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Abstract

Purpose The effects of aerobic exercise interventions for reducing fatigue after cancer treatment are well-established, and the
effect of resistance training remains uncertain. Therefore, this systematic review and meta-analysis aim to analyze the effect of
resistance training and combined resistance and endurance training on cancer-related fatigue (CRF) in breast cancer patients.
Methods A systematic search for randomized controlled trials (RCTs) was conducted on the PubMed, SPORTDiscus,
Embase, and Cochrane databases, focusing on the effect of supervised resistance training and combined supervised resist-
ance and endurance training on CRF. Random-effect models were employed for calculating the standardized mean differ-
ence (SMD). Risk of bias was assessed with risk of bias 2 (RoB2), and certainty of evidence was judged according to the
GRADE approach.

Results A total of 9 RCTs with 1512 participants were included, and data from 866 participants in 8 RCTs were used for the
meta-analysis. The risk of bias was deemed low in seven studies, while one study exhibited attrition bias, and one showed
possible selection bias. Resistance training probably reduce the total fatigue (SMD= —0.30, 95% CI —0.52, —0.08, p=0.008),
with individual studies showing small effects on physical and emotional CRF. A combined resistance and endurance training
reduce total fatigue (SMD= —0.34, 95% CI —0.51, —0.17, p= 0.0001), with individual studies indicating moderate effects
on physical fatigue, in daily life fatigue, and small effects on emotional and cognitive CRF.

Conclusion Both supervised resistance training and combined resistance and endurance training have a small effect on total
CREF. There is a trend towards an influence of intensity, with higher intensity potentially resulting in lower total CRF.

Keywords Breast cancer - Cancer-related fatigue - Resistance training - Endurance training

Introduction burdensome side effect is cancer-related fatigue (CRF). CRF

affects 56-95% patients with breast cancer during chemo-

In the year 2022, 2.3 million people worldwide were diag-
nosed with breast carcinoma [1, 2]. The prognosis varies
based on the cancer stage at the time of diagnosis, with a
recurrence incidence after 5 years of less than 3% for patients
in stage I and between 37 and 47% for those in stage III [3].
Treatment guidelines recommend a combination of surgery,
chemotherapy, radiation therapy, and systemic adjuvant ther-
apy [4]. These various medical interventions are associated
with a multitude of adverse effects [5, 6]. One particularly
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therapy and is accompanied by impairments in daily life
[7-9]. Moreover, CRF is characterized by excessive exhaus-
tion unrelated to physical activity and disproportionate to
prior efforts [10]. CRF combines physical symptoms with
cognitive impairments, affecting concentration, attention,
and daily motivation, while also encompassing emotional
issues like exhaustion and mood swings [11, 12]. Forty per-
cent of the patients continue to experience excessive fatigue
after completion of therapy [8, 13]. The development of this
side effect correlates with physical, psychological, social,
cognitive, and behavioral factors [13]. Additionally, associa-
tions with physical activity have been identified, as well as
links to mitochondrial dysfunction and dysregulation of the
hypothalamus—pituitary—adrenal axis [8, 14—16].

Given these circumstances, the importance of physical
activity during cancer treatment is increasingly emphasized.
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It could be demonstrated that higher levels of activity are
associated with enhanced quality of life [17-20]. Resistance
training, in particular, plays a significant role. It prevents the
development or progression of sarcopenia [21] and triggers
a transient change in sex hormones, insulin, inflammatory
cytokines, and stress hormones [22]. Patients report on a per-
sonal level an improved subjective energy level and reduced
stress [23]. Considering the current state of research, there is
a clear endorsement of physical activity and training during
chemotherapy, radiation therapy and even in cancer-survi-
vorship [19, 20, 24]. This review focuses on chemotherapy,
due to the extensive systematic side effects, especially on
the muscular level [21], and the high prevalence rates of
CREF. Patients undergoing chemotherapy often tend to reduce
their physical activity, leading to a loss of muscle strength
and alterations in the cross-sectional area of type I muscle
fibers [15, 21]. Additionally, patients treated with anthracy-
clines exhibit lower strength and increased muscular fatigue,
attributed to the mode of action causing muscle atrophy, a
lower number of satellite cells, and a reduction in motor
innervation [21, 25]. In the Cochrane review by Cramp and
Byron-Daniel, while a reduction in fatigue was observed
with aerobic training before and after cancer treatment, no
clear statements regarding resistance training and its dos-
age were provided at that time [24]. A closer examination
reveals that most studies on CRF interventions are conducted
after the completion of medical treatment, despite the high
prevalence during chemotherapy administration [7, 8, 14,
15, 26]. The aim of this work is to investigate the impact of
resistance training and the combination of resistance and
endurance training on the development or manifestation of
CRF when the intervention is implemented during chemo-
therapy in breast cancer patients.

Methods

The execution and reporting of this systematic review adhere
to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Protocol [27] and was registered
in Prospero under the ID CRD42023444998.

Eligibility criteria

Randomized controlled trials (RCTs) investigating the
impact of resistance training or combined resistance and
endurance training on cancer-related fatigue (CRF) in
breast cancer patients during chemotherapy are included.
The study includes participants aged 18 to 85 undergoing
neoadjuvant or adjuvant chemotherapy for breast cancer,
across all stages, including metastases. Participants should
have no contraindications for resistance training or the com-
parison intervention and must be physically and cognitively
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capable of following the supervising therapist. The interven-
tion involves (a) supervised resistance training or (b) the
combination of supervised resistance training and endur-
ance training, with results compared with a control group.
Exclusion criteria encompass participants under 18 or over
85 years, breast cancer survivors, other treatments (e.g.,
radiation or anti-hormone therapy, or combined chemother-
apy and radiation), and any other cancer types (e.g., lung or
colon cancer). Additionally, any intervention not involving
supervised resistance training or the combination of resist-
ance training with endurance training leads to exclusion.
Non-RCT study formats and supervised endurance training
only are excluded, as a meta-analysis by Medeiros Torres
et al. has already covered the latter during chemotherapy
[28]. All individual studies had received approval from their
local ethics committees.

Search strategy

This systematic review includes studies published from
1994 until September 19, 2024. Systematic searches were
conducted in PubMed/Medline, SPORTDiscus/EBSCO,
Embase, and Cochrane databases until September 2024.
No language limitations were applied. Reference lists of
identified systematic reviews and meta-analyses were also
examined for relevant RCTs [28, 40]. The search included
all published studies from the inception of the database up
until September 19, 2024.

Selection process

Two authors (OK, JL) independently conducted data
searches and article selection according to inclusion crite-
ria. Screening of titles was followed by abstract screening,
removing irrelevant articles and duplicates. The authors then
read the full text of pre-selected studies to assess whether
inclusion criteria were met. Data from included studies
were recorded in a spreadsheet. OK and JL independently
extracted data from the included studies, and conflicts not
attributable to extraction errors were resolved by KB.

Data extraction and analysis

During data collection, factors such as intervention groups,
control groups, population characteristics divided in poten-
tial demographic moderators (including age, marital status)
and potential clinical moderators (including weight or body
mass index (BMI) and cancer stages), intervention factors
(e.g., duration and intensity of the intervention), and fatigue
scoring before and after the intervention were analyzed.
Extracted information was used to create tables detailing
the features of included studies and changes in CRF during
interventions.
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Statistical analysis

For statistical analysis, data on CRF development for both
intervention and control groups were extracted as the final
mean at the end of the intervention, along with the corre-
sponding standard deviation and the number of participants
in each group. Studies not reporting data for the end of the
intervention were not included in the meta-analysis, but
individual values were reported narratively. The meta-anal-
ysis was performed using the RevMan Web program (The
Cochrane Collaboration, 2022) [29]. The random effects
model was utilized to calculate the standardized mean differ-
ence and the corresponding confidence interval, set at 95%
CI. A significance level of p <0.05 indicates a statistically
significant difference. Heterogeneity was assessed using 2,
following Cochrane Handbook for Systematic Reviews cat-
egories, where I values of 0%, 25%, 50%, and 75% repre-
sent no, low, moderate, and high heterogeneity, respectively.
Results were pooled using the standardized mean difference
(SMD) with a 95% confidence interval. An SMD of 0.2 rep-
resents a low effect, while an SMD of 0.5 indicates a mod-
erate effect, and an SMD > 0.8 is considered large. If no
effect size is reported in individual studies, the effect size is
calculated using Cohen’s d from the available data. Cohen’s
d is assessed similarly to the standardized mean differences.
Studies using the Functional Assessment of Chronic Illness
Therapy-Fatigue (FACIT-F) or the Functional Assessment
of Cancer Therapy-Anemia (FACT-An) for assessment con-
verted values to negative, as their scoring is inverse to the
scoring of other assessments, where higher values indicate
lower CRF.

Quality assessment

Methodological quality assessment is conducted using
GRADE (Grading and Recommendations, Assessment,
Development, and Evaluation). The following areas are
evaluated: risk of bias (via RoB 2), indirectness, inconsist-
ency, imprecision, reporting bias, effect size, dose—response
relationship, and direction of residual confounding. Possi-
ble assessments include “very low,” “low,” “moderate,” and
“high.”

Results
Study selection

The search resulted in a total of 769 articles across the
specified databases. After removing duplicates, 388 stud-
ies remained for screening, where titles and abstracts were
examined based on the defined inclusion and exclusion cri-
teria. This led to the exclusion of 365 studies (see Fig. 1).

After full-text screening, 9 RCTs were included in this sys-
tematic review [30-38] conducted in Canada (2007, 2013)
[30, 31], Germany (2015, 2024) [32, 33, 37], Portugal [38],
the Netherlands (2015) [34, 35], and Sweden (2018) [36].
All interventions were supervised.

Study characteristics

Overall, the review encompasses results from 1512 patients
with an average age range of 49 to 56 years [30-38]. All
studies assessed CRF values before, during and after
ongoing chemotherapy. The meta-analysis includes data
from 866 participants across 8 studies, as only the partici-
pants from the resistance training and control groups were
included, reducing the total number of participants to 866
[30, 32-38]. Three studies also assessed fatigue levels after
the end of chemotherapy [31, 35, 38]. The intervention
periods ranged from 12 to 20 weeks [30, 32-34, 36, 37]
or, in two studies, extended beyond the last chemotherapy
cycle [31, 35].

Four studies examined resistance training [30, 32, 33,
37] compared with control groups, and five studies com-
bined resistance training with endurance training [31,
34-36, 38]. Two studies implemented training educa-
tion [35, 36]. Control groups received standard care [30,
33-35, 37, 38] or a combination of standard care with
education [36]. One study used moderate endurance train-
ing as a control intervention [31]. Another study compared
the effect of resistance training with muscle relaxation
according to Jacobsen [32]. The characteristics of each
study are presented in Table 1.

Outcome measurements

Different assessments were utilized in the included studies
to analyze CRF. One study used the Fatigue Assessment
Questionnaire [32]. The Multidimensional Fatigue Inven-
tory (MFI) was used by three studies [33-35]. Two of the
three author groups additionally used the Fatigue Quality
List in conjunction with MFI [34, 35]. The remaining studies
analyzed fatigue using the Functional Assessment of Can-
cer Therapy-Anemia Scale [30], Piper Fatigue Scale [36],
Functional Assessment of Cancer Therapy, the European
Organisation for Research and Treatment of Cancer Qual-
ity of Life Questionnaire-Core 30 [37, 38], and the Trial
Outcome Index-Fatigue [31]. Due to the diverse assessment
methods, different fatigue values and domains are presented
in the randomized studies. The authors captured values for
total fatigue, physical fatigue, emotional/affective fatigue,
and cognitive fatigue for this systematic review, as depicted
in Tables 2 and 3. Due to the varied assessment methods,
effect sizes are compared.
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Fig. 1 Flowchart
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Comparison of interventions

All studies differ in the dosage of resistance and endur-
ance training (see Table 4). For example, Mijwel et al.
employed higher-dose resistance training (70-80% of esti-
mated one-repetition maximum (1 RM)) combined with
3% 3 min high-intensity interval training (HIIT) at a rate
of perceived exertion of 16—18 [36]. In contrast, Travier
et al. used an intensity range of 45-75% of 1 RM com-
bined with interval training changing in intensity below
the ventilatory threshold [34]. Van Waart et al. imple-
mented resistance training with 2 X 8 repetitions at 80%
of 1 RM and 30 min of endurance training at 50-80%
of maximum workload [35]. Courneya et al. dosed their
combined resistance and endurance training with 2 sets

@ Springer

of 10-12 repetitions at 60-75% of 1 RM and 75 min of
aerobic endurance training per week [31]. The intensity
of endurance training was not specified in this study [31].
In contrast to the others, Antunes et al. used the 12 rep-
etition maximum for 3 sets in combination of an aerobic
endurance training on 65 to 85% heart rate reserve [38].
In summary, two strategies were selected in the described
studies [31, 34-36, 38]. On one hand, endurance training
was conducted according to the HIIT (high-intensity inter-
val training) principle with higher subjective exertion [36].
On the other hand, training at the aerobic threshold was
chosen [31, 34, 35, 38]. Even in studies where resistance
training alone was performed, the intensities varied, but
they all fell within the hypertrophy and strength gain range
[30, 32, 33]. Schmidt et al. conducted resistance training

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



721

Page 50f 19

(2024) 32:721

Qoudjedwod [e39] ON -

asnqe doueIsqng -

SOSBISLION -
UOTJUSAIOIUT WOTJ

1rede yoom/y g uey) 210w

Kyanoe TedrsAyd asuajuy -
Kyanoe 1earsAyd Suniqry

-01d SOSBISIP JTUOIYD DIGAJS -

QSBASIp JB[ND

-SBAOIPIE) IO JeIpIed AI2AS -

%ST Al -uaym papnjoxy
%6 11 sarreuuonsanb pue jooojo1d
%S ce 11 Apms pueisropun o) AN[Iqy -
%08 I JUISUOD POULIOJUT UNLIM -
INITY %01 0 ¢>sm
%08—0L @ CI—8XT sagelg -e1s dduewtioprd DO -
Kq pamorjoj sdox 100U Jsealrg uors
SI=0T X[ & S9sIoIoxa 69¥C DD - (89-62) SE'LY DD - -N[oUl 910J9q SY39M T[—9 (€]
L ‘dn-wirem uru-o7 6LTC DI - (89-82) SS°8¥ OI - urgm voneredQ - ¥20¢
SOX UMW ()9—G oM/ X SYoam 7| (;w/3Y) NG (e3ueI) sreok 93y STBOA § < ‘USUWIOM - ov ‘[& 39 pue[Ion
papnjout
SISA[eue SI0)
-ejouw Uy s1ojowrered Sururely, porrad uoTuUSAIIUT SI0JEIOpOW [edIUl]) -eropowr oryderSowa(y uorsnpoxd/uorsnouy] - syuedronred Kpms

Supportive Care in Cancer

sonsusjorIeyd Apmis | 3jqer

pringer

As

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



(2024) 32:721

Supportive Care in Cancer

SIYO0[q-819q Jur
-UTBIUOD UOTIBIIPAW [BNS() -
(AyyedoAworpIed
‘QIn[Iey 1189y 9ANSOSU0D
‘UON)OIBJUI [RIPIBOOAUL) JSBD
-SIp 1189y JUBOYIUSIS UMOUY -
Koueu3ai{ -
Juowaoe[dar Aouaroyop
UTWEIIA JO/pUe UOII I0/pue
UoISNSULT) YIIm 9[qeIdal
-100Un (Ip/3 § > uIqo[3
-OWAY) BILIAUL IIAQS -
smI[ow
sojoqeIp payesuadwood(J -
3u1)$9) 9SIOIXD [eW
-IXBW 0} SUOTBIIPUIRIIUOD) -

[USYM PapNIOXy
INY T1 X ¢ 01 Sut dnoi13 jonuoo 10
-SBQIOUl PEO[ 1SAMO] dnoi3 uonuoaolur 03 UOT)
@ 0] X T ‘S9SI0Ioxd -ezruopuelr Jo 9oueydosoy -
07 :Sururen ooue)SISOY JUISUOD
M¥H Jo pawtojur ap1aoid 03 9[qy -
%68-G9 @ Sururen 9SI0IAXA JO
QoUBINPUL UTW-()7 Qonoead ay) 10§ 3S130[00UO
IM M 7 I9e M JUBJSISSE AU} JO JUASUOD) -
T K1ono urur ¢ Sut %Y e T H/ONAHD
-ppe ‘un (O€-0g %S08 11 oy Je oI A50[00UQ €D
:Sururen o1qoIoy %1GT 1 -IPIIAl 23 e dn-moj[o -
UMOp [000 Ut G ‘Sut $a3e)s Jo0uRD ISeaIyg Kdeloyowrayd
-ures) QOUBINPUD pue 78°9F69°87 0N - $S6FT0IS DN - jueAn(pe Jo jueAn[peoay -
9OUB}SISAI paulquiod on JuswIssasse CEYFY69CI - EF'6F 996y - 190URd ISBAIq DI~V 95eIS - [8€] €20t
sak ‘dn-wrem utw-QJ—¢ I 1T JI9)Je SYOIM ()T (;u/3)) INg s1eak oSy PIO SIeaA Q] < USWIOM - €6 Te 30 seumuy

Page 6 of 19

papnjour
SIsA[eue SI0)

721

-

[

o0

g

-ejow uJ s1o1owered Sururel], suLre Apnig potad uonuaaIu] s1ojeropow [eowur)) -erepowr oryderdowa uorsnjoxduorsnpou] - syuedronreq Apnig 2
2

Sl

(ponunuoo) | sjqey

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



721

Page 7 of 19

(2024) 32:721

Yoom
/X ¢ Kyranoe TeorsAyd
utw-()¢ e[ 18 ‘KIS
-UQJU MOJ “9SI0IOXD

QWIOH :9AOJN-0JUQ) -
(xeur)

PEOIOM %(08-0S @
Sururern oouBINPUD

%08 JN
%S SAON-00UQ)
%19 J¥ORILUO
uoneonpa AIenIaj,
%29 ON
%09 2AOJN-00UQ
%86 FOeILUO
1973030y
SUIAT[/pOLLIEA
%ST 2N
%11 AOIN-00UQ)

yong ur juany
JoN -swepqoid 2AnmuSoo 10
oreryoAsd snorrog—uon

-Ljnuew woly SuLeyng -
SUOIIPUOd
KreuowndorpIed ‘renosea

urw-O¢ + Wy 1 %81 YorITUQ  -OIpIed O1padoylio snoLIag -
%08 @ sdox %Ly 111 MopIm ‘uayMm popn[oxXy
8§ X 7 & sdnoid on - %Ly 11 /PO2IOATP/Q[3UIS panpayos Aderayjoway) -
Jrosnwi 9 U ()| QAOIN-00UQ) - -Owayd JO Pud Y} %9 1 1'6FL0S I90ued JseaIq Arewtid
S9K ‘M/X T PRILUQ - MoRITUQ - JA)JR SYIIM ¢ 0) dI0Jog $93®)s J90uR Jsearg s1eaA ‘a3 pauLIyuod A[[eo130[0ISTH - ‘Te 39 1IeRAN UBA
asned aarssed 10
9ANR UIW-] ‘§[-9]
Hd¥ LIIH U €X ¢ %99 DN
‘ST—¢T Hd Y Sur %LY9 LIIH-LV
-ureI) 9OUBINPUD %9°'L9 LITH
utw-Og SLITH-LV -1 uonednpa Arenia],
osned oAIS %9'69 DN Sunyeads ysipamg JoN -
-sed 1o 9AT}OR UTW | %L'6S LITH-LV uonounysAp AT
‘81-91 4dd LIIH elII-1 %9'09 LIIH-I¥  -TuS00 ‘aseasIp Sunj/iIeay -
urw ¢ X ¢ + Y soge)s 100ueD Jsearg  paroulted 1O poLLIB]A SOSBISIP PAOUBADY -
[ %08-0L @ sdoy 0TIF1°6900N T01+977soN - ‘usym papnoxy
CI—8 X7 g sasIoxe  uonednpg +9N 0°C€T+LL9 LITH-ILV €01 ++¥S LITH-LV - Aderoypouwrayd pouue|d -
8 ‘UL ()9 YoM/ X T LITH-LY CTIFL89 LIIH-LY €01+LTS LITH-LY - 1ooued 3s821q B[ -
sok ‘LIIH-LY LIH-LY 3 ySrom SIedA 98y PIO SIB3A ()L —8T ‘USWIOM -
papnpout
SIsA[eue $10}
-BjoW U[ s1o1owered Sururely, sutre Apnig potrad uonuaaIu] sI0jeIopow [eorur)) -erspour oryderSouwag uorsnjoxad;uorsnpouy - syuedronreg

Supportive Care in Cancer

pringer

As

Content courtesy of Springer Nature, terms of use apply. Rights reserved.

(ponunuoo) | sjqey



(2024) 32:721

Supportive Care in Cancer

Page 8 of 19

721

Sururer 9oue)sIsal

urw-g¢—0¢ + Sururen ssau[[I
QOUBINPUD UTW-()E—GT %¢°0T ®BIIl o1neIyoAsd 1o oeIpIed ‘uors
INYT %6°1¢ Il %€ 99 dINOD -uarradAy pafonuodup -
%SL—09 @ sdoy BT YE I %¢€'L9 HOIH uopnonns
TI-01 X T © SOSIOIOXd %9°€e 1 %109 NVLS -U0J3I 2[OSNW SUIWOPQR
6 ‘Sururen oouBINPUD soSe)s JooueDd IseaIg uoneonpa AIenia} SNJOAT [EUTWOPQeSULI], -
Joam/uru ¢/ 1 gINOD - SYFTST ANOD %€'89 gINOD  A193ms Axeqirxe pdwoouy -
yead TOA %SL-SS 6'v+0'9C HOIH %¥"'€9 HOIH ‘uoym papnjoxy
381010%d S'SFSITNVLS %S'19 NVLS Adexoyy
O1qOIdB YOI /3y ‘TN polR]y  -owaypd jueAn(pe Sunenmy -
/uaro¢1 “HOIH - L'LIFTSL 9NOD 6+ 505 dINOD OIII-] o8els 100uED Jsearq -
Aead ZOA %SL—SS NVLS Aderoyrouwrayo TETF1'69 HOTH 8'8F 1'0S HOIH s1eak g1 <93y
skep ¢ uo dINOD 19)Je SHIM {—¢ TST+80L NVLS '8+ T6¥ NVIS ‘udwom Jueusaid-uou [1el €102
ON  oom/uru G/ :NVIS HOIH [Dun 210§oq syoom g¢—1 3 ySropm s1eak o3y Sunyeads-youarj/ysy3ug - 10€  Te 19 eAouino)
Yoom
/XT ‘WAL %Sy ®
0TXT+INYIT %SL %9 0¥ 09 <smels
@ 0IX] O INY | uoneonps ArenioJ, QouBWIONIR AYsjourey -
%S9 ® sdoy 01X ¢ %9'61 N Sunyeads yoin(g -
sdnoi3 oposnwr Jofewr %961 1 9s1019%9 [eo1sAyd
:Sururen ooue)sIsar I - J[Surg IO} UOTJEOTPUTEIIUOD ON] -
NOIM/ X T “‘pIoysaiy) 7S¥9970N %S YL ON SIeaK G ISk AU} UI JoUEd
KI07R[1JUSA JOpUN PyFYGTI %G L1 19Yylo AU J0f JuouIlean oy -
MH utw /X | 03 Sur AU/3Y TNG 91dno) Aderoyiowayd 10j ponNpayos -
-SBIIO9p Ulll 7 X ¢ 10 P'SIF09L0N 6'LFS6v 0N OIN 9518 ‘S)00m 9> SIS
Ui, Xg—uru gx ¢ on- TEIFYTLI T8FL6Y 1 -OUSEIp 1oduEd Jseald - [v€l s10C
sok :oouempuy J - I- SYoom QT 3 ‘WS s1eak o3y s1edk G/—G7 98y - 0T ‘Te 19 JSIARI],
papnjout
SIsA[eue SI0)
-ejouW Uy s1ojowrered Sururely, sure Apmg porrad uonuAIIUT SI0JEIOpOW [eJIUI]) -eIopowr oryderSowa(y uorsnpoxad/uorsnouy] - syuedronred Kpms

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



721

Page 9 of 19

(2024) 32:721

uMmop [00D
urw-g ‘41— 1 Siog
ur ()¢—Gg ‘dn-wrem
urw-()] ‘oyIq Areuon
-)S ‘Ul G “Yoam/X 7
<LH -
INYTU %0S ®
sdoy] (7 © SosIoIoX?

01 UIW-09 YoM/ X g

OF'STFE9LDS

SeTIFITLLIE

€8I F8YL 1Y

Aderoy) uoneipey -
urqojSoway
1p/3 8> ‘s1oparerd 00001 > -
SIOPIOSIP
[eo130[0INAU ‘AOUTOY
-Jnsur [euar Jo Areuowrnd
‘syjuow ¢ > uonoayur
TerpresoAur ‘[IT VHAN
“9SBASIP SNONOJYUI ANOY -
1UayM PopNoxXHq
ISTOTOXD
0) 90UBIE[D UBIOISAY{ -
s1eak ().—81 33V -
undoo

61 TIF+S DS -IoH pUEB SUBXE) JNOYIIM
ST'0T+9S 13 Aderoyjowayo unenmuy -
CCTIFES 1Y J90URD 1SBAIqQ YSLI

[e€l st0T

sok 21y - syoam 7] JYIOM s1eak ‘938y Y31y Jo -jeropow Arewnd - L9 RUERERLIRIN

(3[oaM/01M)
4 [ <) Sururen 91qoIoe 10
QOUB)SISAI QAISUIUL JTJBWI)

-sAs ur Sunedronied ApeaIyy -
ENZENI
jueuSI[eW JUILINOUOD
19130 Yym Jururer) oue

-1SISA1 10} UONBIIPUIRIUOY) -

[uayM popnoxyg
S1oq[eproH

SOSIOIOXD UOIIEXE[aI %1°T AL 0] 9WO0D 0} SSAUSUI[IM -
uIw-09 oM/ X g %S ST 11T [0ooj01d Kprus morjoy

DY - %TEY 11 pue pueisiopun o) KIqy -
NI T %6°8¢ 1 /3 81 <IN

%08—-09 @ sdo1 sa3e)s J00ueD ISearyg ‘s1e0k 1 <93V -
T1—8 X € B SISIOI0Xd 6 v FE97 D4 T0IFS €SO Awoyo9)seuwr/Awoydadwuny

8 ‘UIlL ()9 M/ X T 9yFLST XA 6'6FCTS XA  Iolye 1ooued Isealq Arewrid [zel s10C
sak Xd - syoam 7 (;W/3Y) INd s1eaf a3y powIuod [BJIS0[0ISTH - S6 ‘Te 32 Ipruuyds
papnpout
SIsA[eue SI0)

-ejouI Uy s1ojourered Jururedy,

potad uonuaaIu]

SIOJRIOPOW [BOTUI[D)

-e1opour oryderowa(q

uorsnjoxduorsnpou] - syuedronreq Apnig

Supportive Care in Cancer

(ponunuoo) | sjqey

pringer

As

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



721

Page 10 of 19

Supportive Care in Cancer (2024) 32:721

Table 1 (continued)

18

In meta-
analysis
included

Training parameters

Study arms

Clinical moderators Intervention period

Demographic modera-

tors

Participants Inclusion/exclusion

Study

Springer

yes

- AET: 3 x/week

- AET
-RET
-ucC

17 weeks +4
(95% CI, 9 to 24)

Weight (kg)

Age, years

- English-/French-speaking

242

Courneya et al.

endurance training
@ 60% VO2max

week 1-6,
70% week 7-12,

-70.6+14.3
BMI (kg/m?)
-26.6+5.5

- 49.2 (range 25-78)

Married

non-pregnant women,

Age>18 years
- Breast cancer stage I-1l1a

2007 [30]

Breast cancer stages

124.8%

STAN 63.6%

RET 57.3%
AET 71.8%

- Beginning of first-line adju-

80% after week 12

vant chemotherapy

Excluded when:

Start 15 min, increase

IIa40.9%
IIb19.8%

Tertiary education

by 5 min every
3 weeks up to

- Incomplete axillary surgery STAN 64.6%

- Transabdominal rectus

I al14.5%

RET 62.2%
AET 65.4%

45 min in week 18
- RET: 3 x/week, 9

abdominal muscle recon-

struction
- Uncontrolled hyperten-

exercises a 2 x 8—12
reps @ 60-70% 1

RM

sion, cardiac, or psychiatric

illness

W, weeks; d, days; reps, repetitions; I RM, one-repetition maximum; ES, effect size; RPE, rate of perceived exertion; HF, heart rate; EX, exercise group; RC, relaxation group; RET, resistance
training; AET, endurance training; UC, usual care; RT-HIIT, resistance training combined with high-intensity interval training; AT-HIIT, endurance training combined with high-intensity inter-
val training; I, intervention group; STAN, moderate intensity endurance training; HIGH, high-intensity endurance training; COMB, combined endurance and resistance training; R7, resistance

training; ET, endurance training; UC, usual care; HRR, heart rate reserve

with 3 sets of 8-12 repetitions at 60—80% of 1 RM [32].
Schmidt, Weisser et al. investigated the intervention with
a load of 10 exercises, each with 20 repetitions at 50% of
hypothetical 1 RM [33]. Courneya et al. dosed their resist-
ance training with 2 sets of 8—12 repetitions at 60-70% of
estimated 1 RM [31], and Gerland et al. used an intensity
of one set of 10 to 15 reps followed by 2 sets of 8—12 reps
at 70 to 80% h1RM [37].

Comparison of effect sizes

Overall, six studies reported effect sizes for the conducted inter-
ventions [30-32, 34-36]. One study only presents outcome
numbers of the Multidimensional Fatigue Inventory (MFI) pre-
and post-testing [31]. Another study presented only the post-
test results of the EORTC QLQ-C30 without any effect size
[37, 38]. Regarding the comparison of effect sizes, the included
studies were divided into two groups: the first analysis group
comprises studies with resistance training as the conducted
intervention [30, 32, 33, 37], and the second analysis group
includes all randomized studies that conducted a combination
of resistance and endurance training [31, 34-36, 38].

Effects of resistance training

In total, four out of the nine studies implemented resistance
training [30, 32, 33, 37], of which three studies determined
the adjusted mean change for total fatigue [30, 32, 37], and
one study assessed physical, emotional/affective, and cogni-
tive fatigue [32]. While one study achieved a small effect
(ES=0.45) regarding total fatigue [32], the effect of the
second study was very small (ES =0.12) [30]. The third
study did not report any effect size [37]. In the intergroup
comparison, the three studies did not show significant dif-
ferences. Combining the effect sizes for total fatigue results
in an overall effect of ES=-0.30 (95% CI—0.52 to—0.08)
(see Fig. 2). Examining the individual effect of resistance
training on physical fatigue revealed a significant difference
(p=0.05) between the intervention group and the control
group, with a small effect on physical fatigue (ES =0.45).
However, very small effects (ES =0.3 and ES =0.08) and no
statistical significance (p =0.41 and p > 0.99) were reported
for emotional/affective fatigue and cognitive fatigue, respec-
tively [32] (see Table 2). Due to insufficient data, no meta-
analysis was conducted for these domains.

Effects of combined resistance and endurance
training

In total, five studies implemented a combined interven-
tion of resistance and endurance training [31, 34-36, 38].
Each of the five studies investigated total fatigue, while

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Table 4 Intervention characteristics

Study Frequency Duration

Intensity Number of exercise

Gerland et al. 2024 [37] RT 2 X /week 45-60 min

Antunes et al. 2023 [38] RT+AT 3Xx/week Unknown

Mijwel et al. 2018 [36] RT+AT 2Xx/week 1h

Van Waart et al. 2015 [35] RT+AT 2Xx/week 40 min

Travier et al. 2015 [34] RT+AT 2Xx/week Unknown

2 X Iweek 1h
2 X /week 1h

Schmidt et al. 2015 [32] RT
Schmidt et al. 2015 [33] RT
Courneya et al. 2013 [31]

Courneya et al. 2007 [30] RT 3 % /week Unknown

RT+AT 75 min AT/week approx. 60 min

10-min warm-up 7

1x 10 — 15 reps followed by 2x 8-12 @
70-80% h1RM

5-10-min warm-up, 5-min cool down

20-30 min, @ 65-85% of HRR

+

2x 10 @ lowest load increasing to 3x 12RM

2x8-12 reps @ 70— 80% h1RM

+

3% 3 min HIIT RPE 16-18

2x8 reps @ 80% h1RM

+

40 min endurance @ 50-80% max workload

2x10reps @65% up to 1 x10 @ 75% 1 RM Major muscle
and1x20 @ 45% 1 RM groups + endur-

+ ance training

HR over (3 X2 min to2 X7 min) and under
(34 min to 1x7) ventilatory threshold

3x8-12 reps @ 60-80% 1 RM 8

20 reps @ 50% h1RM 10

2x10-12 reps @ 60—75% 1 RM 9
+
25-30-min aerobic training at 55-75% VO2

peak

2x8-12 reps @ 60-70% h1RM 9

10+ AT

8+HIIT

6+ AT

Reps, repetitions; hIRM, hypothetical one repetition maximum; min, minutes; HIIT, high-intensity interval training; RPE, rate of perceived exer-
tion; RT, resistance training; AT, aerobic training; VO2peak, peak oxygen uptake

three studies additionally examined physical and cogni-
tive fatigue [31, 34-36, 38]. Furthermore, one of the five
included studies analyzed daily life or behavior-related and
emotional/affective fatigue [36]. Regarding total fatigue,
one study only provides baseline values before the inter-
vention, making it impossible to calculate effect size and
therefore could not be included in the meta-analysis [31].
Combining the effects for total fatigue yields an effect
size of ES=-0.34 (95% CI-0.51 to—0.17) (see Fig. 3).
Comparing the effect sizes of the combined resistance and
endurance training interventions of the other three stud-
ies with control groups reveals an effect size range from
ES=-0.23 [34] to ES=-0.51 [36].

Two studies analyzed the effect of combined resistance
and endurance training on physical fatigue [35, 36] (see
Table 3). Statistically significant changes were achieved with
small (ES =—0.48; p=0.03) to moderate effects (ES =0.63,
p<0.001) [35, 36]. Regarding daily life-related or behavior-
related fatigue, a moderate effect with ES=—-0.62 (p <0.01)
was achieved. When considering emotional/affective fatigue,
the effect was lower (ES=—0.46; p=0.07), as was the effect
on cognitive fatigue (ES=-0.42; p=0.05 and ES=0.1;
p=0.44) [34, 35] (see Table 3). Due to the limited amount
of data and studies investigating physical, emotional, and

@ Springer

cognitive fatigue, no meta-analysis was conducted for these
subgroups.

Side effects of the intervention

Four studies reported no unwanted effects during training
[31, 32, 35, 36]. In four studies, no information regarding
unwanted side effects could be extracted [33, 34, 37, 38]. In
Courneya et al.’s study, participants reported various side
effects, including dizziness, hypotension, nausea, weakness,
and mild diarrhea, from which they quickly recovered [30].
They were all able to continue the study after the symptoms
had subsided [30].

Certainty and risk of bias

For the GRADE assessment, a total of nine studies were
included, divided into a resistance training group [30, 32, 33,
37] and a combined resistance and endurance training group
[31, 34-36, 38]. Limitations were imposed due to a wide con-
fidence interval and a low to moderate participant count (see
Table 5). The risk of bias was not considered severe. Due to
the nature of training interventions, blinding of participants
or intervention-conducting personnel is not possible. In seven

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Intervention Control Std. mean difference Std. mean difference Risk of Blas

Study or Subgroup Mean sD Total Mean sSD Total Weight IV, Random, 95% CI IV, Random, 95% CI A B CDTEF
Courneya et al. 2007 -36.3 9.4 76 -34.9 125 73 46.0% <0.13 [-0.45, 0.20] —— [ A N N N N
Schmidt, Weisser et al. 2015 10.55 322 21 12.38 35 26  13.8% -0.53 [-1.12, 0.05) @9 720808
Schmidt, Wiskemann et al. 2015 361 206 49 44 8 21 46 28.7% -0.41 [-0.82 , -0.01] — [ N N N N ]
Gerland et al. 2024 -8.8 266 19 3.5 329 19 11.5% -0.40 [-1.05, 0.24] —— ® 7209088
Total 165 164 100.0%  -0.30 [-0.52 , -0.08] -

Test for overall effect: Z = 2,67 (P = 0.008)
Test for subgroup differences: Not applicable
Heterogeneity: Tau® = 0.00; Chi# = 2,13, df = 3 (P = 0.55); I’ = 0%

Risk of blas legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias}
(D) Incomplete outcome data (attrition bias)

(E) Selective reporting (reporting bias)

(F) Other bias

Fig. 2 Effects of resistance training on total fatigue

out of nine studies, an intention-to-treat analysis was planned
despite a high dropout rate [ 30-32, 34-36, 38], with two
studies lacking this information [33, 37]. Due to the conducted
education in two studies, a potential educational bias can be
suspected, which could bias the results in a positive direction
[35, 36]. Overall, the certainty was judged as low.

Discussion

Our meta-analysis of 8 included studies, comprising a total
of 866 breast cancer patients, revealed a low effect on the
development and severity of overall cancer-related fatigue
(CRF) compared with control groups. Importantly, there
seems to be little difference between supervised resistance

1 05 0 05 1
Favours [experimental] Favours [control]

training and supervised combined resistance and endurance
training. These findings align with results from other sys-
tematic reviews and meta-analyses. For instance, the sys-
tematic review by van Vulpen et al. in 2016, which analyzed
the effects of resistance training and/or endurance training
similar to our review, showed a significant low effect size of
SMD=-0.22 (95% CI,—0.38 to—0.05) [39]. Their review
included 5 clinical studies with 784 participants [39]. Simi-
larly, Furmaniak et al. achieved a comparable outcome in
their review in 2016, encompassing 19 studies with 1698
women performing resistance and/or endurance training,
calculating an effect size of ES=-0.28 (95% CI, —0.41
to—0.16; p <0.00001) [40]. On the contrary, Medeiros Tor-
res et al. demonstrated in their systematic review in 2022
a slightly higher effect for supervised resistance training

Intervention Control Std. mean difference Std. mean difference Risk of Bias
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI A BCDEFTF
Travier et al., 2015 .82 423 91 1274 369 82 326%  -0.23(-0.53,0.07] —a 0@ ee
van Waart et al., 2015 131 39 ' 14.7 4.2 66 25.5% -0.39 [-0.73 , -0.05] —_— LN NN N
Mijwel et al., 2018 3.16 292 74 3.94 2.95 60 25.0% -0.26 [-0.61, 0.08] —_—1 L N NN N
Antunes et al., 2023 303 21.87 47 4363 25.01 46 17.0% -0.56 [-0.98 , -0.15] —_— e 2828
Total (95% CI) 283 254 100.0% -0.34 [-0.51, -0.17] ’
Heterogeneity: Tau® = 0.00; Chi* = 1.91, df = 3 (P = 0.59); I* = 0%
Test for overall effect: Z = 3.86 (P = 0.0001) 4 05 0 05 1
Test for subgroup differences: Not applicable Favours [experimental] Favours [control]
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection blas)
(C) Blinding of participants and personnel (performance bias)
(D) Incomplete outcome data (attrition blas)
(E) Selective reporting (reporting bias)
(F) Other blas
Fig. 3 Effects of combined resistance and endurance training on total fatigue
@ Springer
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O O (SMD=-0.30, 95% CI,—-0.46 to—0.15, p=0.000) and a
2 O O much larger effect for combined resistance and endurance
2 D S% training (SMD=-1.13,95% CI-2.09 to—0.17, p=0.021
b5) z 2 g p
o ®: @z on fatigue [28]. It is noteworthy that Medeiros Torres et al.
~ _ included both chemotherapy and radiation therapy in the
2 2 19 19
v 2 v 2 analysis of supervised resistance training and combined the
@ @A o y p g
= = =3 effect of resistance and endurance training with mind-bod
as ac g y
© o @ ol o exercises. Consequently, their meta-analysis comprises a
<+ 5 s | N q y y p
=g PO 28| o larger number of included studies (n=20) and participants
g 2% % a % Sl E (n=1793) [28], differing from our meta-analysis, where we
] <2 ne ©“e g focused on supervised resistance training or the combina-
= = tion of supervised resistance and endurance training during
e - p
e S chemotherapy, resulting in a more homogeneous number
5 > 19 g g
E £ of participants and studies. The presented effects primar-
5 g .
z é ﬁ T 8 ily pertain to total fatigue, as the limited available data did
= g . . . .
g &) not allow for a meta-analysis regarding physical, emotional,
B= = I=1 .. . . .
2z 8 g cognitive, or daily life-related fatigue. However, upon exam-
< < o .. . .. . . .
= § 3 ining the effects of individual studies, supervised combined
§ E 2 % 3 = resistance and endurance training seems to outperform
. — on — =]
S supervised resistance training alone. The intervention grou
8 p g group
3 Q o 2 in the study by van Waart et al. exhibited a lower increase
S 2 2 E in fatigue with a moderate effect (ES=-0.63, p <0.001)
g g .63, p<O0.
= 3 on physical fatigue [35]. Mijwel et al. also demonstrated a
: g ffect (ES =—0.42, p=0.05) f
Rz s P = modest effect (ES=—-0.42, p=0.05) on cognitive fatigue
15) @« 2] [ 5] .
=S é g é [36]. The intensity of training appears to play a crucial role
£ @ 2 . in the manifestation of symptoms, as highlighted by several
g studies. In the randomized controlled trial (RCT) by Tra-
2 8 y
2 . . g vier et al., the data analysis revealed a comparatively lower
o ] [} Q . . . . .
§ 2 2 g effect, likely due to the lower intensity of the intervention
E 3 32 g applied [34]. This resulted in a modest reduction in physical
S fatigue (effect size [ES]=0.3) and no significant effect on
] 2 ,'QEJ cognitive fatigue (ES=0.01) [34]. In contrast, van Waart
s = S g g
z 2 g et al. and Mijwel et al. employed higher-intensity training
g g £ regimens in their interventions, which demonstrated more
. S 3] 2 g
2 E E fE substantial improvements in fatigue outcomes [35, 36]. This
Q . . . . . .
= 8 g = supports the notion that higher training intensity may lead
Z e e g PP g g y may
§ % % M to more pronounced benefits, as further evidenced by the
5] . . .
= Z Z 2 RCT conducted by Demmelmaier et al., where participants
L . . . . .
2 2 g experienced reduced physical fatigue with increased train-
B B E ing intensity during (neo-)adjuvant therapies [41]. When
c ° g comparing resistance training alone to a combination of
o0 4 ~ =
2 g = b 9 resistance and endurance training during chemotherapy, no
B R 8 = significant differences were found. However, combining both
5 £ £ E g &
~ § 2 8 S types of training seems to mitigate cancer-related fatigue
4 ] =} . . . . .
& § Z Z £ CRF) more effectively, addressing multiple contributin
e y g p g
5 S factors and resulting in a milder manifestation of symptoms.
g S S g ymp
"z = 2 The strength of our meta-analysis lies in the rigorous
g
> [9) < = g y
ElE|T 8 Z inclusion and exclusion criteria, enabling the isolated analy-
= |8 |5 e 50 g y
& | Z % 2 Em) = %4) E sis of the effects of resistance training or combined resist-
> Z ‘5 . . .
= % S £ g ance and endurance training during chemotherapy. Previous
A ©n o ..
i z|g g 2 ﬁ analyses pooled effects for both chemotherapy and radiation
B <
P 2|2 £ 2 § simultaneously. However, we showed that during chemo-
s 3 . .. .
e o2 S & < @) therapy, whether solely resistance training or a combination
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of resistance and endurance training is performed, it appears
to yield similar effects. Our strict inclusion and exclusion
criteria facilitated the calculation of very high homogeneity
(?=1% and I? =0%), allowing for a robust extrapolation of
the results to other breast cancer patients undergoing chem-
otherapy. Furthermore, we conducted initial comparisons
regarding intensity, suggesting that higher or more intense
resistance training, as well as high-intensity interval training
(HIIT), might have a stronger effect on milder CRF mani-
festation. Possible differences may arise due to the varying
mechanisms of action of training at different intensities. It
is assumed that HIIT (high-intensity interval training) exerts
anti-inflammatory effects through the downward regulation
of pro-inflammatory cytokines and the upward regulation of
anti-inflammatory mediators [42]. Resistance training builds
muscle strength, helping cancer patients regain lost muscle
mass and strength due to treatment (e.g., chemotherapy, radi-
ation), which often contributes to fatigue [21, 25]. Given the
close alignment of the effect of resistance training and com-
bined resistance training and endurance training facilitates
shared decision-making for the patient [43], enabling an
active role in therapy, leading to improved treatment adher-
ence, higher patient satisfaction, and a better understanding
of the disease and treatment [44—48]. In contrast to other
meta-analyses, our analysis exhibits very high homogeneity
both in the analysis of resistance training and in the analysis
of combined resistance and endurance training, enhancing
reproducibility for patients with breast cancer.

A significant limitation is the smaller number of included
studies and participants due to highly restrictive inclusion
criteria. While high homogeneity proves to be an advantage,
it also limits the generalizability of our systematic review’s
findings to other cancer entities or other treatments. Conse-
quently, our results cannot be extrapolated to other cancer
conditions. A separate meta-analysis would be necessary for
such an extension. Another weakness is the large 95% CI
implying low certainty. The interpretability of the conducted
meta-analyses is correspondingly limited, indicating a favora-
ble trend of training interventions during chemotherapy, both
in the form of resistance training and combined resistance
and endurance training. To make more precise conclusions,
additional data need to be collected, analyzed, and published.

Conclusion

Both resistance training and combined resistance and endur-
ance training can positively impact the development of CRF.
We also observed a tentative influence of training intensity,
suggesting that higher intensity might have a more positive
effect in terms of milder CRF manifestation. More high-quality
RCT are needed.
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