed a significant negative impact on upper limb
muscle strength with increasing intensity. Metaregression re-
vealed that low/moderate-intensity RT (e75% 1RM) was
associated with greater improvement than moderate/high-
intensity RT (975% 1RM). These data beg the question, how
low can the RT intensity be and still produce a physiological
adaptation and functional benefit? A recent study in healthy
young adults showed that low-load high-volume leg RT to
failure (30% 1RM) was more effective at increasing muscle
protein synthesis than high-load low-volume RT to failure
(90% 1RM) (7). Thus, RT-induced muscle protein synthesis
may not necessarily be intensity dependent but may instead
be determined by exercise volume. This would be impor-
tant news for cancer patients who may be unable to sustain
lifting weights at a relative high intensity due to sarcopenic
comorbidities, such as connective tissue complications.

Although our metaregression suggests that moderate-
intensity RT may be more effective than high-intensity for
body fat loss, it is important to remember that the scientific
evidence suggest only a modest effect of RT on body fatness
and this may be influenced by whether the resistance exer-
cise is accompanied by a concurrent reduction in energy
intake (19). RT without energy restriction does not show
clinically significant decreases in body weight; however,
data show that RT may be an effective alternative to improve
body composition in the short-term and long-term (1–2 kg
loss of body fat with 1–2 kg increase in lean body mass) (18).

On the basis of our review, an RT intervention resulted
in a significant improvement in FACT-Fatigue in studies
reporting muscle strength or body composition as primary
outcome measure. However, there was no evidence for as-
sociations between total exercise volume or mean intensity
and beneficial effects on cancer-related fatigue. Although
a recent meta-analysis conducted by Brown et al. demon-
strated the superiority of higher intensity RT for fatigue re-
duction (6), no study has examined RT interventions greater
than 80%1RM. It remains unknown whether more vigorous-
intensity RT would provide greater or lesser reductions in
cancer-related fatigue. For the current analysis, it is con-
ceivable that the limited number of study groups and the
overall lack of substantial variability in training regimens
across intervention trials may have limited our analyses.
Thus, further research is required to determine the optimal
type and intensity of an exercise intervention on fatigue.

Strengths and limitations. Our study has several
strengths. To our knowledge, this is the first systematic re-
view to assess the association between dose of RT with
changes in muscle strength, body composition, and fatigue
both during and after cancer treatment. We included only
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published RCT in our meta-analysis. This is important be-
cause nonrandomized studies can overestimate treatment ef-
fects by 30%–41% (53). We used the random-effects model
to estimate WMD with 95% CI to consider heterogeneity.
We excluded studies with a cointervention and where the RT
was not either directly supervised or well documented.

Limitations of the present review include the limited
number of studies and the heterogeneity in study design.
Heterogeneity may be explained by the range of different
RT intervention used (and protocols used) across studies
(64). Intervention differences included duration, frequency,
intensity, and dose of exercise; diversity in the initial
strength; and clinical status of participating individuals.
The studies included had a broad array of populations: men
and/or women; adults of any age; cancer survivors of any
tumor type, tumor stage, and type of cancer treatment; and
participants during treatment (radiotherapy, chemotherapy,
and androgen deprivation therapy) or in long-term follow-up.
Further, although the studies are expected to have internal
validity, there may be limited generalizability because of dif-
ferences between study participants and all cancer patients.
Some studies did not provide information on the quality of
the intervention such as randomization method, allocation
concealment, and blinding of the study assignments to the
persons performing the outcome measurements. However,
the median quality score of 4 reflects high methodological
quality of included trials.

Inspection of funnel plots suggests that publication
bias cannot be excluded (see Figures, Supplemental
Digital Content 3, http://links.lww.com/MSS/A279 and 4,
http://links.lww.com/MSS/A280, which illustrate funnel plots
showing study precision against the WMD effect estimate
with 95% CI for lower- and upper-limb muscle strength, re-
spectively). It appears that smaller studies with null results
and larger SE may have been not published. The risk of pub-
lication bias might have been further increased by searching
only three electronic databases and not contacting other ex-
perts for possible inclusion of more relevant studies as well
as limiting this review to English-language publications.

CONCLUSIONS

The optimal exercise program for adult cancer survivors
has not yet been established. Current exercise guidelines for
cancer survivors emphasize the importance of participat-
ing in aerobic exercise, complemented with resistance and
flexibility exercises and often make no or minimal mention
of RT (20,52). Although some recent reviews (10,15,16)
analyzed the effectiveness of RT in cancer survivors and
suggested some positive effects of RT programs on muscle
function and quality of life, this is the first investigation of

the pooled effects of RT using meta-analysis. Because the
dose–response relationship of RT for cancer patients has not
yet been clarified, we lack clear recommendations for opti-
mal RT. Findings from this meta-analysis support whole
body RT as an appropriate training modality 1) to increase
muscle strength in cancer patients and 2) to improve body
composition in the short and long-term. However, whole-
body RT is essential for correcting muscular deficiencies
seen in the cancer patients, the use of weights for upper body
RT is strongly recommended to improve pain, disability, and
range of shoulder movements in patients treated for breast or
head and neck cancer. Overall, chronic RT is well tolerated
in adult cancer patients. None of the included studies
reported significant adverse effects. Only one patient with
head and neck cancer experienced increased pain as a result
of soft-tissue injury to the scapular region due to RT (35).
The optimal frequency for RT appears to be 2 dIwkj1. The
intensity of RT could play an important role in its effects.
Our analysis suggests that low- to moderate-intensity RT
(e75%1RM) be performed to fatigue may promote equiva-
lent gains in lean body mass and strength as moderate to
high-intensity RT. Furthermore, there is now good evidence
that low- to moderate-intensity RT is equally or even more
effective at lowering percentage of body fat than is high-
intensity RT. The intensity should be such that fatigue
results after 12–17 repetitions, corresponding to 60%–70%
1RM (72). A minimum of two sets per muscle group per
week should be performed at the beginning of the program
and be increased progressively to a maximum of six sets per
muscle group per week. On the basis of this analysis of
dose–response evidence, there is little to suggest that a
greater number of RT sets will yield greater improvements
in muscle function, body composition, and fatigue in can-
cer survivors.

In conclusion, on the basis of our review of 11 RCT
in adult cancer patients, RT was associated with clinically
important positive effects on muscular function and body
composition in patients during treatment or in long-term
follow-up without causing significant adverse events. These
benefits were observed among patients with breast cancer,
prostate cancer, and head and neck cancer. Additional RCT
among patients with other cancer types such as gynecolog-
ical, colorectal, gastric, and lung cancer are needed to further
assess the efficacy of RT on health-related outcomes. The
implications of these results on cancer recurrence or survival
may become more evident with physical activity interven-
tion trials of longer duration among cancer survivors.
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