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Abstract

Background Increased levels of physical activity are associated with a reduction of breast cancer mortality, espe-
cially in postmenopausal women with positive hormone receptor status. So far, previous observational case—control
and cohort studies have focused on associations between overall leisure time physical activity and survival of women
with breast cancer in general.

Methods In this multicenter prospective cohort study, conducted in Germany between 30th August 2012 to 29th
December 2017, we investigated general physical activity in a homogenous sample of n= 1440 postmenopausal
women with advanced (inoperable locally advanced or metastatic), hormone receptor-positive breast cancer receiv-
ing the same therapy (everolimus and exemestane). Self-reported physical activity was assessed using the Godin
Leisure Time Exercise Questionnaire (GLTEQ) before and every 3 months during treatment. Participants were then
classified into “active”and “insufficiently active”to screen their activity behavior the week prior to medical treatment.

In addition, changes in physical activity patterns were assessed. Adjusted Cox regression analyses were performed

for the activity categories to determine hazard ratios (HR). Besides progression-free survival (PFS), adverse events (AEs),
Qol, and fatigue were assessed every 3 months until study termination.

Results Compared to “insufficiently active” patients, “active” individuals indicated a significantly longer PFS (HR: 0.84
[0.74;0.984], p=.0295). No significant differences were observed for changes of physical activity behavior. Patients
who reported to be “active” at baseline revealed significantly fewer AEs compared to “insufficiently” active patients.

In detail, both severe and non-severe AEs occurred less frequently in the “active” patients group. In line with that,

Qol and fatigue were better in physical “active” patients compared to their insufficient active counterparts at the last
post-baseline assessment. Participants who remained or become active indicated less AEs, a higher Qol, and reduced
fatigue levels.
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Conclusions Physical activity behavior prior to medical treatment might have prognostic value in patients
with advanced breast cancer in terms of extending the PFS. Moreover, physical activity before and during treatment
may reduce treatment-related side effects and improve patients' QoL and fatigue.

Trial registration EUPAS9462. Registered 30th October 2012 “retrospectively registered”
Keywords Physical activity, Exercise, Breast cancer, Adverse events, Survival, Fatigue, Quality of life

Background

Besides other lifestyle factors, increased levels of physi-
cal activity are known to decrease the risk for various
cancers[1]. Results from large epidemiological investi-
gations indicate that higher levels of pre- and post-diag-
nosis physical activity and fitness are further associated
with reduced cancer-specific and overall mortality in
various types of cancer, including breast cancer[1-3].
A milestone in this context was published by Holmes
et al. reporting that mortality risk was reduced by almost
50% in active patients with breast cancer compared to
those who reported to be inactive(4). In addition, exer-
cise interventions have proven to counteract several side
effects of breast cancer and its medical treatment, such
as fatigue, and to improve patients’ quality of life (QoL)
(5-8).

To date, most epidemiological studies focusing on
physical activity levels and breast cancer (progression-
free) survival/mortality included more or less hetero-
geneous populations with different kinds of tumors and
medical treatments[9]. Overall, a meta-analysis by Zhong
et al. suggests that the positive influence of increased lev-
els of physical activity on breast cancer mortality is most
pronounced in postmenopausal women(10). Moreover,
studies report larger effects in women with a body mass
index (BMI) >25 and in women with a positive hormone
receptor status(10).

The establishment of adjuvant endocrine therapies
in patients with advanced hormone receptor-positive
(HR+) breast cancer is of fundamental importance. In
addition to vasomotric restriction, some of the most
common side effects of endocrine treatments include
musculoskeletal symptoms, which are often underesti-
mated[11]. According to Condorelli an Vaz-Luis, this can
lead to poor treatment adherence and poor oncologic
outcomes[11]. In the case of resistance to endocrine ther-
apies, combining targeted pathway-based therapies and
endocrine therapies is a promising therapeutic approach.

Despite the clinical establishment of combined thera-
pies, the knowledge about the influence of physical
activity on advanced breast cancer (inoperable locally
advanced or metastatic) related outcomes (survival,
adverse events, QoL) is still sparse. Moreover, studies
in the field have tried to differentiate between different
activity durations and intensities|[2].

In this context, associations between self-reported
physical activity levels, progression-free survival (PES),
the occurrence of adverse events, and QoL were inves-
tigated within the BReast cancer treatment with Afini-
tor® (everolimus) and exemestane for ER+ WOmen
(BRAWO) study in postmenopausal, hormone receptor-
positive patients with advanced breast cancer during
treatment with everolimus and exemestane.

Methods

The multicenter prospective cohort study BRAWO
was conducted in Germany between 30th August 2012
to 29th December 2017. A total of 2100 patients were
enrolled across 341 centers. Observation ended 1 year
after the last patient was enrolled. Out of these 2100
patients, 2074 were evaluable for efficacy and safety anal-
ysis which are reported elsewhere[12]. A total of 1440
patients had fully completed assessments of quality of
life and physical activity and are included in this analysis.
The study was in accordance with the Declaration of Hel-
sinki and approved by all local ethics committees of the
341 recruiting sites (hospitals and medical practices). The
study was registered at the European Union electronic
Register of Post-Authorisation Studies (Trial number:
EUPAS9462). Written consent was obtained by all study
participants prior to inclusion.

Inclusion criteria were defined as follows: Postmeno-
pausal women (>18 years) with advanced positive hor-
mone-receptor status (HR+) (either estrogen receptor
(ER+) or progesterone receptor (PR+) or both), nega-
tive epidermal growth factor receptor-2 status (HER2 )
breast cancer without symptomatic visceral metastases,
who were treated with Everolimus in combination with
Exemestane, after they relapsed or progressed on non-
steroidal aromatase inhibitor (e.g., anastrozole, letrozole).
As defined by the 6th and 7th International Consensus
guidelines for the management of advanced breast cancer
(ABC guidelines 6 and 7), the disease refers to inoperable
locally advanced or metastatic breast cancer[13].

All outcome measures described below were assessed
after recruitment and before starting medical treatment
as well as every 3 months thereafter until the end of treat-
ment or study discontinuation.

Detailed information on patients’ characteristics is
shown in Table 1 and Supplement 1.
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Table 1 Patient characteristics. Data are presented as mean+SD and as absolute numbers and percentages of category

Godin: active (N=332)

Godin: insufficiently active

(N=1108)

Total (N=1440)

Age (mean £ SD, min—max, median) 63.3+9.7 (36-88, 63)
BMI (mean + SD, min—max, median)
Time since diagnosis (years) (mean+SD, min- 9.0+6.9(0.2-39.1,7.0)

max, median)

TNM classification of the tumor at time of primary diagnosis—T, n (%)

X 9(2.8)
1 95 (29.1)
2 155 (47.4)
3 38(11.6)
4 30(9.2)
Missing 5
TNM tumor stadium at time of primary diagnosis—N, n (%)
X 12(3.7)
0 103 (31.4)
1 111(33.8)
2 54 (16.5)
3 48 (14.6)
Missing 4
TNM tumor stadium at time of primary diagnosis—M, n (%)
X 26 (8.0)
0 224(68.7)
1 76 (23.3)
Missing 6
Grading, n (%)
G1 16 (5.1)
G2 222 (70.5)
G3 75(23.8)
G4 2(0.6)
Missing 17
Histological subtype, n (%)
Invasive ductal 215 (67.2)
Invasive lobular 65 (20.3)
Other subtypes 40 (12.5)
Missing 12
Estrogen receptor, n (%)
Negative 7(2.1)
Positive 324 (97.9)
Missing 1
Progesterone receptor, n (%)
Negative 79 (23.9)
Positive 249 (75.2)
Unknown 3(0.9)
Missing 1
Metastases at primary diagnosis, n (%)
No 270(81.8)
Yes 60 (18.2)
Missing 2

Metastases localization, n (%)
Visceral metastases (lung, liver, CNS) 130 (39.4)

26.2+4.7 (17.6-46.8,25.2)

65.5+10.4 (20-91, 66)
26.7+5.1 (14.4-54.4, 26)
8.8£6.9(0.2-404,7.0)

66 (6.0)

316 (28.7)
450 (40.9)
121 (11.0)
148 (13.4)

91(8.3)
717 (65.2)
292 (26.5)
8

50(4.8)
694 (66.2)
303 (28.9)
2(0.2)

59

744 (69.7)
229 (21.5)
94 (8.8)
41

23(2.0)
1084 (97.9)
1

255(23.0)

839 (75.8)
13(1.2)

869 (78.9)
233 (21.1)

432 (39.1)

65+10.2 (20-91, 66)
26.6+5 (144-544,25.8)
8.9+6.9(0.2-404,7.0)

14

66 (4.8)
916 (67.2)
378(27.7)
4(0.3)

76

959 (69.1)
294 (21.2)
134 (9.7)
53

30(2.1)
1408 (97.9)
2

334(23.2)
1088 (75.7)
16 (1.1)

2

1139 (79.5)
293 (20.5)
8

562 (39.1)
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Godin: active (N=332)

Godin: insufficiently active Total (N=1440)

(N=1108)
Visceral and bone metastases 65 (19.7) 278 (25.1) 343(23.9)
Visceral without bone metastases 65(19.7) 154 (13.9) 219 (15.3)
Therapy line, n (%)
Tstline 98 (29.5) 310 (28.0) 408 (28.3)
2nd line 111 (334) 339 (30.6) 450 (31.3)
3rd line 58(17.5) 217 (19.6) 275(19.1)
4th line 32(9.6) 122(11.0) 154 (10.7)
5th line (and later) 33(9.9) 120(10.8) 153 (10.6)
Prior antineoplastic surgery, n (%) 309 (93.1) 1011 (91.2) 1320 (91.7)
Prior antineoplastic radiation, n (%) 278 (83.7) 897 (81.0) 1175 (81.6)

Outcome measures

Patients were invited to complete the Godin Leisure Time
Exercise Questionnaire (GLTEQ), to assess their overall
physical activity level in everyday life. The Godin-Lei-
sure-Time Exercise Questionnaire has shown good reli-
ability and validity. The internal consistency (Cronbach’s
alpha) ranges from 0.80 to 0.85. The test—retest reliability
ranges from 0.81 to 0.91. In terms of validity, the ques-
tionnaire has moderate to strong correlations with other
established methods for measuring physical activity, such
as physiological measurements (heart rate, VO2max) and
other self-reported questionnaires[14—16]. Patients are
asked to indicate the number of physical activities last-
ing more than 15 min in three graded categories (strenu-
ous exercise, moderate exercise, light exercise). Examples
of each category were provided. Prior briefing was given
in the clinical context regarding the three categories sub-
sequently used for evaluation. Based on the reported
amount, the leisure-time score index (LSI) was calculated
by multiplying the corresponding metabolic equivalents
((frequency of moderatex5)+ (frequency of strenu-
ous X 9)). Following Godin, only strenuous and moderate
activities were included for classification and calcula-
tion of LSI[14]. The cut-point for the LSI is often used to
divide participants into groups with sufficient and insuf-
ficient physical activity. A common threshold is a LSI of
24 units or more per week. This threshold represents a
minimum amount of physical activity recommended by
the World Health Organization (WHO) for health ben-
efits(17). LSI levels of 24 or more are therefore compara-
ble to physical activity levels which consist of 150 min of
moderate-intensity physical activity per week, or 75 min
of strenuous physical activity per week, or an equivalent
combination of both intensities. Further categories are
(i) 14 to 23 units: moderately active (some health ben-
efits) and (ii) less than 14 units: insufficiently active (less
substantial or low benefits). Thus, individuals with an

LSI<23 were classified as insufficiently active, and indi-
viduals with an LSI> 24 were classified as active.

PES was evaluated and documented by the responsible
physician at each recruiting site. PFS was defined as the
time from the date of baseline visit+1 to disease pro-
gression or death. If the day or the month was missing
in the date of progression or death, this was replaced by
“1” Patients were followed up until progression or death
and were only censored due to lost-to-follow-up or sur-
vival without progression or death at the official end of
study. The documentation of the end of treatment with
Everolimus (for any reason) was carried out at the soon-
est possible time that is in line with clinical practice. PFS
was followed up if treatment discontinuation occurred
for any other reason than progression. Overall, survival
was not followed up separately in this study. However,
PFES includes disease progression as well as death.

Adverse events (AEs), serious AEs (Grades 3 and 4)
and non-serious AEs (stomatitis, nausea, diarrhea, etc.,
Grades 1 and 2), QoL and fatigue (EORTC QLQ-C30
questionnaires[18] were recorded at baseline and were
repeated every 3 months until the end of treatment or
study discontinuation. Grading of AEs was based on
the Common Terminology Criteria for Adverse Events
(CTCAE). A detailed overview can be found in the pri-
mary endpoint paper of this study[12].

Statistical analyses

All statistical analyses were completed using SAS soft-
ware version 9.2. In a first step descriptive statistics
(sample statistics, frequency tables) were calculated
for all parameters. In case parameters were observed
repeatedly, the statistics were analyzed by visit. Regard-
ing PFS, analyses were performed univariately in a
first step calculating Kaplan—Meier estimates and pre-
senting Kaplan—Meier curves in total and for selected
subgroups. Following this Cox regression analyses
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were conducted for complete cases to determine haz-
ard ratios (HR) for the two exercise categories adjust-
ing for the following prognostic factors/covariates: age
[<65 years; 66—74 years,>75 years], body mass index
(BMI) [< 20, 20-25, 26—29, > 29], duration from diagno-
sis to first metastasis [0-2 years, > 2-5 years, > 5 years],
tumor grading [G1, G2, G3 + G4], therapy line [1st line,
2nd/3rd line, 4th and higher] and occurrence of visceral
metastasis [yes/no]. Results are presented as p-values,
hazard ratios, and their corresponding 95% confidence
intervals (CI). Analyses were repeated including only
factors/covariates that showed a significance level of at
least 0.1 or were assessed as medically relevant by the
medical experts.

The occurrence (yes/no) of overall adverse events
(AEs), serious AEs, and non-serious AEs between the
two exercise levels at baseline was compared using
logistic regression models including the same covari-
ates which have been used for PFS analysis. Finally, the
last post-baseline recorded global QoL and the QoL
subscale fatigue values were compared between the two
activity levels at baseline using ANCOVA models.

All analyses described above were also conducted
for changes in physical activity behavior from baseline
to the last post-baseline assessment. For this purpose,
four groups were built: Participants who stayed active
(active/active), participants who became active (insuf-
ficiently active/active), participants who became inac-
tive (active/insufficiently active), and participants who
remained inactive (insufficiently active/insufficiently
active).
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Again, analyses were adjusted for all covariates men-
tioned above. Throughout all analyses, the level of signifi-
cance was set at alpha=0.05.

Results

Study participants’ characteristics are shown in Table 1.
Out of 2,100 enrolled patients with breast cancer, 1440
complete cases were included for analysis of PFS. In
view of physical activity levels at baseline, 1108 patients
were reported to be “insufficiently active” and 332 to
be “active” Median treatment duration was 4.8 months
(range 1-58.0 months). In regards of changes in physi-
cal activity behavior, data from 1184 participants were
available. Out of these 1184 participants, 143 (12.1%)
remained physically active, 116 (10%) became active,
147 (12.4%) became insufficiently active, and 778 (65.7%)
remained insufficiently active.

PFS
Kaplan—Meier estimates are shown in Fig. 1. Cox pro-
portional hazard models (adjusted for age, BMI, tumor
grading, visceral metastases (yes/no), therapy line, and
duration until diagnosis of first metastases) indicated a
significant effect on PFS for self-reported physical activ-
ity (»p=0.0295). For physical activity subgroup “active”
patients (n=332) revealed a significant prolonged PFS
compared to those patients who reported to be “insuffi-
ciently active” (n=1108) (HR: 0.84 [0.74; 0.984].).

In regards of changes in physical activity behavior
results did not reach statistical significance (p=0.0691):
Remaining active vs. staying insufficiently active (HR:

100% ‘
90%
80%
70%
60%
50%
40%

30% -

Patients without progression

20%

10%

0%

Median time to event (95% CI)
Active: 8.1(7.0, 9.3)
Moderately/insufficiently active: 6.8 (6.1, 7.4)

12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57

Time to event (in months)

Active

Godin leisure-time category (pooled)

Moderately/insufficiently active

Fig. 1 Kaplan—-Meier estimates progression-free survival—by subgroups based on Godin Leisure-Time Exercise. Active: n=332, insufficiently active:

n=1108



Zimmer et al. BMC Medicine (2024) 22:442

0.897 [0.728; 1.104]), remaining active vs. becoming
insufficiently active (HR: 1.12 [0.857; 1.463]), remain-
ing active vs. becoming active (HR: 1.095 [0.830; 1.446]),
becoming active vs. becoming insufficiently active (HR:
1.023 [0.775; 1.350]), becoming active vs. staying insuffi-
ciently active (HR: 0.819 [0.657; 1.020]), becoming insuf-
ficiently active vs. staying insufficiently active (HR: 0.801
[0.654; 0.981]).

Adverse events

Logistic regression indicated a significant relation
between baseline physical activity levels and the occur-
rence of overall AEs (p=0.001). Compared to “active”
patients, those who reported being “insufficiently active”
active revealed an increased probability of developing
AEs (OR: 2.22 [95% CI: 1.43-3.45], p<0.001). Regarding
serious AEs, “Insufficiently active” patients have signifi-
cantly increased odds compared to “active” patients (OR:
1.40 [95% CI: 1.09-1.80]; p=0.008). In view of non-seri-
ous AEs, logistic regression models indicated a significant
relation as well (OR: 1.48 [95% CI: 1.04-2.12]; p=0.032).
Indeed, “insufficiently active” patients had more non-
serious adverse events than “active” patients.

In view of changes in physical activity behavior logistic
regression revealed a significant relation between activity
groups and the occurrence of overall AEs (p <0.001), seri-
ous AEs (p<0.001), and non-serious AEs (p=0.022).

Compared to patients who remained physically active
those who stayed insufficiently active showed a sig-
nificantly increased risk for overall AEs (p<0.001; OR:
3.35 [1.85; 6.07]). Additionally, patients who became
active indicated increased numbers of AEs compared to
patients who remained active (p=0.018; OR: 3.40 [1.23;
9.4]). All other overall AE comparisons did not reach sta-
tistical significance.

Patients who reported to stay physically active indi-
cated significantly less serious AEs compared to those
individuals who remained insufficiently active (p <0.001;
OR: 2.13 [1.44; 3.13]) and to those who became insuffi-
ciently active (p=0.002; OR: 2.13 [1.31; 3.45]). Moreo-
ver, patients who became active indicated significantly
less serious AEs compared to participants who remained
insufficiently active (p =0.048; OR: 0.67 [0.45; 1.0]).

Regarding the occurrence of non-serious AEs, sig-
nificant differences were found between subjects who
remained active and those who remained inactive
(p=0.005; OR: 2.10 [1.24; 3.54]) and between those who
remained active and those who became active (p=0.022;
OR: 2.83 [1.16; 6.89]). Results are shown in Fig. 2.

Quality of life and fatigue
Patients who reported a more active lifestyle at base-
line revealed a significantly higher QoL at the last
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post-baseline assessment. In detail, “active” participants
showed significantly higher QoL compared to their
“insufficiently active” counterparts (p <0.001) (Fig. 2B).

As fatigue represents the most frequently observed side
effect of anti-cancer treatment negatively affecting QoL,
we also highlighted the corresponding subscales of the
EORTC-QLQ-C30. Patients who reported being “active”
at baseline, indicated significantly less fatigue compared
to “insufficiently active” participants at the last post-
baseline assessment (“active” vs. “insufficiently active”:
p<0.001).

ANCOVA models indicated that changes in physical
activity significantly influence QoL (p <0.001) and fatigue
levels (p<0.001). Patients who remained active revealed
higher QoL and lower fatigue levels compared to patients
who remained insufficiently active (p<0.001; p<0.001),
to those who became insufficiently active (p<0.001;
p<0.001), and to those who became active (p=0.026;
p=0.003). Patients who reported to become active indi-
cated significantly higher QoL and lower fatigue levels
compared to patients who remained insufficiently active
(p<0.001; p<0.001). Finally, patients who became active
showed higher QoL and lower fatigue levels compared
to those who became insufficiently active (p=0.002;
»=0.039). Results are shown in Fig. 2.

Discussion

To our knowledge, this is the first large-scale observa-
tional cohort trial investigating the influence of self-
reported physical activity in daily living prior to therapy
as well as during therapy on PES, AEs, QoL, and fatigue
in a homogenous population with advanced breast can-
cer, receiving the same type of therapy. In general, the
results of this trial support findings from earlier stud-
ies reporting the beneficial effects of physical activity on
PFES, AEs, QoL, and fatigue[8].

Physical activity behavior prior to medical treatment
was significantly associated with PES, whereas changes
of physical activity behavior during treatment were not.
These results are in line with current literature, suggest-
ing a clear association between baseline physical activity,
all-cause, and (breast) cancer-specific mortality. Studies
focusing on changes of physical activity behavior showed
contradictory results[19]. The latter could be explained
by huge differences in study designs and methods (e.g.,
heterogenous populations, varying observational peri-
ods and outcomes (PFS, mortality, etc.) and assessments
of physical activity)[20], and the low number of avail-
able investigations[2]. A lack of significance may further
be argued with a decreased statistical power due to an
increase in the numbers of groups and a slightly reduced
number of observations.



Zimmer et al. BMC Medicine (2024) 22:442 Page 7 of 10
2 p<.001 p=.032 p=.008 p<.001 p<.001
Pl 11 60— 60
- — — —
< — —

z 80 == =
9 40 404
2 60— a )
(3 (&)
> (=]
o - =
S 40+ ] T
£ O 20- 20
s |
o 20
)
&
= 0 T 0 T T 0 T T
o AE nsAE sAE o @ & <@
& > o &
oS v @
=3 Active (n=332) & &
; _ &° ,{;\0
33 [nsufficently active (n=1108) S S
Q) Q)
) &
D E o2 F
P
— <.001
= 001
100 R0t
£ <.001
5 804 =
3 807 p=.026
[
»
s 60 60—
3 g g
£ X S a0 2
2 50 ¢ i
12
k= 20
£ 0 E
e AE nsAE SAE o
IR
3 Active/Active (n=143) <..°4 \o"@ q,o“4 ,bo““
\
3 Insufficiently active/Active (n=116) é‘"‘o <>‘40 z“&‘ é‘& &
=3 Active/Insufficiently active (n=147) Ay s&"‘ §0 v
=3 Insufficiently active/Insufficiently active (n=778) (\\tﬁo 0\\(@ 0\\09 6“’0
> o D
« v9“4 ,bo“4 « \,,o“
& &
¢ &
& &
RS A

Fig. 2 Comparison of adverse events, quality of life, and fatigue between

baseline physical activity groups (A-C) as well as for changes in physical

activity behavior during the course of the study (D-F). Occurrence of adverse events (AE), non-serious adverse events (nsAE), serious adverse

events (SAE) (A), quality of life (QoL) (B), and fatigue (C) in relation to baseli

ne physical activity groups. For A, the bars represent the proportion

of participants who experienced at least one of the AEs shown. P-values for significant differences between groups in adverse events, quality of life,

and fatigue are annotated

Against the backdrop that all study participants
received a similar medication, the BRAWO trial allows
to investigate whether physical activity is associated
with the occurrence of side effects. In fact, not only
sAEs occurred more frequently in participants classi-
fied as “insufficiently active,” but also nsAEs. Of note,
the results of this trial suggest that staying or becoming
physically active during treatment may reduce the occur-
rence of overall and serious AEs. Unfortunately, whether
certain AEs were induced by physical activity cannot be
concluded from our data. Our data also do not allow to

state on potential additional benefits of specific exercise
modalities and programs in order to reduce AEs. How-
ever, a growing body of literature suggests that targeted
supervised and non-supervised physical exercise pro-
grams counteracted disease- and treatment-related side
effects[21-23].

In view of QoL and fatigue, the data point also to a
clear positive influence in physically active people suf-
fering from advanced breast cancer. Thus, higher levels
of physical activity before medical treatment is related
to increased quality of life and decreased fatigue levels
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at the last post-baseline assessment. Our results fur-
ther support the hypothesis that keep being physically
active seems to be beneficial in regards of both, QoL
and fatigue. Indeed, participants who became more
active during treatment also indicated higher QoL and
reduced fatigue levels compared to those who became
less active or remained inactive. Although previous
research suggests that physical activity during adjuvant
chemotherapy improves side effects, these findings are
mostly limited to early-stage breast and prostate can-
cer[24, 25]. Given the special disease and treatment
considerations in patients with advanced breast can-
cer, our results suggest that physical activity may also
reduce AEs and side effects during treatment in the
advanced stage of the disease.

The results of this trial should be interpreted within the
context of its strengths and limitations. Strengths include
the large sample size and the inclusion of a homogenous
population in view of menopausal status, receptor status,
and medical treatment. The use of self-report question-
naires, particularly the GLTEQ, is a well-established and
simple attempt to assess physical activity. Specifically,
the categorization into active and insufficiently active
patients is not only used in the physical activity guide-
lines for cancer survivors[26], but also validated particu-
larly in breast cancer patients[27].

Even though the method used allows to count for spe-
cific metabolic equivalents of task (MET)[28], it was
shown, that self-reported measures of physical activity
are relatively imprecise[29] and cover only a limited time
interval (here: leisure time physical activity in the week
prior to initiation of treatment). Therefore, calculating
exact MET levels is at least questionable. Furthermore,
the limitations of such activity questionnaires remain. For
instance, a relatively rough memory-based assessment of
activity, including duration, frequency, and intensity of
activity, is made, which is open to recall errors (e.g., when
the patient is asked for the exact hours or minutes spent
in certain activities).

If possible, future trials may use objective activity track-
ers to collect more detailed information on the patients’
physical activity. Most other epidemiological studies used
cancer-specific and overall mortality as primary end-
points. In contrast, we analyzed PFS. Thereby, we cannot
definitely conclude that activity levels influence overall
and cancer-specific survival in the investigated popula-
tion. In regards of fatigue, we have used the correspond-
ing subscale of the EORTC QLQ-C30 questionnaire due
to its practicability. Following studies may use a more
robust/detailed assessment focusing on this relevant side
effect and include more detailed information on other
lifestyle factors and habits, such as nutrition and drug
consumption (e.g., alcohol, smoking).
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Conclusions

In conclusion, the results of the present investigation
underline the importance of staying physically active
in the course of disease—even in an advanced set-
ting. Patients self-assessing themselves as physically
active may have benefits regarding PFS, AEs, and QoL.
Patients should be encouraged to stay physically active
or be motivated to increase their physical activity level
according to the WHO guidelines[17]. Although lim-
ited, simple questionnaires, such as the GLTEQ may
help clinicians to identify potential deficits of their
patients and to provide recommendations accord-
ingly. Further prospective randomized controlled tri-
als should investigate the supportive effects of different
exercise modalities (e.g., endurance vs. strength train-
ing) and effects in therapeutic subgroups in patients
with breast cancer.
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