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Abstract

Background: Cancer and its treatment significantly impact the quality of life (QOL) of adolescent and young adult (AYA)
patients. This meta-analysis examined the effects of exercise interventions on the generic and cancer-specific QOL of AYA
cancer patients and survivors.

Methods: Four databases were searched from January 2010 to September 2019. RevMan 5.3 was used to synthesize the
effects of exercise intervention on the QOL of AYA cancer patients and survivors.

Results: A total of || eligible studies have been included in this paper. Direct outcome comparisons found that pooled
overall effects on generic QOL were in favor of exercise interventions, but only with marginal significance (Z= 1.96, P =
0.05). When performing the subscale analysis of the generic QOL, three trials assessed the effects of exercise interventions
on the emotional domain of QOL, and the weighted mean difference (WMD) for the overall intervention effect was 3.47
(95% confidence interval [CI] = 0.42 to 6.51). Additionally, exercise interventions increased the minutes of physical activity
per week undertaken by AYA cancer patients and survivors (Z= 2.88, P = 0.004).

Conclusion: Exercise interventions had positive effects on generic QOL and increased the minutes of physical activity per
week undertaken by AYA cancer patients and survivors. In addition, exercise intervention programs appear to be safe, as there
were no studies that reported adverse events. Future research, with rigorous methodological standards and larger sample sizes,
should be designed to confirm the positive effects of exercise interventions on the QOL of AYA cancer patients and survivors.
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Introduction

Cancer is the most common cause of death among adolescent
and young adult (AYA; aged 13 to 39 years) cancer patients,
and there is an increasing number of AYAs being diagnosed
with cancer. In the United States, about 70000 AYAs are
diagnosed with cancer annually.! During the past 2 decades,
research has shown that disease-free survival rates for AYA
cancer survivors have improved from 80% to 88% in
Australia.” The overall 5-year survival rates of AYA cancer
survivors have increased to 80% in several high-income
countries, and this has been attributed to progressive improve-
ments in active treatment and supportive care.” However,
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improved survival rates are often accompanied by cancer-
related sequelae, resulting in AYA cancer survivors living
with potentially lifelong adverse health consequences.’
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Common cancer-related sequelae include physical decon-
ditioning, cognitive changes, functional deficits, and limita-
tions resulting from extensive cancer therapies, and a negative
impact on psychosocial functioning.* All of these sequelae
result in a deterioration in the quality of life (QOL) of AYA
cancer survivors.

While there is growing recognition that exercise is effec-
tive as a nonpharmacological intervention in diminishing
cancer-related sequelac for AYA cancer survivors,” more
than half of AYA cancer survivors nevertheless remain sed-
entary.’ According to the physical activity guidelines of
Centers for Disease Control and Prevention, AYAs are
advised to engage in at least 150 minutes of moderate phys-
ical activity per week.” However, most AYA cancer survi-
vors do not meet these physical exercise guidelines.® Recent
evidence suggests that regular physical exercise can
improve both physical and psychosocial health in cancer
survivors, and there has been widespread attention on the
health benefits of exercise interventions on cancer survi-
vors.” Assessing the QOL outcomes and its domains can
provide prognostic and predictive information for clini-
cians, helping them understand the experiences of AYA can-
cer survivors and in the developing of effective lifestyle
interventions for this target study population.'®'!

There have been previous systematic reviews investi-
gating the effects of exercise interventions on the QOL of
cancer survivors. One review'® examined the effects of
exercise interventions on the QOL of adolescent cancer
survivors, aged 13 to 19 years. This systematic review
reported that exercise intervention appears to be safe and
feasible, and improve the QOL of adolescent cancer survi-
vors. However, this meta-analysis did not include all AYA
cancer survivors. Because AYAs are biologically, physi-
cally, and psychosocially vulnerable to cancer in a unique
way, they may respond differently to exercise interven-
tions.” Furthermore, the recent systematic review by
Munsie and colleagues,’ investigating the health benefits
of exercise interventions on AYA cancer patients, did not
perform quantitative analysis for the pooled effects of
exercise intervention on this target study population. The
aim of the present meta-analysis, therefore, is to quantita-
tively evaluate the most recent studies on the effects of
exercise interventions on the QOL of AYA cancer patients
and survivors, and to identify the implications for future
research.

Methods

Data Sources and Search Strategy

This meta-analysis involved a literature search in 4
electronic databases: PubMed, EMBASE, Scopus, and
CNKI, from January 1, 2010, to September 30, 2019.
Articles published in both English and Chinese were

included. Search terms used a combination of key words
and medical subject headings. These included adolescent,
young adult, cancer, cancer treatment, cancer survivorship,
exercise, physical exercise, physical activity, motor activ-
ity, and quality of life.

Eligibility Criteria

Patients and survivors with childhood-onset cancer were
included. In line with the conventional age-related defini-
tion, AYAs were defined as persons aged between 13 and 39
years.” Patients with adulthood-onset cancer were excluded.
Interventions included all exercise interventions. Controls
included other active or supportive care interventions, wait-
list controls, or usual/standard care. The primary outcome
was generic or cancer-specific QOL outcome measures.
Secondary outcomes included the minutes of moderate
physical activity per week, and any adverse event directly
due to exercise interventions. Study designs included case-
controlled and randomized controlled trials (RCTs).

Data Extraction and Risk of Bias Assessment

For each included study, data were extracted by 2 indepen-
dent investigators (XZ, MX), who extracted the characteris-
tics of each included trial, including key information on the
QOL outcomes. In discussing any disagreements that arose,
a third investigator (YZ) was always involved. For the meth-
odological quality assessment, risk of assessment for each
included trial used the Cochrane Risk of Bias Assessment
tool, including random sequence generation, allocation con-
cealment, blinding participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective
reporting, and other biases.'> Similarly, any disagreement in
terms of methodological quality assessment was resolved by
discussion. In these cases, the third investigator (YZ) spoke
with both parties in order to achieve a consensus.

Data Synthesis and Analysis

The Cochrane Collaboration’s Review Manager (RevMan
5.3) was used to generate the pooled effect of exercise inter-
ventions." Statistical heterogeneity was calculated with x*
test and I statistics. A y” test with a P value >.1 and an I*
value <50% were considered indications of statistical
homogeneity.'” If the heterogeneity was high, the random
effect model was used to estimate the intervention effect
size. Otherwise, the fixed effect model was used to estimate
the intervention effect size. If data for standard deviations
were missing, they were estimated using the standard devia-
tion from other related information such as standard errors
or confidence intervals (CIs)."* Values of P < .05 were con-
sidered statistically significant.
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Figure 1. PRISMA flow diagram of study selection.

Results

Characteristics of Included Studies

Figure 1 shows the full study selection procedure. A total of
707 articles were identified. After removing the duplicates,
397 titles and abstracts were screened, 42 full-text articles
were assessed for eligibility, and 11 studies®'** were
included in this meta-analysis.

Table 1 summarizes the characteristics of these trials. The
data are organized under the headings of study design, charac-
teristics of participants, intervention details, outcome measures,
and main findings. Two of these'™"” were case-controlled
trials, while other included studies were RCTs.%!3:1416-18.20-23
There were both generic and cancer-specific QOL measures
used for measuring the QOL of AYA cancer patients and sur-
vivors. Of these 11 studies, 1 study used generic QOL mea-
sures of Short Form Health Survey-36,'* or the PedsQL4.0
(Pediatric Quality of Life Inventory4.0) Generic Core Scale,'®
1 study used cancer-specific QOL measures such as FACT-G
(Functional Assessment of Cancer Therapy—General),” and
only 1 study used both generic and cancer-specific QOL mea-
sures such as the PedsQL4.0 Generic Core and Cancer Module
Scales.'® The total duration of interventions ranged from 10 to
24 weeks, frequency of interventions varied from 3 times/
week to daily session, time per session ranged from 20 to 60
minutes. The main mode of intervention delivery was by the
Internet (Table 1).

Quality of Study Methods

Figure 2 presents the results of the risk of bias assessment.
The major sources of potential bias identified were a

failure to blind study subjects or research personnel;
incomplete outcome data; and selective outcome reporting.
Due to the nature of exercise intervention, it may be diffi-
cult to blind participants in terms of intervention delivery.
Of 11 trials, 4 trials'*"*'*? failed to provide clear informa-
tion about blinding the outcome assessors to minimize
potential methodological bias. For bias of incomplete out-
come data and selective outcome reporting, 3 trials*'*
came from the same RCT study but reported different study
outcomes.

Effects of Exercise Interventions on Study
Outcomes

Direct outcome comparisons found that the pooled overall
effects of generic QOL were in favor of exercise interven-
tions, but only with marginal statistical significance (Z =
1.96, P = .05; Figure 3). When performing the subscale
analysis of the generic QOL, 3 trials assessed the effects of
exercise interventions on the emotional domain of QOL,
and the weighted mean difference for the overall interven-
tion effect was 3.47 (95% CI = 0.42-6.51; Figure 3). For
cancer-specific QOL, there were no statistically significant
differences between exercise intervention and controls
(Figure 4). Additionally, exercise interventions increased
the minutes of physical activity per week undertaken by
AYA cancer patients (Z = 2.88, P = .004; Figure 5).

In order to determine the strength of confidence in the
intervention effect size, publication bias for the included tri-
als was visually inspected by the criterion of symmetry.
From Figure 6, the funnel plot of the pooled intervention
effect size of the generic QOL was with symmetry distribu-
tion, indicating that these trials had limited publication bias.
Of the 11 trials that were included, there were no studies
reporting any adverse event directly related to exercise
interventions.

Discussion

This meta-analysis examined the pooled effects of exercise
intervention on the QOL in AYA cancer patients. Of the 11
trials, only 4 of them were included in statistical pooling
because other trials did not present enough data about the
QOL of AYA cancer patients. Overall, the pooled effects of
generic QOL were in favor of exercise intervention, espe-
cially in the subdomain of emotional functioning. The
pooled results of 3 studies involving 349 subjects showed
that the weighted mean difference for the emotional QOL
was 3.47 (0.42, 6.51). Cancer-specific QOL was not in
favor of exercise interventions, which may be due to using
insensitive  QOL measures in AYA cancer patients.
Nevertheless, this meta-analysis found that participants in
the exercise intervention group reported significantly
increased engagement in physical activity, consistent with
the findings of previous research.*
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
I t t t {
0% 25% 50% 75% 100%
.Low risk of hias DUnclear risk of bias .High risk of bias
Figure 2. Risk of bias summary.

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Physical
Belanger 2014 53.7 7.7 106 524 105 106 482% 1.30[1.18,3.78)
Howell 2018 80.53 19.21 53 78.24 23.41 25  27% 2.29[-8.24,12.82) = e——=
Mendoza 2017 81.5 24.71 29 792 2544 30 1.8% 230[-10.50,15.10] —
Subtotal (95% ClI) 188 161  52.7% 1.38 [-0.99, 3.76] <>
Heterogeneity: Chi*= 0.05, df= 2 (P = 0.97); F= 0%
Test for overall effect: Z=1.14 (P = 0.25)
1.1.2 Emotional
Belanger 2014 459 99 106 41.7 144 106 26.8% 4.20(0.87,7.53] —
Howell 2018 78.36 15.23 53 7817 19 25 41% 0.19[-8.31, 8.69) | (S
Mendoza 2017 769 3075 29 788 3186 30 1.2% -1.90[-17.88,14.08)
Subtotal (95% CI) 188 161 32.0%  3.47[0.42,6.51] -
Heterogeneity: Chi*=1.19, df= 2 (P = 0.55); F= 0%
Test for overall effect: Z= 2.23 (P = 0.03)
1.1.3 Social
Howell 2018 80.41 21.09 53 81.38 2164 25 28% -0.97[11.18,9.24) E—
Mendoza 2017 78.8 2511 29 847 2612 30 1.7% -590[-18.97,7.17) —_—
Subtotal (95% CI) 82 55 4.6% -2.84[-10.88,5.21] e
Heterogeneity: Chi*= 0.34, df=1 (P = 0.56); F= 0%
Test for overall effect: Z= 0.69 (P = 0.49)
1.1.4 School
Howell 2018 7115 2085 53 69.58 21.21 25 29% 1.57[-8.46,11.60) ————
Mendoza 2017 709 3063 29 74 3187 30 1.2% -3.10[-19.05,12.85)
Subtotal (95% CI) 82 55  41%  0.25[-8.25,8.74] e
Heterogeneity: Chi*= 0.24, df=1 (P = 0.63); F= 0%
Test for overall effect: Z= 0.06 (P = 0.95)
1.1.5 Overall generic QOL
Howell 2018 78.02 16.02 53 77.03 1798 25 43% 0.99 [-7.27,9.25) ——
Mendoza 2017 775 2182 29 794 2243 30 23% -1.90[13.21,9.41) —_—
Subtotal (95% CI) 82 55 6.7%  -0.02[-6.69, 6.66] B
Heterogeneity: Chi*= 0.16, df=1 (P = 0.69), F= 0%
Test for overall effect: Z= 0.00 (P = 1.00)
Total (95% Cl) 622 487 100.0% 1.72 [-0.00, 3.44) l‘
Heterogeneity: Chi*= 4.93, df=11 (P = 0.93), F= 0% _50 _1.‘0 5 1:0 2:0
Testfor overall effect Z=1.96 (P = 0.05) Favours control Favours intervention
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Figure 3. Generic quality of life (QOL) comparison between exercise intervention and controls at postintervention.

Note. Pediatric Quality of Life Inventory (PedsQL) 4.0 Generic Core scale consists of 4 scales: (1) physical functioning, (2) emotional functioning, (3)
social functioning, and (4) school functioning. Physical, Social, Emotional, and School represent those 4 domains of QOL. Overall generic QOL means
the average of scores of these 4 domains.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Mendoza 2017 761 2437 30 731 2353 29 27.8% 3.00[-9.22,15.22)
Valle 2013 767 175 45 769 183 41 722% -0.20(-7.78,7.39)

Total (95% ClI) 75
Heterogeneity: Chi*= 0.19, df=1 (P = 0.66); F= 0%
Test for overall effect: Z=0.21 (P = 0.83)

70 100.0% 0.69[-5.75,7.13]

220 10 0 10 20
Favours control Favours intervention

Figure 4. Cancer-specific quality of life comparison between exercise intervention and controls at postintervention.

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Belanger 2014 58 304.66 106 46 23375 106 18.2% 12.00[-61.10,85.10 [—
Howell 2018 47 1199 53 -243 89.7 25 428% 29.00[-18.73,76.73] -
Rabin 2011 1025 200.11 8 165 5477 10 4.8% 86.00[-56.76, 228.76)
Rabin 2016 113.8 10243 19 -87 1084 16 19.7% 122.50(52.20,192.80) -_—
Valle 2013 67 216.02 45 463 171.39 41 145% 20.70 [-61.37,102.77) _—
Total (95% ClI) 231 198 100.0%  45.86 [14.64,77.09] L 4
Heterogeneity: Chi*= 6.53, df = 4 (P = 0.16); F= 39% p p t t

-200 -100 0 100 200

Testfor overall effect Z= 2.88 (P = 0.004) Favours control Favours intervention

Figure 5. Changes in the minutes of physical activity per week between exercise intervention and controls.

Across the trials included in this meta-analysis, the num-
ber of research participants varied from 18 to 212. The
mean age of participants ranged from 13 to 39 years. There
were different QOL outcome measures, including pediatric
QOL scales and cancer-specific QOL for general age popu-
lation. In addition, a wide range of cancer diagnoses, cou-
pled with different study stages (ie, implementing exercise
intervention either during cancer treatment or else after
treatment was completed) were noted. Moreover, the inten-
sity of exercise intervention programs varied from light
physical activity like walking to vigorous physical activity
such as aerobic exercise. Consequently, these variations
may contribute to the overall cancer-specific QOL without
statistical significance.

Several limitations of this meta-analysis should be
noted. First, most trials included in this meta-analysis had
a high risk of bias. Future trials with higher standards of
methodological quality are needed in order to minimize
such methodological bias. Second, although this meta-
analysis included AYA-specific cancer patients based on
the international definition of AYAs from 13 to 39 years
old, future studies should perform subgroup analysis in
terms of different age groups, such as 13 to 25, and 26 to
39 years, as in a cancer context the transition period of
AYA patients poses unique challenges,’ so they may
respond to exercise interventions differently during dif-
ferent transition stages. And, third, this meta-analysis
included trials with small sample sizes, and used insensi-
tive QOL measures (eg, FACT-G, not specific to AYA
cancer patients). This limits the generalizability of the
study’s findings.

This meta-analysis also had several important implica-
tions for future research and clinical practice. First, exercise
intervention programs were varied in terms of delivery
mode (group-based vs individual-based; delivered through
online social media vs off-line intervention programs;
printed exercise intervention materials vs self-help inter-
vention); the intervention duration varied from 10 to 24
weeks; the intensity of exercise varied from weekly ses-
sions to daily sessions. Therefore, future research is needed
to determine the essential attributes of exercise (mode,
duration, and intensity) for maximizing the positive effects
on the QOL of AYA cancer patients. Second, this meta-anal-
ysis included trials using nonspecific QOL measures to
evaluate cancer-specific QOL outcomes for AYA cancer
patients. It is recommended that future research uses more
sensitive QOL measures (eg, PedsQL—Cancer Module
Scales) to capture exercise interventions for the cancer-
specific QOL in AYA cancer patients. And, third, consider-
ing the positive effects of exercise interventions on the
generic QOL and increased physical activity levels of AYA
cancer patients, oncologists should adopt exercise interven-
tions as an integral component of the management of QOL
in this target study population.

Conclusion

Exercise interventions led to improvements in generic QOL
and increased the minutes of physical activity per week
undertaken by AYA cancer patients and survivors. In addi-
tion, exercise intervention programs appear to be safe, as
there were no studies that reported adverse events. Future
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Figure 6. Funnel plot of comparison based on generic quality of life (QOL) outcome.
Note. Pediatric Quality of Life Inventory (PedsQL) 4.0 Generic Core scale consists of 4 scales: (1) physical functioning, (2) emotional functioning,
(3) social functioning, and (4) school functioning. Physical, Social, Emotional, and School represent those 4 domains of QOL. Overall generic QOL

means the average of scores of these 4 domains.

research of rigorous methodological quality and employing
larger sample sizes should be conducted to confirm the pos-
itive effects of exercise interventions on the QOL of AYA
cancer patients and survivors.
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