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Abstract

Purpose Muscle atrophy and strength decline are two of the
most prominent characteristics in cancer patients undergoing
cancer therapy, leading to decreased functional ability and
reduced quality of life. Therefore, the aim is to systematically
review research evidence of the effects of resistance exercise
(RE) on lower-limb muscular strength, lean body mass
(LBM), and body fat (BF) in cancer patients undertaking neo-
adjuvant or adjuvant therapy.

Methods This research was conducted using the following
online database: Clinical Trial Register, Cochrane Trial
Register, PubMed, SPORT Discus, and SciELO, from
September 2014 until May 2015. We used the following key-
words in various combinations with a systematic search:
“Cancer therapy,” “Wasting muscle,” “Muscle loss,”
“Muscle function,” “Neoadjuvant therapy,” “Adjuvant thera-
py,” “Resistance Training,” “Weight training,” and
“Exercise.” After selection of 272 full-text articles, 14 publi-
cations were included in this meta-analysis.
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Results Resistance exercise (RE) during neoadjuvant or adju-
vant therapy increased lower-limb muscular strength (mean:
26.22 kg, 95% CI [16.01, 36.43], heterogeneity: P = <0.01,
P =76%, P=0.00001) when compared to controls over time.
Similarly, lean body mass (LBM) increased (mean 0.8 kg,
95% CI [0.7, 0.9], heterogeneity: P = 0.99, I* = 0%,
P < 0.00001), and decreased body fat (BF) (mean: —1.3 kg,
95% CI [—1.5, 1.1], heterogeneity: P = 0.93, I’ = 0%,
P < 0.00001) compared to controls over time.

Conclusion RE is effective to increase lower-limb muscular
strength, increase LBM, and decrease BF in cancer patients
undergoing neoadjuvant and adjuvant therapy regardless of
the kind of treatment.

Implications for cancer survivors RE increases muscle
strength, maintains LBM, and reduces BF in cancer patients
undergoing adjuvant and neoadjuvant therapies. Cancer pa-
tients and survivors should consider undertaking RE as an
effective countermeasure for treatment-related adverse effects
to the musculoskeletal system.

Keywords Cancer treatment - Body fat - Skeletal muscle -
Resistance exercise

Introduction

Cancer is an abnormal proliferation of cells caused by external
factors, such as alcohol, tobacco, infectious agents, physical
inactivity, excessive consumption of unhealthy food, and by
internal factors, such as inherent genetic mutations, hormonal
disorders, and abnormal immune conditions [1]. According to
the American Cancer Society, from 2009 to present day over
1,685,210 new cases of cancer were diagnosed, and about
595,690 are expected to die of cancer in 2016, reflecting more
than one person every minute [2]. Breast cancer is the most
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common type of cancer diagnosed in women worldwide, and
it is estimated that around 249,260 new cases were diagnosed
since 2009, accounting for 40,890 cancer-related deaths. In
males, prostate cancer is most prevalent, with 180,890 new
cases diagnosed in the same time period, accounting for
26,120 deaths [1, 3].

Cancer cachexia is a metabolic syndrome, characterized by
involuntary progressive muscle wasting, which may or not
result in the loss of adipose tissue in a short period of time
(around 6 months), that cannot be reverted by conventional
nutrition therapy [4, 5]. This clinical scenario leads to dimin-
ished quality of life in the patient and thus a poor prognosis
[6]. About 50% of cancer patients are affected with the ca-
chexia syndrome, and about 80% of patients with pancreatic
cancer present severe cachexia [6, 7]. Cancer treatments differ
according to stages of the disease with neoadjuvant therapy
used to reduce tumor size and improve surgical interventions.
On the other hand, adjuvant therapy is commonly used to
prevent the recurrence of cancer following primary surgery
or radiotherapy [8]. Among different treatments available
(e.g. radiotherapy, chemotherapy, immunotherapy, and hor-
mone therapy), the same intervention per se can be used in
the adjuvant or neoadjuvant setting according to the treatment
purpose [9—12]. These types of treatment worsen the catabolic
state already present in cancer patients, leading to negative
protein balance and thus abnormal metabolism [4].
Furthermore, muscle wasting and reduced muscle strength
are two of the most prominent characteristics in cancer pa-
tients undergoing early-stage chemotherapy, leading to de-
creased functional capacity that may impact quality of life
and survival [13].

For a range of well-established theoretical and empirically
proven reasons, resistance exercise (RE) is strongly recom-
mended to prevent muscle wasting and improve strength in
chronic diseases, including cancer [14]. RE is known to in-
duce positive health effects directly in skeletal muscle and
nervous tissue, thus improving the physical autonomy of pa-
tients [2, 15, 16]. A roundtable consensus by the American
College of Sports Medicine (ACSM) assessed RE to be safe
and effective during different oncological therapies [2]. This
report, also endorsed by the American Cancer Society has
been guiding exercise prescription for cancer patients interna-
tionally [17]. In the last few years, the number of published
studies about the effectiveness of RE in cancer patients has
grown exponentially, which may indicate that physiological
and psychological challenges faced by cancer patients might
be attenuated, leading to better treatment programs and reha-
bilitation of patients when engaged in a RE program [2].

In a cohort study conducted by Ruiz et al. (2009) assessing
8762 cancer patients, an inverse association between muscle
strength and mortality was observed [18]. Strasser et al.
(2013) in meta-analysis, indicated that RE plays a promising
role in improving fatigue signals, as well as increasing lean
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body mass content and decreasing body fat in cancer survivors
[19]. However, this study did not consider treatment stage of
patients, so in this sense the manifestation and evolution of
muscle strength and other health-related outcomes differ due
to the initial conditions of patients. Such conditions include
more severe acute side effects, such as fatigue signals, diar-
rhea, toxicity, and cardiotoxicity [13]. In this context, a recent
study conducted by Morielli et al. (2016) investigated the
feasibility and safety of an aerobic exercise intervention in
patients with rectal cancer during and after neoadjuvant che-
moradiotherapy. The authors found an increased fatigue in
patients with post neoadjuvant treatment. On the other hand,
there was an improvement in fatigue during post neoadjuvant
to pre-surgery conditions [20].

RE provided long-term mitigated fatigue, and additional
benefits in upper and lower body muscle strength, triglycer-
ides, body fat percentage, and improved quality of life in pros-
tate cancer patients undergoing radiotherapy, in comparison to
patients completing aerobic exercise [21]. Given the increas-
ing number of studies reporting RE benefits, muscle wasting
and muscle strength can be viewed as clinically relevant, and
participation of cancer patients in RE has been associated with
improved survival. For this reason, the purpose of the present
study was to determine and quantify the effects of RE on
lower-limb muscular strength, lean body mass (LBM), and
body fat (BF) during neoadjuvant and adjuvant therapies.

Methods
Search approach and study selection

This meta-analysis was performed in accordance with
Preferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) [22]. We searched for references on
Clinical Trial Register, Cochrane Trial Register, PubMed,
SPORT Discus, SciELO, and Cumulative Index to Nursing
and Allied Health (CINAHL) of the last 25 years , from
September 2014 until May 2015, and we used the following
keywords in various combinations with a systematic
search:“Cancer therapy,” “Wasting muscle,” “Muscle loss,”
“Muscle function,” “Neoadjuvant therapy,” “Adjuvant thera-
py,” “Resistance Training,” “Weight training,” and
“Exercise.” Reference lists from original and review articles
were reviewed to identify additional relevant studies. Clinical
trials comparing RE and/or combined exercise training (aero-
bic exercise plus RE) with sedentary participants in cancer
patients undergoing chemo or radiotherapy and including
lower-limb muscular strength measurement were examined.
Two researchers (C.S.P and F.H.B) independently performed
the search and the third researcher (P.C.M) checked the search
in the case of disagreement on study inclusion. The references
of all review articles and original papers were examined and
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crosschecked. After exclusion of duplicate publications, the
identified articles were included in the review if they matched
the following criteria: Patients are receiving neoadjuvant or
adjuvant therapy and participating in RE or combined exercise
(e.g., resistance and aerobic training). The records were ex-
cluded if they presented the following characteristics:
(1)studies involving children, (2) unspecified type of patient
therapy, (3) studies not presenting measurements of lower-
limb muscular strength, (4) studies of combined exercise train-
ing with more than 40% of training volume using aerobic
exercise, and (5) non-original studies. The selection criteria
were not limited by study duration, exercise intensity, baseline
levels of physical activity, or cancer types. The search strategy
considered two main outcomes: (1) effects of RE in patients
undergoing neoadjuvant therapy—Outcome 1 and (2) effects
of RE in patients undergoing adjuvant therapy—Outcome 2.
The study selection process is described in Fig. 1.

Data collection and analysis

We extracted the following information for each study: gender
of'the participants, tumor location, purpose of study, resistance
training protocol (intensity, frequency, and duration), and
main results (lower-limb muscular strength, LBM, and BF)
(Table 1). All meta-analysis procedures were conducted as
described by Stroup et al. (2000) [23]. Pre and post RE data
from one-maximal repetition test (IRM) in lower-limb mus-
cular strength as a dynamic muscle strength parameter, LBM
and BF were extracted from all studies selected.

Meta-analysis was conducted using Review Manager
Software (RevMan software package version 5.0). RevMan
was used to calculate the effect size of patients submitted to
RE under neoadjuvant (outcome 1), or adjuvant therapy (out-
come 2). We also calculated the effect size of patients submitted
to RE undertaking some other classes of therapy shown as sec-
ondary outcomes, such as androgen-deprivation therapy (ADT)
plus radiotherapy, chemotherapy, radiotherapy, and chemother-
apy plus radiotherapy, using the change in muscle strength,
LBM, and BM from baseline to post RE intervention vs. control
groups over time. In circumstances when standard deviations
were not available, these values were calculated using standard
statistical methods assuming a correlation of 0.50 between the
baseline and post-intervention scores within each subject [24].
Similarly, when studies reported standard error, the values were
converted to standard deviation (SD).

For studies with non-parametric data reporting median and
range, the equations of Hozo [25] were used to estimate mean
and SD. Data from all included studies were used to calculate
the weighted mean difference and 95% confidence interval
(CI) using a continuous random effects model for both out-
comes 1 and 2. Weighted percentages were based on the sam-
ple sizes of respective studies. Statistical significance was as-
sumed as P < 0.05 in a Z test analysis, to examine whether
effect size was significantly different from zero. Study hetero-
geneity was evaluated using the  statistic and Cochrane’s Q.
Values of /% higher than 50 and 75% were considered moder-
ate and high heterogeneity. For Cochrane’s Q, significant het-
erogeneity is considered to exist when the Q value exceeds the
degrees of freedom (df) of the estimate. When meta-analysis

Fig.1 PRISMA flow diagram of
the study selection process
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was considered to be moderate to high heterogeneity, and the
random-effects model was used [26], publication bias was
tested visually using a funnel plot. The risk of bias was
assessed according to the Cochrane collaboration [27].

Forest plots were generated to illustrate the study-specific
effect sizes along with a 95% CIL.

Results
Studies’ characteristics

The selection process generated 272 full-text articles and is
documented in the PRISMA flow diagram (Fig. 1). Repeated
studies, reviews, and meta-analysis were excluded (n = 135).
As a result, 137 studies were then assessed for eligibility by
applying the inclusion and exclusion criteria, 60 studies were
excluded for not presenting a control or RE group. Sixty-three
were excluded for not presenting inclusion criteria. Finally, a
total of 14 studies met the specific outcomes proposed in the
present meta-analysis, and they presented low risk of bias
(Fig. 2). Study characteristics and detailed description of ex-
ercise protocol and outcomes are presented in Table 1.

Seven studies included women with breast cancer [28—34]
and seven studies in men with prostate cancer [21, 35-40]. The
total number of patients in the RE group were 522 and 525 in
the control. The duration of RE intervention ranged from 12 to
16 weeks [34, 36-39], 24 weeks [21, 28, 29, 35], and 52 weeks
[30-33, 40]. Frequency of RE intervention per week ranged
from twice a week [28-32, 36-38] to three times a week [21,
34, 35, 39]. Training intensity was between 40 and 85% of
1RM and 6—12 maximum repetition. Training load was adjust-
ed accordingly to keep maximum possible repetitions per set
between 6 and 12 RM. RE machines were most commonly
used and incorporated exercises for all major muscle groups.

Lower-limb muscle strength, LBM, and BF were used as
main outcomes in our systematic review. Overall, muscular
strength increased significantly when compared to controls over
time (mean: 26.22 kg, 95% CI [16.01, 36.43], heterogeneity:
P =<001, P =76%, P =0.00001 Fig. 2). When RE response

was analyzed separately by neoadjuvant or adjuvant treatments,
we observed similar increases in muscle strength in patients
undergoing neoadjuvant (mean 23.43 kg, 95% CI [14.51,
32.36], heterogeneity: P = 0.36, P =10%, P < 0.00001 Fig. 2)
and adjuvant therapy compared to controls over time (mean
28.61 kg, 95% CI [10.72, 46.49], heterogeneity: P < 0.001,
P = 86%, P = 0.0008 Fig. 2). We observed significant hetero-
geneity between randomized controlled trials (RCT) in adjuvant
analysis (86%), which represents a strong indicator of different
manipulation of training variables or patient’s condition towards
treatment.

Patients receiving ADT plus radiotherapy did not appear to
compromise ability to increase lower-limb muscle strength
(mean 23.1 kg, 95% CI [12.4, 33.7], heterogeneity:
P=027,P=22%,P= 0.00001) (Table 2). Similarly, patients
receiving chemotherapy plus radiotherapy also significantly
increased lower-limb muscle strength compared to controls
over time (mean 36.2 kg, 95% CI [15.8, 56.6], heterogeneity:
P =0.005, * = 74%, P = 0.001) (Table 2).

We included ten studies specifically reporting body com-
position in response to RE. We found a significant increase
over time for LBM in the RE group compared to controls
(mean 0.86 kg, 95% CI [0.76, 0.96], heterogeneity:
P =099, P =0%, P < 0.00001; Fig. 3). When examining
groups separately by neoadjuvant and adjuvant therapies, we
found a significant increase in LBM in patients on adjuvant
therapy (mean 0.86, 95% CI [0.76, 0.96], heterogeneity:
P =0.44, P = 0%, P = 0.0000; Fig. 3) but not for those on
neoadjuvant compared to controls over time (mean 0.86 kg,
95% CI [-1.01, 2.61], heterogeneity: P = 1.00, I* = 0%,
P =0.39; Fig. 3).

Although the results indicated homogeneity between RCTs,
the discrepancy of weight and CI observed in Schmitz et al.
(2005) [29] can be explain through the similarity of increased
LBM (mean 0.86 kg) across all analyses conducted.
Furthermore, it may be also due to the extended training period
of 52 weeks and low SD. Interestingly, we also found that pa-
tients undertaking chemotherapy plus radiotherapy had a signif-
icant increase in LBM (mean: 0.86, 95% CI [0.76, 0.96], het-
erogeneity: P = 0.55, P = 0%, P=0.0001; Table 2) but not for

Fig. 2 Risk of bias summary
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Table 2 .Meta-analysis

performed on the effects of REon ~ Outcomes N studies 95% CI P P
muscular strength (lower-limb
RM), LBM, and BF on different Lower-limb muscular strength (Kg)
types of therapies. Calculation ADT plus radiation 6 23.11 [12.44, 33.78] 0.00001 22%
based on random effects model. Chemotherapy 2 13.16 [-6.01, 32.32] 0.18 58%
Results are expressed as weighted .
mean difference (WMD) and 95% Radiotherapy 1 27.50 [6.74, 48.26] 0.009 NA
confidence intervals (95% CI) Chemotherapy + radiotherapy 4 36.25[15.88, 56.62] 0.005 74%
Test for overall effect Z 26.46 [16.30, 36.62] 0.0001 76%
LBM (Kg)
ADT plus radiation 5 0.80 [-1.01, 2.61] 0.39 0%
Chemotherapy 1 0.40 [-1.08, 1.88] 0.60 NA
Chemotherapy + radiotherapy 3 0.86 [0.76, 0.96] 0.0001 0%
Test for overall effect Z 0.85[0.76, 0.95] 0.0001 0%
BF (%)
ADT plus radiation 5 —0.72 [-3.70, 2.26] 0.64 0%
Chemotherapy 2 —3.58 [-9.13, 1.97] 0.21 0%
Radiotherapy 1 —2.00 [-12.35, 8.35] 0.70 NA
Chemotherapy + radiotherapy 3 -1.38 [-1.57,-1.19] 0.0001 0%
Test for overall effect Z -1.38 [-1.57,—1.19] 0.0001 0%

ADT androgen deprivation therapy, NA not applicable

those undertaking ADT plus radiotherapy (mean: 0.80, 95% CI
[-1.01, 2.61], heterogeneity: P = 1.00, P =0%, P=0239;
Table 2).

We also found that BF significantly decrease following RE
(mean: —1.3 kg, 95% CI [-1.5, 1.1], heterogeneity: P = 0.93,
P = 0%, P < 0.00001; Fig.4) with a significant decrease for
those undergoing adjuvant therapy (mean: —1.3 kg, 95% CI
[-1.5, 1.1], heterogeneity: P = 0.93, P= 0%, P = 0.00001;
Fig. 4). However, there was no change for those undergoing

neoadjuvant therapy (mean — 1.1 kg, 95% CI [-5.4, 3.0],
heterogeneity: P = 1.00, P= 0%, P = 0.58; Figs. 4 and 5).
Although the results indicated homogeneity between RCTs in
neo and adjuvant therapy analyses, the weight and CI discrep-
ancy observed by Schmitz et al. (2005) [29] included in adju-
vant therapy analysis may be due to low SD. There was also a
decrease in BF in patients undergoing chemotherapy plus ra-
diotherapy (mean: —1.38, 95% CI [-1.57, —1.19], heterogene-
ity: P = 1.00, * = 0%, P = 0.0001; Table.2).

Resistance Exercise Sedentary Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Neoadjuvant Therapy
Alberga 2012 30.6 97.9 46 26 948 46  4.3% 28.00[-11.38,67.38) ]
Cormie 2013 41 171 10 -3 224 10 8.8% 7.10[-10.37, 24.57) -
Cormic 2014 236 514 32 2 A 31 7.9%  25.60[4.71, 46.49] e
Galvéo 2010 36.2 479 29 7 537 28 6.6%  29.20[2.75,55.65] -
Nilsen 2015 44 52.5 28 0 42 30 7.0% 44.00[19.42, 68.58) -
Segal 2009 295 39.6 40 2 547 41 7.9%  27.50[6.74, 48.26) e
Winters-Stone 2014 211 428 29 18 304 22 8.1% 19.30[-0.80. 39.40] T
Subtotal (95% Cl) 214 208 50.6% 23.43 [14.51, 32.36] <&
Heterogeneity: Tau? = 13.93; Chi? = 6.63, df = 6 (P = 0.36); I? = 10%
Test for overall effect: Z = 5.15 (P < 0.00001)
1.1.2 Adjuvant Therapy
Ahmed 2006 81.8 455 23 203 469 22 6.5% 61.50[34.48,88.52)
Battagllini 2007 26.2 17.7 10 -2 398 10 6.5%  28.20[1.20, 55.20] —
Courneya 2007 8.2 11.9 82 14 133 82 11.6% 6.80 [2.94, 10.66] -
Schmitz 2009 50 65 59 3 575 63 7.7% 47.00[25.17,68.83] -
Schmitz 2010 43 45 61 11 535 63  8.8% 32.00[14.62,49.38] _—
Winters-Stone 2012 15.15 484 52 7.6749 49.8 54  8.5% 7.48[-11.22,26.17) T
Subtotal (95% Cl) 287 294 49.4% 28.61[10.72, 46.49] E
Heterogeneity: Tau? = 395.53; Chi? = 35.57, df = 5 (P < 0.00001); I> = 86%
Test for overall effect: Z = 3.13 (P = 0.002)
Total (95% Cl) 501 502 100.0% 26.22 [16.01, 36.43] <&
Heterogeneity: Tauz = 230.02; Chi? = 49.75, df = 12 (P < 0.00001); I2 = 76% _160 _510 s 510 160

Test for overall effect: Z = 5.03 (P < 0.00001)

Sedentary Resistance Exercise
Test for subgroup differences: Chi? = 0.26, df = 1 (P = 0.61), I = 0% y

Fig. 3 Meta-analysis performed on the effects of RE on muscular strength (lower-limb RM) on neoadjuvant and adjuvant therapy. Calculation based on
random effects model. Results are expressed as weighted mean difference (WMD) and 95% confidence intervals (95% CI)
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Resistance Exercise Sedentary Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.2.1 Neoadjuvant Therapy
Alberga 2012 -0.1 9.46 40 -1.3 945 41 0.1% 1.20 [-2.92, 5.32] >
Cormie 2013 059 118 10 -07 88 10 00%  1.29[-7.83,10.41] ¢ >
Cormie 2014 -0.6 6.4 32 -14 645 28 0.1% 0.80 [-2.46, 4.06) >
Galvdo 2010 0.7 6.75 29 0 85 28 0.1% 0.70[-3.29, 4.69] * >
Nilsen 2015 0.5 7.25 28 0 6.65 30 0.1% 0.50 [-3.09, 4.09] >
Subtotal (95% CI) 139 137 0.3% 0.80 [-1.01, 2.61] e —
Heterogeneity: Tau? = 0.00; Chi? = 0.08, df =4 (P = 1.00); I* = 0%
Test for overall effect: Z = 0.87 (P = 0.39)
1.2.2 Adjuvant Therapy
Battagllini 2007 3.1 3.15 10 -0.2 4.15 10 0.1% 3.30[0.07, 6.53)
Courneya 2007 1 4.75 82 0.6 495 82  0.4% 0.40 [-1.08, 1.88] ]
Schmitz 2005 0.88 0.23 40 0.02 0.23 41 98.8% 0.86 [0.76, 0.96] .
Schmitz 2009 -0.7 75 65 -12 74 64 0.2% 0.50 [-2.07, 3.07]
Schmitz 2010 -0.59 7.23 65 -1 754 68 0.2% 0.41[-2.10, 2.92]
Subtotal (95% Cl) 262 265 99.7% 0.86 [0.76, 0.96] ¢
Heterogeneity: Tau? = 0.00; Chi? = 2.76, df =4 (P = 0.60); I = 0%
Test for overall effect: Z = 16.88 (P < 0.00001)
Total (95% Cl) 401 402 100.0% 0.86 [0.76, 0.96] ¢
Heterogeneity: Tau? = 0.00; Chi = 2.84, df =9 (P = 0.97); 2= 0% 2 1 5 1 2

Test for overall effect: Z = 16.90 (P < 0.00001)
Test for subgroup differences: Chi? = 0.00, df = 1 (P = 0.95), I = 0%

Sedentary Resistance Exercise

Fig.4 Meta-analysis performed on the effects of RE on lean body mass (kg) on neoadjuvant and adjuvant therapy. Calculation based on random effects
model. Results are expressed as weighted mean difference (WMD) and 95% confidence intervals (95% CI)

Discussion

The exponential increase in the number of quality RCT of
RE and/or combined (RE plus aerobic) training for cancer
patients has encouraged the publication of reviews and
meta-analyses to resolve divergent discussions in the liter-
ature. One of the most comprehensive discussions in the
literature is the importance of maintaining and/or increas-
ing muscle strength and muscle mass as a strong indicator
for tolerance to treatment and increased survival time [41].

This systematic review with meta-analysis investigated
whether RE is effective in improving lower-limb muscular

Resistance Exercise Sedentary

strength, preventing loss of LBM, and reducing BF during
different stages of cancer therapy (neoadjuvant and adju-
vant) (Table 3). Moreover, our systematic review and meta-
analysis is novel in that we explored the effects of RE
during specific time points in cancer treatment and disease
trajectory including when patients initiate treatment, after
primary treatment such as surgical procedures, and associ-
ated adjuvant therapies. Although potentially curative,
neoadjuvant therapies may increase toxicities and this
may be associated with increased risks of surgical morbid-
ity. In this case, improvements in musculoskeletal and car-
diorespiratory fitness by exercise during neoadjuvant

Mean Difference Mean Difference

Study or Subgroup Mean SD__ Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.3.1 Neoadjuvant Therapy

Alberga 2012 0.4 26.3 40 3.2 26 41 0.0% -2.80[-14.19,8.59] ¢ >
Cormie 2014 -0.1 18.6 32 1.1 18.05 31 0.0% -1.20[-10.25,7.85) ¢ >
Galvao 2010 -0.3  16.75 29 02 164 28 0.1% -0.50[-9.11,8.11] ¢ >
Nilsen 2015 -0.2 16.3 28 02 17 30 0.1% -0.40[-8.97,8.17) ¢ >
Segal 2009 -0.4 2238 40 16 247 41 0.0% -2.00[-12.35,8.35) ¢ >
Subtotal (95% Cl) 169 171 0.2%  -1.19[-5.40, 3.02] e —

Heterogeneity: Tau? = 0.00; Chi? = 0.16, df = 4 (P = 1.00); I? = 0%

Test for overall effect: Z = 0.55 (P = 0.58)

1.3.2 Adjuvant Therapy

Battagllini 2007 -3.1 6.7 10 1.1 71 10 0.1% -4.20[-10.25,1.85] *

Courneya 2007 07 455 82 1 4555 82 0.0% -0.30[-14.23,13.63) ¢ >
Schmitz 2005 -1.15 0.45 40 023 044 41 996%  -1.38[-1.57,-1.19] .

Schmitz 2009 -0.5 3235 65 04 341 65 0.0% -0.90[-12.33,10.53) * >
Schmitz 2010 -0.37 333 65 0.33 34.69 68 0.0% -0.70[-12.25,10.85) * >
Subtotal (95% CI) 262 266 99.8%  -1.38[-1.58, -1.19] (]

Heterogeneity: Tau? = 0.00; Chi? = 0.88, df =4 (P = 0.93); ?=0%

Test for overall effect: Z = 13.99 (P < 0.00001)

Total (95% Cl) 431 437 100.0%  -1.38 [-1.58, -1.19] ‘

Heterogeneity: Tauz = 0.00; Chi? = 1.04, df = 9 (P = 1.00); I2= 0% 4 2 3 2 j‘

Test for overall effect: Z = 14.00 (P < 0.00001)
Test for subgroup differences: Chi? = 0.01, df = 1 (P = 0.93), = 0%

Resistance Exercise Sedentary

Fig.5 Meta-analysis performed on the effects of RE on body fat (%) on neoadjuvant and adjuvant therapy. Calculation based on random effects model.
Results are expressed as weighted mean difference (WMD) and 95% confidence intervals (95% CI)
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Table 3 Summary of outcomes changed in patients undergoing
neoadjuvant and adjuvant therapy

Variables Neoadjuvant Adjuvant Overall
Muscle Strength i i i

LBM = 1 1

BF — ! !

BM lean body mass, BF body fat

1 increase, — maintenance, | decrease

treatment may improve patient outcomes and recovery fol-
lowing surgery [42, 43].

Moreover, the European surgical outcome study has recent-
ly highlighted that comorbidity has a great impact on the re-
covery process post-operative and is associated with reduced
survival [44]. As a result, the implementation of exercise—
oncology interventions has attracted great interest of re-
searchers and clinicians over recent years with the proposal
to reduce post-operative morbidity and side effects during
adjuvant therapy [45].

Indeed, there were several important findings; for instance,
RE increased lower-limb muscular strength in patients under-
taking neoadjuvant and adjuvant therapy compared to con-
trols. However, the high and significant heterogeneity of the
RCTs included in the adjuvant studies for LBM analysis
(PP = 86%) must be considered. Different training periods, as
presented in the RCTs included in our review (12—52 weeks),
intensities of training (40-80% 1RM), and differences in pro-
gression of training load may have contributed to the hetero-
geneity of analysis. In this scenario, the increase of lower-limb
muscular strength in neoadjuvant and adjuvant analysis can be
explained initially by neural adaptation, resulting predomi-
nantly from increased motor unit recruitment and likely firing
rate [46, 47] resulting in increased force development [48].
Other reviews and meta-analyses showed similar increases
of lower-limb and upper-limb strength after RE program to
those found in our meta-analysis [19, 49, 50]. Additionally,
improvements in muscle strength were independent of the
treatment type (e.g., chemotherapy, radiotherapy or ADT).

Increased lower-limb muscular strength was concomitant
with increase in LBM for those cancer patients only undergo-
ing adjuvant therapy. Due to the discrepancy of weight (98%)
in Schmitz et al. (2005) study [30], we suggest that increased
LBM reported here was due predominantly to this one study
(Fig.3). However, it is important to highlight that patients
undergoing neoadjuvant therapy may also preserve LBM after
RE intervention. Our data also demonstrated that RE increases
LBM in breast cancer patients undergoing chemotherapy and
chemoradiotherapy. In studies including men with prostate
cancer, patients were treated with ADT which substantially
impacts body composition and other skeletal-related muscle
adverse effects. For example, substantial decline (~1.4 kg) of

LBM following the first year of ADT has been previously
reported [51]. In this particular setting, RE can be an effective
exercise modality to restore skeletal muscle function [51]. It is
noteworthy that the ability to increase or maintain LBM dur-
ing intensive neo and adjuvant treatment combined with RE
program is an important clinical outcome, since accentuated
decline of this variable occurs rapidly [52]. Rutten et al.
(2016) investigated whether loss of skeletal muscle during
neoadjuvant chemotherapy was related to decreased survival
in ovarian cancer patients. Their findings were that patients
who were able to maintain or gain LBM during neoadjuvant
chemotherapy had an increased overall survival relative to
patients who decreased LBM. This difference reflected in sur-
vival was the most prominent from 2 years after the start of
therapy onwards [53]. Furthermore, repeated exposure to RE
induces cumulative periods of positive protein balance, which
is required for increased muscle cross-sectional area due to the
activation of signaling cascades in favor of the anabolic pro-
cess that occurs after muscle mechanical overload and in the
subsequent recovery period [54]. The alterations in muscle
metabolism of proteins induced by RE can be very important
to cancer patients to counteract the negative protein and ener-
gy balance present in cachexia. Hypertrophic adaptation de-
pends on other metabolic events, among them, the necessity of
an anabolic environment (e.g., the regenerative/recovery rate),
of which mechanisms have been poorly investigated in cancer
survivors [55].

Our data demonstrate that RE was able to decrease BF in
patients undergoing adjuvant therapy, and maintain in neoad-
juvant phases. We highlight that BF results should be
interpreted with the same caution as the LBM results, due to
the weight discrepancy (99.6%) of the Schmitz et al. (2005)
study [30]. In meta-analysis conducted by Strasser et al.
(2013), similar reductions of BF were reported to that of our
analysis, and they also observed high and significant hetero-
geneity in their pooled analysis of BF change [19].

There is a wide degree of variability of adipose tissue in
women with breast cancer [56]. The increase of BF is a com-
mon side effect of cancer treatment, mainly adjuvant therapy,
as well as hormonal therapies [57]. Furthermore, excess of fat
mass is directly related to increased risk of recurrence and
progression of cancer [58] and has been drastically aggravat-
ed, and is responsible for 20% of all cancer deaths in women
being attributable to overweight and obesity [3]. Increased
adiposity is associated with increased mortality by prostate
and stomach cancer in men, as well as breast cancer in post-
menopausal women, endometrial, uterine, and ovarian cancer
[59]. Our data also demonstrated that RE decreased BF in
breast cancer patients undergoing chemotherapy and chemo-
radiotherapy. These results are in agreement with our initial
hypothesis that RE could promote significant changes in mus-
cular strength and body composition even during different
types of therapy.
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Our meta-analysis has some limitations that must be con-
sidered. Significant heterogeneity was found in the adjuvant
therapy subgroup for lower-limb muscular strength due to the
variance in exercise protocols (variable intensities and differ-
ent durations of the exercise programs) and the variation be-
tween diagnostic assessment at beginning of RE (immediate
or delayed after diagnosis). As a result, caution is warranted
when interpreting our results. This review was carried out only
with breast and prostate cancer survivors. The effects of RE in
cancer survivors with other tumor sites and hematological
malignancies are lacking. Further well controlled RCTs are
required to reinforce the importance of incorporating RE fol-
lowing cancer diagnosis and or at the onset of cancer thera-
pies. A further limitation is the limited number of studies
(n = 14) included in our meta-analysis.

Conclusion

RE is effective for increasing lower-limb muscular strength,
prevent the loss of LBM, and reduce BF in cancer patients
undergoing neoadjuvant and adjuvant therapy regardless of
the type of treatment. These observations indicate that patients
undergoing RE may have greater protection against treatment
induced loss of muscle mass and strength hence reducing side-
effects of pharmaceutical interventions and improving patient
outcomes.
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