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Abstract

Background: Exercise effects in cancer patients often appear modest, possibly because interventions rarely target patients
most in need. This study investigated the moderator effects of baseline values on the exercise outcomes of fatigue, aerobic
fitness, muscle strength, quality of life (QoL), and self-reported physical function (PF) in cancer patients during and post-
treatment.
Methods: Individual patient data from 34 randomized exercise trials (n¼4519) were pooled. Linear mixed-effect mod-
els were used to study moderator effects of baseline values on exercise intervention outcomes and to determine
whether these moderator effects differed by intervention timing (during vs post-treatment). All statistical tests were
two-sided.
Results: Moderator effects of baseline fatigue and PF were consistent across intervention timing, with greater effects in
patients with worse fatigue (Pinteraction ¼ .05) and worse PF (Pinteraction ¼ .003). Moderator effects of baseline aerobic fitness,
muscle strength, and QoL differed by intervention timing. During treatment, effects on aerobic fitness were greater for
patients with better baseline aerobic fitness (Pinteraction ¼ .002). Post-treatment, effects on upper (Pinteraction < .001) and lower
(Pinteraction ¼ .01) body muscle strength and QoL (Pinteraction < .001) were greater in patients with worse baseline values.
Conclusion: Although exercise should be encouraged for most cancer patients during and post-treatments, targeting specific
subgroups may be especially beneficial and cost effective. For fatigue and PF, interventions during and post-treatment should
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target patients with high fatigue and low PF. During treatment, patients experience benefit for muscle strength and
QoL regardless of baseline values; however, only patients with low baseline values benefit post-treatment. For aerobic fitness,
patients with low baseline values do not appear to benefit from exercise during treatment.

There is evidence from randomized controlled trials (RCTs) that
exercise has beneficial effects on fatigue, physical fitness, qual-
ity of life (QoL), and self-reported physical function (PF) during
and post cancer treatment (1–7). The magnitude of these effects,
however, is often small to moderate (2,3,8–10). One explana-
tion for these modest effects may be the lack of specifically
targeting those patients who are most likely to benefit from
exercise interventions. For other types of supportive care
interventions, such as psychosocial interventions, greater
effects on distress and QoL are often found in patients with
higher distress (11–13) and lower QoL (14). Consequently, some
RCTs have screened for distress prior to enrolling patients into
a psychosocial intervention (15–18). In our previous meta-
analysis on individual patient data (IPD), we found that 36% of
RCTs evaluating the effects of psychosocial interventions spe-
cifically targeted patients with psychosocial symptoms and, in
general, these RCTs showed larger intervention benefits (19).
Thus, targeting psychosocial interventions to patients with
worse symptoms and QoL seems useful and economical.
Whether this principle is also the case for exercise interven-
tions is unknown.

Only a limited number of exercise intervention studies have
evaluated the moderator effect of baseline fatigue, physical
fitness (ie, aerobic fitness and muscle strength), QoL, and PF
on intervention effects in patients with cancer (20–24).
Studying these moderator effects may help to identify sub-
groups of patients for whom exercise interventions are espe-
cially beneficial or futile (25,26). Results from previous RCTs
have shown that the effects of exercise interventions on fa-
tigue were greater in patients with higher baseline fatigue
(22,23). Also, exercise intervention effects on QoL were
greater in patients who had completed chemotherapy with
higher baseline fatigue (20) and in patients with lymphoma
with lower baseline QoL (21). Comparably, in patients under-
going allogeneic stem cell transplantations, greater effects
on physical fitness were found in unfit patients compared
with fit patients (27).

The aims of exercise interventions differ across the cancer
continuum. Exercise interventions during primary cancer treat-
ment, especially chemotherapy, typically aim to prevent
declines in functioning and ameliorate treatment side-effects,
while exercise interventions post-treatment aim to improve
functioning (28). Therefore, it may also be important to identify
when targeting exercise interventions to baseline values of fa-
tigue, physical fitness, QoL, and PF would be most useful.
Because it may be important to prevent declines in functioning
during primary cancer treatment in all patients regardless of
baseline functioning, we studied whether the benefit from exer-
cise during cancer treatment was independent of baseline
value. Conversely, post-treatment, we hypothesized greater
benefits on fatigue, physical fitness, QoL, and PF in patients
with worse baseline values.

Using data collected in the Predicting Optimal Cancer
Rehabilition and Supportive Care (POLARIS) study (26), this IPD
meta-analysis aimed to study the moderator effects of baseline
values on the exercise response for fatigue, physical fitness,
QoL, and PF and to examine whether these moderator effects
differ by intervention timing (during vs post-treatment).

Methods

Study Inclusion and Characteristics

The POLARIS study is an international collaboration in which
IPD of RCTs were harmonized for pooled analyses (26). POLARIS
included RCTs that evaluated the effects of exercise and/or psy-
chosocial interventions on QoL compared with a wait list, usual
care, or attention control group in adult (�18 years) patients with
cancer. Eligible studies were identified via systematic searches in
electronic databases, reference checking of systematic reviews,
meta-analyses, and personal communication with collaborators,
colleagues, and other experts in the field. Details of the study de-
sign, procedures, search strategies, study inclusion, sample, and
quality were published previously (4,26). The study protocol was
registered in PROSPERO in February 2013 (CRD42013003805).

IPD from 34 (n¼ 4519 patients) of 69 RCTs (response 49%)
evaluating the effects of exercise were included (4). These 34
RCTs were a representative sample of the published RCTs evalu-
ating exercise intervention effects on QoL and PF (4). The mod-
erator effects of demographic, clinical, and intervention-related
variables for QoL (4), physical fitness (6), and fatigue (7) are
reported elsewhere.

Exercise Interventions

Details of the different exercise interventions were published
previously (4). Study, intervention, and exercise characteristics
of included studies and preintervention values of fatigue, physi-
cal fitness, QoL, and PF are presented in Table 1. Of 34 RCTs,
17(33,35–50) focused on patients with breast cancer, five (34,51–
54) on various cancer types, five (23,55–58) on prostate cancer,
three (59–61) on hematological cancer, one (62) on colorectal
cancer, and one (63) on lung cancer. Two RCTs (29–32) included
patients with breast and colon cancer, of which results were
published in separate reports. Three RCTs specifically targeted
patients with menopausal symptoms (38), lymphedema (risk)
(47), or multiple physical or psychosocial problems (53), but no
studies specifically targeted patients with fatigue, low fitness,
or poor QoL. Fourteen (23,33,40,41,43–45,48–50,52,56–58) RCTs
excluded patients who participated in regular physical activity
or exercise.

Outcome Variables

The current analyses used outcomes assessed at pre- and post-
intervention. Table 2 presents the different measures used to
assess the outcomes. Fatigue, QoL, and PF were assessed by
self-report. Physical fitness was measured objectively by assess-
ing aerobic fitness and upper (UBMS) and lower body muscle
strength (LBMS). To allow pooling of the different measures or
questionnaires, we recoded the individual scores (pre- and post-
intervention) into z-scores by subtracting the mean preinter-
vention score from the individual score and dividing the result
by the standard deviation (SD) preintervention per measure-
ment instrument. Subsequently, the pooled z-scores were used
for further analyses.
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Statistical Analysis

Moderator effects of the baseline value of the outcome were
studied using a one-step approach. Linear mixed model analy-
ses with a two-level structure (1: patient, 2: study) were used to
consider the clustering of patients within studies by using a
random intercept on study level. The postintervention value
(z-score) of the outcome was regressed on the intervention and
adjusted for the baseline value (z-score) to limit regression to
the mean (64,65). Moderator effects were examined by adding
the interaction term of the moderator variable with the inter-
vention into the regression model. We added a 3-way interac-
tion of intervention � baseline value � intervention timing,
along with the three corresponding two-way interactions to the
model and intervention timing. A statistically significant three-
way interaction indicates that the moderator effects of the base-
line value of the outcome differ between interventions offered
during vs post cancer treatment. In this case, we tested the
moderator effects separately for interventions during and post
cancer treatment. In case the three-way interaction was not sta-
tistically significant, the moderator effect of the baseline value
(baseline value � intervention) was tested in the total group (ie,
both during and post-treatment). We used the likelihood ratio
test to compare models with and without interaction terms.

Table 1. Descriptives of study, intervention, and exercise character-
istics of included studies (n¼ 34) and baseline values of outcomes of
participants (n¼ 4519)

Characteristic
No. of

studies

No. of
participants in

the studies

Study characteristics
Country

United States 8 860
The Netherlands 7 1360
Australia 6 899
Canada 4 518
Germany 4 367
United Kingdom 3 360
Spain 1 16
Norway 1 139

Sample size
0–100 13 799
>100–200 13 1678
>200–300 7 1712
>300 1 330

Cancer type*
Breast cancer 19 2754
Mixed cancer types 5 819
Prostate cancer 5 426
Haematological 3 311
Colon cancer 3 158
Lung cancer 1 51

Intervention characteristics
Intervention timing

Pre-during-post cancer treatment 1 80
During and/or post cancer treatment 3 418
During cancer treatment 13 1808

During chemotherapy 4 820
During radiotherapy 1 141
During chemotherapy and/

or radiotherapy
4 524

During androgen deprivation therapy 4 326
Post cancer treatment 17 2213

Intervention delivery mode†
Supervised 25 3091
Unsupervised 10 1513

Intervention duration
� 12 weeks 13 1523
12–24 weeks 11 1824
>24 weeks 10 1172

Type of control group‡
Usual care 19 2582
Wait-list 9 1364
Attention control 7 607

Exercise characteristics
Frequency, times per week†

2 19 2742
3–4 8 1081
� 5 6 730
Unknown 1 51

Intensity§
Low-moderate 2 327
Moderate 13 1528
Moderate-high 16 1926
High 2 389
Unknown 3 525

(continued)

Table 1. (continued)

Characteristic
No. of

studies

No. of
participants in

the studies

Typek
Aerobic exercise 12 1374
Aerobic þ resistance exercise 16 2253
Resistance exercise 5 774
Resistance þ impact exercise 4 332

Mean session duration¶
0–30 min 10 1486
>30–60 min 19 2479
>60 min 4 502
Unknown 2 137

Outcome measure
Fatigue 31 4366
Aerobic fitness 21 2742
Upper body muscle strength 19 2546
Lower body muscle strength 18 2258
Quality of life 34 4519
Physical function 34 4519

*nþ2, because two (29–32) RCTs included patients with breast and colon cancer

with separate reports.

†nþ1, because one RCT (31) included both a supervised (2 times per week) and

an unsupervised (5 times per week) exercise study arm.

‡nþ1 because one RCT (33) included both a usual care and an attention control

group.

§nþ2, because one RCT (31) included a moderate intensity and moderate-high

intensity study arm, and another RCT (34) included both a moderate and a vigor-

ous intensity exercise study arm.

knþ3, because one RCT (31) had combined aerobic and resistance exercise study

arm and an aerobic exercise study arm, one RCT (35) had an aerobic exercise

and a resistance exercise study arm, and one RCT (23) had a combined resis-

tance and aerobic exercise study arm and a combined resistance and impact

loading exercise arm.

¶nþ1 because one RCT (31) had a study arm with 30 min/session and one with

60 min/session.R
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Additionally, regression coefficients, 95% confidence intervals
(CI), and corresponding P values of the interaction term were ex-
amined. In case the model improved statistically significantly
by adding the interaction term or in case the interaction term
was statistically significant, stratified analyses were conducted
for intervention timing and for subgroups of baseline fatigue,
aerobic fitness, UBMS, LBMS, QoL, and PF. For two-way interac-
tions, we considered P� .05 as statistically significant. For
three-way interactions, we chose a cutoff of P� .10 to reduce
the risk for missing potential moderator effects. For the strati-
fied analyses, we categorized the baseline values into four
groups of SD scores (<-1 SD vs -1 SD to mean vs �mean to 1 SD
vs >1 SD). The SD scores can be translated to the scores of the
original measurement instrument of interest. All analyses were
adjusted for age, sex, and cancer type. Because supervised exer-
cise showed to have greater effects on all outcomes compared
with unsupervised exercise (4,6,7), we conducted sensitivity
analyses in the subgroup of patients who had received a super-
vised exercise intervention. All statistical tests were two-sided.

Results

Baseline values of fatigue, physical fitness, QoL, and PF are pre-
sented in Table 2. As also reported previously (4,6,7), linear
mixed model analyses showed that exercise statistically
significantly reduced fatigue (b¼�0.17, 95%CI¼�0.22 to �0.12,
P< .001; I2 ¼37.8%, P¼ .02) and improved aerobic fitness
(b¼ 0.28, 95%CI¼ 0.22 to 0.33, P< .001; I2¼81.0%, P< .001), UBMS
(b¼ 0.18, 95%CI¼ 0.13 to 0.24, P< .001; I2¼65.6%, P< .001),
LBMS (b¼ 0.27, 95%CI¼ 0.22 to 0.33, P< .001; I2¼84.7%, P< .001),
QoL (b¼ 0.15, 95%CI¼ 0.10 to 0.19, P< .001; I2¼18.1%, P¼ 18), and
PF (b¼ 0.18, 95%CI¼ 0.13 to 0.23, P< .001; I2¼38.1%, P¼ .01) over-
all compared with the control condition.

Three-way interactions were statistically significant for aer-
obic fitness (Pinteraction ¼ .04), UBMS (Pinteraction ¼ .10), LBMS
(Pinteraction ¼ .05), and QoL (Pinteraction ¼ .07) but not for fatigue
(Pinteraction ¼ .89) and PF (Pinteraction ¼ .65) (Table 3). These inter-
actions indicate that the moderator effects of the baseline val-
ues of aerobic fitness, UBMS, LBMS, and QoL differed between
exercise interventions offered during vs post cancer treatment,
whereas they did not differ for fatigue and PF.

Across intervention timing, baseline PF statistically signifi-
cantly moderated the exercise intervention effect on PF
(Pinteraction ¼ .003), and baseline fatigue statistically significantly
moderated the exercise intervention effects on fatigue
(Pinteraction ¼ .05) (Table 3). The exercise intervention effect on PF
was statistically significant when baseline PF was less than 1 SD
greater than the mean (Table 4 and Figure 1). The exercise inter-
vention effect on fatigue was statistically significant when base-
line values of fatigue were at least 1 SD less than the mean.

For exercise interventions during treatment, we found that
the exercise intervention effect on aerobic fitness was moder-
ated statistically significantly by its baseline value (Pinteraction ¼
.002, Table 3) such that patients with low baseline aerobic fit-
ness (�1 SD below mean) did not statistically significantly bene-
fit from the exercise intervention, whereas greater and
statistically significant benefits were found in patients with
higher aerobic fitness at baseline (Table 4; Figure 2).

For exercise interventions posttreatment, baseline values of
UBMS (Pinteraction < .001), LBMS (Pinteraction ¼ .01), and QoL
(Pinteraction < .001) statistically significantly moderated the exer-
cise intervention effects (Table 3). Stratified analyses of the ex-
ercise intervention effects post-treatment showed greaterT
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effects on UBMS and LBMS for patients with baseline values less
than the mean, whereas effects on QoL were particularly pro-
nounced for patients with baseline values of at least 1 SD less
than the mean (Table 4; Figure 3).

Results of the sensitivity analyses in patients who had re-
ceived supervised exercise interventions were only slightly dif-
ferent. The moderator effect of the baseline value of aerobic
fitness during cancer treatment was less pronounced (binteraction

¼ 0.07, 95%CI ¼ �0.01 to 0.16, P¼ .08) (data not shown).
Additionally, for UBMS, the difference in the moderator effect of
baseline values between interventions during and post cancer
treatment was greater (b3-way interaction ¼ �0.21, 95%CI ¼ �0.32 to
�0.09, P< .001), but it did not change the conclusions.

Discussion

In this IPD meta-analysis, we investigated whether the effects
of exercise interventions during treatment on fatigue, physical
fitness, QoL, and PF were equally effective across patients with
different baseline values, and whether the effects of exercise
interventions on these outcomes post-treatment were greater
in patients with worse baseline values. We found that baseline
values did not statistically significantly moderate the exercise
intervention effect on these outcomes during cancer treatment
except for aerobic fitness. For exercise interventions post cancer
treatment, baseline values of UBMS, LBMS, and QoL moderated
the exercise intervention effect on these outcomes, with stron-
ger effects in patients with worse baseline values and no statis-
tically significant benefits for patients with baseline values
more than 1 SD greater than the mean. For aerobic fitness, we
found greater effects of exercise interventions during treatment
in patients with higher baseline aerobic fitness, whereas base-
line values did not moderate the exercise intervention effects
post-treatment. Greater effects on fatigue and PF were found for
patients with worse baseline fatigue and PF both during and
post-treatment.

Our findings may have important clinical implications for
identifying which subgroups of patients may benefit the most
or least from exercise during and post cancer treatment for
these specific outcomes. Although exercise should be encour-
aged for most patients with cancer (66), our results indicate that
depending on the aim of the exercise intervention, certain sub-
groups of patients may not gain benefits for certain outcomes.

Exercise interventions during treatment are effective in main-
taining UBMS, LBMS, and QoL, regardless of the baseline value.
Offering exercise interventions post treatment to patients with
a relatively high UBMS, LBMS, and QoL (>1 SD greater than the
mean on respective measures) does not appear to further im-
prove these outcomes. A previous RCT in patients with lym-
phoma during or post chemotherapy also found greater effects
on QoL in patients with lower baseline values (21), but this study
did not disentangle differences in the moderator effects across
timing of intervention delivery.

Our finding that exercise interventions during cancer treat-
ment showed better effects on aerobic fitness in patients with
higher baseline aerobic fitness was unexpected and counterin-
tuitive. The stratified analysis showed, however, that it was
only patients with values lower than 1 SD below the mean who
did not benefit statistically significantly. This finding suggests
that a minimum level of aerobic fitness may be needed to ob-
tain an aerobic fitness response to an exercise intervention dur-
ing cancer treatment. Perhaps, despite often being tailored to an
individual’s capacity, exercise interventions during intensive
cancer treatments may be too difficult for patients with low aer-
obic fitness, resulting in lower adherence. Previous studies have
found aerobic fitness to be a predictor of exercise adherence
during chemotherapy (67–69). Lower adherence to exercise dur-
ing chemotherapy in patients with lower aerobic fitness may be
caused by more comorbidities, toxicities, illness, or fatigue
(67,69,70), as well as by limited exercise history (71) or low mus-
cle strength (69). This may particularly be the case for unsuper-
vised exercise, because our sensitivity analyses indicated that
the moderator effect of baseline aerobic fitness was less pro-
nounced for supervised exercise. A second possible explanation
may be an inadequate exercise stimulus to improve aerobic fit-
ness, either because exercise specialists may be too conserva-
tive when tailoring the exercise intervention to patients with
low fitness during treatment, or because, related to variations
in methods used to prescribe exercise intensity, patients may
not be able to reach prescribed intensity targets (72,73). Future
studies should clarify if and how patients with low aerobic fit-
ness can adhere to and benefit from exercise interventions dur-
ing cancer treatment. They should study how to better tailor
exercise interventions during treatment to patients with low
aerobic fitness, or whether it is better to offer these patients an
aerobic exercise intervention after completion of cancer treat-
ment, as this was shown to be effective for patients with

Table 3. Moderator effects of baseline values on the exercise intervention effect on outcome measures for the total group or stratified for inter-
ventions during and post cancer treatment in case of statistically significant moderator effect of timing

Outcome measure

Three-way
interaction

Moderator
effect in total group

Moderator
effect during cancer

treatment
Moderator effect post

cancer treatment

P* binteraction (95%CI) P* binteraction (95%CI) P* binteraction (95%CI) P* binteraction (95%CI)

Fatigue .89 0.007 (�0.10 to 0.11) .05 �0.05 (�0.10 to 0.000) – – – –
Aerobic fitness .04 �0.11 (�0.22 to �0.004) – – .002 0.11 (0.04 to 0.18) .95 0.002 (�0.08 to 0.08)
Upper body muscle

strength
.10 �0.10 (�0.21 to 0.02) – – 1.00 �0.00 (�0.09 to 0.09) <.001 �0.11 (�0.17 to �0.05)

Lower body muscle
strength

.05 �0.12 (�0.24 to 0.002) – – .57 0.02 (�0.06 to 0.10) .01 �0.10 (�0.18 to �0.02)

Quality of life .07 �0.09 (�0.19 to 0.006) – – .38 �0.03 (�0.11 to 0.04) <.001 �0.13 (�0.19 to �0.06)
Physical function .65 �0.02 (�0.12 to 0.08) .003 �0.07 (�0.12 to �0.03) – – – –

*P values were calculated using a two-sided likelihood ratio test and examining the interaction term of the linear mixed model analyses. Analyses are adjusted for age,

sex and cancer type. CI ¼ confidence interval.
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various baseline fitness levels in the current meta-analysis. The
discrepancy between findings for muscle strength and aerobic
fitness may indicate that it is more feasible for patients with

low muscle strength to perform resistance exercises during can-
cer treatment than for patients with low aerobic fitness to per-
form aerobic exercises.

In contrast to objective measures of physical fitness, greater
exercise intervention effects were found for self-reported PF for
patients with worse baseline values, regardless of intervention
timing. Although physical fitness and PF are related, they are
not the same constructs and may therefore produce different
results (74). Our data suggest that exercise interventions may
improve patient reports of PF during and post cancer treatment
in patients with low PF, whereas the influence of the patient’s
objectively assessed baseline muscle strength and aerobic fit-
ness on the intervention effects on these outcomes differed
across intervention timing. This nonlinear relationship between
objective functional capacity (ie, physical fitness) and patient-
reported performance (ie, physical function) indicates that im-
proved capacity is not necessarily a prerequisite for improved
patient-reported functioning (75) and that improving PF may
also require behavioral changes, adaptations to the physical en-
vironment, or support from the social environment (76).
Additionally, symptoms such as fatigue may also influence self-
reported functioning, regardless of physical fitness (77).

Our finding that patients with worse baseline fatigue had
greater fatigue reductions supports results of previous explor-
ative studies in patients who completed cancer treatment
(20,22) and in patients during androgen deprivation therapy
(23). This finding highlights the importance of targeting sub-
groups of patients whose fatigue is 1 SD worse than the mean
value, because they may benefit the most from exercise with re-
spect to fatigue. Results showed that exercise will neither bene-
fit PF of patients with high baseline values (>1 SD greater than
mean) nor will it benefit fatigue in patients with low symptoms
of fatigue (<1 SD less than mean). Obviously, post cancer treat-
ment, there is no or little room for improvement in these symp-
toms if they are not present or only marginally present. Perhaps
during treatment, patients with no or minimal symptoms (often
post-surgery) are not prone to developing them, and therefore,
no statistically significant preventive effects of exercise are
found for these measures. The lack of appropriately targeted
interventions in previous studies may have underestimated the
effects of exercise, particularly on fatigue and PF, and post-
treatment. Future studies should therefore consider targeting
exercise interventions to specific subgroups of patients. More
recent exercise studies have begun to target patients with
symptoms such as arthralgia (78) and fatigue (79) and to tailor
exercise prescriptions to key physiological characteristics, such
as bone health and muscle strength (80).

Strengths of this IPD meta-analyses include the large sample
size, allowing us to assess the moderator effects with interac-
tion tests, using uniform analytic procedures across all RCTs,
and to conduct subsequent stratified analyses. However, some
caution is warranted in generalizing these results to all patients
with cancer. The IPD study population may be somewhat biased
toward patients with breast cancer and those who are more in-
terested in exercise and may have fewer comorbidities (81), less
fatigue (32,81,82) and distress (83), and higher QoL (82).
Additionally, this paper focused exclusively on fatigue, physical
fitness, QoL, and PF. Moderator effects of baseline values of
other relevant outcomes, including depression, sleep, and men-
opausal symptoms, and long-term health outcomes (eg, cardio-
vascular risk, cancer recurrence, and survival) should be
investigated in future studies. Finally, there was considerable
heterogeneity in the content of the exercise interventions, the
measures to assess the outcomes with potentially different

Figure 1. Exercise intervention effects on physical function (black bars) and fa-

tigue (white bars) during and post cancer treatment, stratified for subgroups

based on preintervention standard deviation (SD) score. Results were obtained

using linear mixed model analyses with a two-level structure (1: patient, 2:

study) to consider the clustering of patients within studies by using a random

intercept on study level.

Figure 2. Exercise intervention effect on aerobic fitness during cancer treatment,

stratified for subgroups based on preintervention standard deviation score.

Results were obtained using linear mixed model analyses with a two-level struc-

ture (1: patient, 2: study) to consider the clustering of patients within studies by

using a random intercept on study level.

Figure 3. Exercise intervention effect on upper body muscle strength (black

bars), lower body muscle strength (white bars) and quality of life (dashed bars)

post cancer treatment, stratified for subgroups based on preintervention stan-

dard deviation score. Results were obtained using linear mixed model analyses

with a two-level structure (1: patient, 2: study) to consider the clustering of

patients within studies by using a random intercept on study level.
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psychometric properties and responsiveness, and the types of
cancer treatments. Therefore, our findings on moderator effects
of baseline values should be confirmed in large single studies
with homogeneous patient populations, uniform treatment pro-
tocols, and validated outcome measures.

In conclusion, the effects of exercise interventions post cancer
treatment on UBMS, LBMS, and QoL appear to be greater in
patients with worse baseline values, whereas exercise interven-
tions during cancer treatment are equally effective for these out-
comes regardless of baseline values. This finding indicates that,
when using exercise for rehabilitation after cancer treatments, it
may be useful to target specific exercise interventions to patients
with low muscle strength and poor QoL. Likewise, when aiming
to benefit fatigue and PF during and post cancer treatment, exer-
cise interventions should be targeted to patients with high levels
of fatigue and low levels of PF, because they show the most bene-
fits on these outcomes. Further research is necessary to identify
how to improve aerobic fitness in patients with low aerobic fit-
ness during cancer treatment. Although exercise is likely benefi-
cial for most patients with cancer, exercise interventions targeted
to specific subgroup of patients stand to have the greatest impact
on patient outcomes and the highest cost-effectiveness.
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