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Abstract: Breast cancer (BC) is one of the most commonly diagnosed types of cancer in women.
Oxidative stress may contribute to cancer etiology through several mechanisms. A large body of
evidence indicates that physical activity (PA) has positive effects on different aspects of BC evolution,
including mitigation of negative effects induced by medical treatment. With the aim to verify the
capacity of PA to counteract negative effects of BC treatment on systemic redox homeostasis in
postsurgery female BC patients, we have examined the modulation of circulating levels of oxidative
stress and inflammation markers. Moreover, we evaluated the impacts on physical fitness and mental
well-being by measuring functional parameters, body mass index, body composition, health-related
quality of life (QoL), and fatigue. Our investigation revealed that PA was effective in maintaining
plasma levels of superoxide dismutase (SOD) activity and tGSH, as well as peripheral blood mononuclear
cells’ (PBMCs) mRNA levels of SOD1 and heat-shock protein 27. Moreover, we found a significant
decrease in plasma interleukin-6 (≈0.57 ± 0.23-fold change, p < 0.05) and increases in both interleukin-10
(≈1.15 ± 0.35-fold change, p < 0.05) and PBMCs’ mRNA level of SOD2 (≈1.87 ± 0.36-fold change,
p < 0.05). Finally, PA improves functional parameters (6 min walking test, ≈+6.50%, p < 0.01;
Borg, ≈−58.18%, p < 0.01; sit-and-reach, ≈+250.00%, p < 0.01; scratch right, ≈−24.12%, and left,
≈−18.81%, p < 0.01) and body composition (free fat mass, ≈+2.80%, p < 0.05; fat mass, ≈−6.93%,
p < 0.05) as well as the QoL (physical function, ≈+5.78%, p < 0.05) and fatigue (cognitive fatigue,
≈−60%, p < 0.05) parameters. These results suggest that a specific PA program not only is effective
in improving functional and anthropometric parameters but may also activate cellular responses
through a multitude of actions in postsurgery BC patients undergoing adjuvant therapy. These
may include modulation of gene expression and protein activity and impacting several signaling
pathways/biological activities involved in tumor-cell growth; metastasis; and inflammation, as well
as moderating distress symptoms known to negatively affect QoL.
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1. Introduction

According to the World Health Organization (WHO), cancer is one of the main causes
of mortality worldwide [1]. Particularly, female breast cancer (BC) has surpassed lung
cancer as the most commonly diagnosed cancer, with an estimated 2.3 million new cases
(11.7%) [1].

Systemic oxidative stress has been implicated in many diseases and disorders, in-
cluding the pathogenesis and progression of BC [2–4]. Moreover, it is known that most
anticancer drugs act through oxidative-stress pathways via production of reactive oxygen
species (ROSs) to kill cancer cells, which, as a common side effect, induces oxidative-stress
tissue toxicity (e.g., cardiotoxicity) [5,6]. Oxidative stress refers to excessive production of
ROSs, particularly from oxygen radicals, during a period of increased exposure to environ-
mental stress. ROSs are a normal byproduct of metabolism and are necessary components
of both cell signaling and homeostasis [7]; however, excessive amounts can reduce the
antioxidant defenses of the body, resulting in negative effects on health. ROSs can induce
damage to lipids, proteins, and DNA, which in turn lead to genetic mutations and genomic
instability, thus contributing to carcinogenesis [2,8]. These aspects make ROSs a potential
target for cancer therapies.

Over the past decades, physical activity (PA) has emerged as an integrative therapy to
improve cancer survival outcomes, and international guidelines include regular PA as a
recommendation for patients [9]. In women with BC, PA during adjuvant therapy has been
shown to reduce loss of muscle strength [10], improve health-related quality of life (QoL),
and reduce cancer-related fatigue as well as other negative side effects of treatments [11–13].
Some of these improvements may be related to the capacity of PA to counteract the negative
effects of BC treatments on systemic redox homeostasis. Despite the documented benefits
of PA, a decrease in PA is very often observed after BC diagnosis, and a large proportion
of BC survivors do not reach the recommended levels of PA, suggesting that targeted
intervention is necessary within this population [14].

Recently, with the aim of monitoring and improving fitness- and health-related be-
haviors in patients with different diseases, several studies have highlighted the effects of
e-health-based protocols, developed using Internet resources, for monitoring and connect-
ing these people [15,16]. To date, this new approach has been widely applied in different
healthcare areas to improve communication between patients and specialist doctors, to
monitor patients’ activities, and to give electronic access to diagnosis or screening results,
especially in the oncology field [17–20].

Although there is evidence in BC survivors regarding the positive effects of exercise
protocol performed at home, using video lessons and supervised by a specialized trainer
through video-calling, on QoL, fatigue, aerobic fitness, body mass, and muscular strength,
none of these studies have yet evaluated the impact of PA on markers of redox homeostasis
and inflammation [19,21–24].

On these bases, the aim of this pilot study was to improve the knowledge in the field of
“exercise oncology” and particularly on the effects of PA on plasmatic markers of oxidative
stress and inflammation in postsurgery women, with BC, undergoing adjuvant therapy
(i.e., chemotherapy, hormone therapy, and radiotherapy). In these patients, we investigated
the effects of a 16-week online exercise program on modulation of superoxide dismutase
(SOD) and catalase (CAT) activity, total glutathione (tGSH), lipid oxidation (TBARs), total
antioxidant capacity (TAC), and total free thiols (tFTHs), as well as interleukin-6 (IL6),
interleukin-8 (IL8), interleukin-10 (IL10), and tumor necrosis factor alpha (TNFα), in post-
surgery female BC patients undergoing adjuvant therapy (i.e., chemotherapy, hormone
therapy, and radiotherapy). To assess possible exercise-induced modulatory effects, we
also evaluated, in peripheral blood mononuclear cells (PBMCs), the gene expressions of
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the most exercise-responsive molecules, such as heat-shock proteins 70 and 27 (HSP70 and
HSP27), superoxide dismutase 1 and 2 (SOD1 and SOD2), and glutathione peroxidase 1
(GPx1). Finally, to quantify the effects of this exercise program on physical fitness and
mental well-being, we also analyzed different functional parameters (i.e., balance, flexibility,
strength, and functional capacity), QoL, body mass index (BMI), and body composition.

2. Materials and Methods
2.1. Study Design

Female volunteers affected by breast cancer (n = 20, 45–65 years) were enrolled at
the Sant’Andrea Hospital/UOC of Medical Oncology in Rome (Italy) and Belcolle Hospi-
tal/UOC of Breast Surgery in Viterbo (Italy). Eligibility criteria included women diagnosed
with stage I-III breast cancer; >18 years old; literate in Italian; and scheduled to undergo
adjuvant therapy (radiotherapy, hormone therapy, chemotherapy). Exclusion criteria in-
cluded being unable to perform basic activities of daily living; cognitive disorders or
severe emotional instability; other disabling comorbidities that might hamper physical
training (e.g., severe heart failure, chronic obstructive pulmonary disease, orthopedic con-
ditions, and neurological disorders); being active ≥150 min/wk 3 months prior to surgical
treatment; and undergoing neoadjuvant therapy.

After inclusion, all volunteers underwent detailed medical examination, including
anamnesis, physical examination, electrocardiogram at rest (ECG), and resting heart rate
after 15 min of bed rest, and completed a detailed eating-habit diary in which all foods
and drinks consumed during the 3 consecutive days before beginning the training protocol
were recorded. Moreover, for each volunteer, body composition analysis (DS Medical’s
Handy 3000) and anthropometric measures (i.e., height, weight, and BMI) were collected at
the baseline visit and at the end of the experimental period.

To analyze the impact of exercise training, the volunteers were randomly assigned
to two different groups: the Control Group (CG, n = 10), where all subjects received the
usual cancer treatments from the hospital, which included chemotherapy and/or hormone
therapy and/or radiotherapy; and the Exercise Group (EG, n = 10), where the participants
were additionally included in an exercise training program.

This pilot study was approved by the Ethics Committee of the University of Rome
“Sapienza” (RIF.CE: 5451_2019), and all subjects provided informed consent. This study
was conducted in accordance with the Declaration of Helsinki.

2.2. Randomization and Blinding Procedures

A computer-generated list of random numbers was used to allocate the study volun-
teers to one of the study groups, either the CG or the EG, according to simple randomization
procedures. Sequentially numbered opaque envelopes were used for concealed randomiza-
tion. These envelopes contained group assignments and were provided to the participants
after the baseline assessment. All data of the participants who did not complete the study
protocol were excluded from the statistical analysis. While our study was not fully blinded,
both the patients and the kinesiologist were blinded to the group allocation before the first
detailed medical examination, and all people who participated in the analysis of biological
samples and data remained blinded at all times.

2.3. Exercise Training Program

The online exercise training program was performed twice per week (1 h session),
during 2 nonconsecutive days/week, for 16 weeks (32 sessions in total). A specialized
kinesiologist from the University of Rome “Foro Italico” guided exercise sessions online
using the platform Microsoft Teams. Training sessions were tailored to individuals and
their specific fitness and fatigue levels.

Each training session consisted of four main phases: warm-up, resistance exercises
(circuit resistance training using small weights), aerobic training (aerobic steps with music
at ≈70% of individual heart rate reserve), and, finally, a cool-down phase.
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Phase 1: a warm-up phase lasting 10 min, which included mobility exercises for the
neck and shoulders as well as trunk rotations, flexions, and extensions. Additionally,
balance exercises were included in this phase.

Phase 2: a resistance exercise phase lasting from 20 to 40 min was implemented using
the circuit-training method. Each circuit included one exercise for each of different muscle
groups: upper limbs, core, back, and lower limbs, respectively. Dumbbells with different
sets of weight (1 kg, 1.5 kg, or 2 kg) were used in this phase. The amount of weight for each
participant was defined during the baseline functional-assessment tests; participants were
asked to perform 20 reps of dumbbell bicep curls with a set weight and to rate the level of
perceived fatigue with a Borg scale.

If the rating was: (1) ≤2, the weight was increased by 0.5 kg; (2) between 2 and 4, the
weight was kept the same; and (3) ≥4, the weight was decreased by 0.5 kg.

Exercise volume and intensity (reps and sets) were increased every month, and recov-
ery time was gradually decreased over time.

Phase 3: an aerobic training phase lasting up to 20 min was implemented using Tabata
methodology, with 5 different exercises (lunge step, V-step, leg curl, knee-up, and kick).
During weeks 1–2, this phase lasted for 10 min and was performed with a work-to-rest ratio
of 40:20 s; during weeks 3–4, the same exercises were performed continuously at moderate
intensity for 10–15 min. From week 4 onwards, 120 bpm music was introduced during
training, and training intensity was gradually increased to reach 20 min of continuous
aerobic training. Moreover, training intensity was systematically increased during the
weeks, starting from 55–60% of the max heart rate (HRmax) during weeks 1–4, 60–70% of
the HRmax during weeks 5–8, and 70–80% of the HRmax for the remaining period. Target
heart rate (beats/min) was calculated using the Karvonen formula during medical screening
and constantly monitored during training with a smartwatch (Mi Band 5) provided by the
University of Rome “Foro Italico”.

Notably, some patients received COVID-19 vaccine injections during the study period,
and abnormal frequencies of heart rhythm were observed in the week after each vaccination.
Accordingly, training intensity was maintained at 60% of the HRmax during this period for
safety reasons.

Phase 4: a cool-down phase lasting 10 min was performed with stretching exercises to
improve patients’ flexibility and posture and restore the baseline heart rate (HR) after the
aerobic session.

A printed copy of the 0–10 Borg scale was provided to each patient and was used to
monitor the rates of perceived fatigue and difficulty during the entire training period.

2.4. Blood Sampling and Isolation of Peripheral Blood Mononuclear Cells (PBMCs)

Before (PRE) and after (POST) the experimental period, fasting blood samples were
drawn from the antecubital vein while each subject remained in a reclined position
(Figure 1). Blood sampled in EDTA tubes (BD Biosciences, Franklin Lakes, NJ, USA)
was used for plasma collection by centrifugation of whole blood (2500 rpm × 10 min
at 4 ◦C) and for PBMC isolation. Human PBMCs were purified from whole blood with
Ficoll gradient (Sigma-Aldrich, Milan, Italy), as already described [25]. Plasma and PBMC
samples were aliquoted and stored at −80 ◦C for further analyses.
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Figure 1. Violin−plot analysis comparing the plasma antioxidants and oxidative−stress markers 
measured at baseline (PRE) and at the end of the experimental period (POST) in female breast cancer 
patients assigned either to the Control Group (CG, n = 10), where all subjects received the usual 
cancer treatments, or to the Exercise Group (EG, n = 10), where they were additionally included in 
a 16−week online exercise training program. (A) Catalase and (B) SOD activity, (C) TAC and (D) 
TBARs assays, (E) tFTHs, and (F) total GSH levels. Statistical significance was determined using 
two−way ANOVA with Bonferroni’s post hoc analysis. * p < 0.05; ** p < 0.01. SOD, superoxide dis-
mutase; TAC, total antioxidant capacity; TBARs, thiobarbituric acid-reactive substances; tFTHs, to-
tal free thiols; GSH, glutathione. 

2.5. RNA Extraction and RT-qPCR 
The total RNA from the PBMCs was obtained from cells using TRIZOL (Invitrogen, 

Carlsbad, CA, USA), according to the manufacturer’s procedure. A real-time quantitative 
RT−PCR was performed on a 7500 Real Time PCR System (Applied Biosystems, Life Tech-
nologies, Waltham, MA, USA). Each 20 µL reaction mixture contained 10 µL of Power 
SYBR Green RNA−to Ct 1stepMaster mix (2×) (Applied Biosystems, Life Technologies, 
Waltham, MA, USA), 10 pmol of specific primer sets, 0.16 µL of RT Enzyme Mix (Applied 
Biosystems, Life Technologies, Waltham, MA, USA), and 10–15 ng of RNA samples. The 
RT−PCR amplification profile was as follows: the RT step at 48 °C for 30min, followed by 
enzyme activation at 95 °C for 10min and then 40 cycles of denaturation at 95 °C for 15s 
and annealing/extension at 60 °C for 1min. All samples were run in triplicate. Normaliza-
tion was performed utilizing cyclophilin A. A threshold cycle (CT) was observed in the 
exponential phase of amplification, and quantification of relative expression levels was 
performed with standard curves for target genes and the endogenous control. Geometric 
means were used to calculate the ΔΔCT (delta–delta CT) values, expressed as 2−ΔΔCT. The 
value of each control sample was set at 1 and was used to calculate the fold changes of 
target genes. The list of primers utilized is reported in Supplementary Table S1. For primer 
design, we used Primer 3 software (http://bioinfo.ut.ee/primer3-0.4.0/, accessed on 1 May 
2022). 

2.6. Multiplex Cytokine Assay 
Plasma levels of TNF-α, IL-6, IL-8, and IL-10 were assayed in patients undergoing 

physical exercise protocol, pre-exercise (T0), and after four months (T4) using a magnetic 
bead-based multiplex assay (Bio-Plex® Precision Pro™ Human Cytokine Assays, Bio-Rad 
Laboratories, Milan, Italy) according to the manufacturer’s recommendation and as pre-
viously described [26]. Data acquisition was performed with the Bio-Plex 200 System™ 

Figure 1. Violin−plot analysis comparing the plasma antioxidants and oxidative−stress markers
measured at baseline (PRE) and at the end of the experimental period (POST) in female breast cancer
patients assigned either to the Control Group (CG, n = 10), where all subjects received the usual
cancer treatments, or to the Exercise Group (EG, n = 10), where they were additionally included
in a 16−week online exercise training program. (A) Catalase and (B) SOD activity, (C) TAC and
(D) TBARs assays, (E) tFTHs, and (F) total GSH levels. Statistical significance was determined using
two−way ANOVA with Bonferroni’s post hoc analysis. * p < 0.05; ** p < 0.01. SOD, superoxide
dismutase; TAC, total antioxidant capacity; TBARs, thiobarbituric acid-reactive substances; tFTHs,
total free thiols; GSH, glutathione.

2.5. RNA Extraction and RT-qPCR

The total RNA from the PBMCs was obtained from cells using TRIZOL (Invitrogen,
Carlsbad, CA, USA), according to the manufacturer’s procedure. A real-time quantitative
RT−PCR was performed on a 7500 Real Time PCR System (Applied Biosystems, Life
Technologies, Waltham, MA, USA). Each 20 µL reaction mixture contained 10 µL of Power
SYBR Green RNA−to Ct 1stepMaster mix (2×) (Applied Biosystems, Life Technologies,
Waltham, MA, USA), 10 pmol of specific primer sets, 0.16 µL of RT Enzyme Mix (Applied
Biosystems, Life Technologies, Waltham, MA, USA), and 10–15 ng of RNA samples. The
RT−PCR amplification profile was as follows: the RT step at 48 ◦C for 30 min, followed
by enzyme activation at 95 ◦C for 10 min and then 40 cycles of denaturation at 95 ◦C for
15 s and annealing/extension at 60 ◦C for 1min. All samples were run in triplicate. Nor-
malization was performed utilizing cyclophilin A. A threshold cycle (CT) was observed in
the exponential phase of amplification, and quantification of relative expression levels was
performed with standard curves for target genes and the endogenous control. Geometric
means were used to calculate the ∆∆CT (delta–delta CT) values, expressed as 2−∆∆CT. The
value of each control sample was set at 1 and was used to calculate the fold changes of target
genes. The list of primers utilized is reported in Supplementary Table S1. For primer design,
we used Primer 3 software (http://bioinfo.ut.ee/primer3-0.4.0/, accessed on 1 May 2022).

2.6. Multiplex Cytokine Assay

Plasma levels of TNF-α, IL-6, IL-8, and IL-10 were assayed in patients undergoing
physical exercise protocol, pre-exercise (T0), and after four months (T4) using a magnetic
bead-based multiplex assay (Bio-Plex® Precision Pro™ Human Cytokine Assays, Bio-
Rad Laboratories, Milan, Italy) according to the manufacturer’s recommendation and as
previously described [26]. Data acquisition was performed with the Bio-Plex 200 System™
(Bio-Rad Laboratories, Inc., Hercules, CA, USA), which uses Luminex fluorescent bead-

http://bioinfo.ut.ee/primer3-0.4.0/
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based technology. Data analysis was performed with Bio-Plex Manager™ 6.0 software
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). Samples were run in triplicate twice.

2.7. Total Antioxidant Capacity

Trolox® equivalent antioxidant capacity (TAC) was determined spectrophotometri-
cally [27]. This technique uses the reactivity of antioxidant compounds found in blood
plasma, relative to a 1 mM Trolox® (vitamin E analog) standard. The variation in the
absorbance analyzed was compared to those observed using the Trolox® standard.

2.8. Total Glutathione

The total GSH content (tGSH) (Intracellular reduced (GSH) + oxidized (GSSG) glu-
tathione) was quantified with a 5,5-dithio-bis-(2-nitrobenzoic acid) (DTNB)-glutathione
reductase-recycling assay, as previously described [28].

2.9. Total Plasma Free Thiol

The free thiol (FTH) concentrations in blood plasma samples were quantified with an
Ellman assay [29], according to the manufacturer’s instructions. The molar concentration
of thiols was calculated from the molar absorbance of the 2-nitro-5-thiobenzoate (TNB)
anion and stated in µmol-SH/g plasmatic proteins.

2.10. Thiobarbituric Acid-Reactive Substances (TBARs)

The TBAR level was evaluated using the TBARS (TCA method) Assay Kit (Cayman
Chemical Company, Ann Arbor, MI, USA, No. 700870) with spectrophotometric analysis,
according to the manufacturer’s instructions [30]. This kit measured lipid peroxidation
by reacting MDA with TBA under high temperatures and acidic conditions to form an
MDA–TBA adduct, after which absorbance was measured at 530–540 nm.

2.11. SOD Activity

Cayman’s SOD Assay kit (Cayman Chemical Company, Ann Arbor, MI, USA, No. 706002),
which uses tetrazolium salt for detection of superoxide radicals produced by xanthine
oxidase and hypoxanthine, was used according to the manufacturer’s instructions [31].
This assay measures all forms of SOD (Cu/Zn, Mn, and FeSOD). A single unit of SOD is
defined as the amount of the enzyme that is required in order to exhibit 50% dismutation
of the superoxide radical. Plasma was diluted 1:5 with sample buffer before assaying for
SOD activity. Results are expressed as units/mg of protein tested.

2.12. CAT Activity

Cayman’s Catalase Assay Kit (Cayman Chemical Company, Ann Arbor, MI, USA,
No. 707002) was used to determine catalase enzyme activity from its peroxidatic function
according to the manufacturer’s instructions [31]. This method is based on the reaction
of the enzyme with methanol in the presence of an optimal concentration of hydrogen
peroxide. The formaldehyde that is produced is colorimetrically measured with Purpald.
One unit of CAT activity is defined as the amount of enzyme that will result in the formation
of 1.0 nmol of formaldehyde per minute at 25 ◦C. Results are expressed in nmol/min/mL.

2.13. Physical Activity Level

Physical activity levels were assessed for all participants at baseline, using the Italian
edition of the International Physical Activity Questionnaire (IPAQ), which has been shown
to be a valid and reliable technique to measure frequency, type, duration, and intensity of
PA, as well as sedentary behavior [32].

2.14. Functional Capacity Evaluation and Patient-Reported Outcomes

The following functional capacity parameters were measured before (PRE) and after
(POST) the 16-week experimental program for each participant.
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(1) Six-minute walking test (6MWT) and Borg CR10 scale analysis: a supervised
6MWT was performed according to the American Thoracic Society guideline [33] to assess
functional capacity. Briefly, each patient was informed about the test and that they were
required to walk as fast as they could for six minutes. A 30 m-long indoor corridor setting
was established. At each minute, the patient was informed orally according to guidelines.
Devices continually monitored heart rate and percentage of oxygen saturation. After
completion of the tests, the Borg CR10 scale was used to evaluate perceived fatigue.

(2) Muscular strength and flexibility tests: muscular strength was estimated for upper-
limb handgrip strength (HG) using a dynamometer (Jamar Plus®, Patterson Medical Ltd.,
Sutton-in-Ashfield, UK); this test, representative of the general strength of the subject,
measures the strength of the handheld grip by tightening the dynamometer as tightly as
possible. Two attempts for both hands were recorded, and the median value was evaluated.
For the lower limbs, transition movements, balance, and the risk of falling, the 30-s sit-
to-stand test (STS) was used. During the test, the number of times that the patient could
properly get up from a chair and sit back down in 30 s was counted. Flexibility was
evaluated using two specific tests, back stretch and trunk rotation, to evaluate shoulder
and trunk flexibility and mobility.

(3) The European Organization for Research and Treatment of Cancer Quality of
Life Questionnaire (EORTC-QLQ-C30): the EORTC-QLQ-C30 is the most frequently used
cancer-specific health-related questionnaire. It is organized into five different functional
subscales (PF: physical functioning; RF: role functioning; EF: emotional functioning; CF:
cognitive functioning; and SF: social functioning) and eight symptom items [34]. The
questionnaire consists of a total of 28 items, and each is scored “1: None” through “4: A lot”
according to the 4-category-based Likert Scoring System. Higher scores indicated worse
quality of life, and vice versa.

(4) Fatigue Questionnaire EORTC QLQ-FA12: the FA12 is a new fatigue module
designed to complement the EORTC QLQ-C30 and consists of 12 items, with four response
categories for each item, coded with values from 1 to 4 [35]. In accordance with the scales
of the EORTC QLQ-C30, the FA12 scores are transformed to the range of 0–100, with higher
levels indicating greater degrees of fatigue. The FA12 comprises three subscales: physical
fatigue (five items), emotional fatigue (three items), and cognitive fatigue (two items).
The remaining two items serve as global indicators for interference of fatigue with daily
activities and social squeal of fatigue.

2.15. Statistical Analysis

A statistical analysis was conducted using GraphPad Prism software 9.0 (GraphPad
software, San Diego, CA, USA). The Kolmogorov–Smirnov or Shapiro–Wilk test was used
to test the normality of quantitative variables. Normally distributed, continuous biological
variables were analyzed using two-way ANOVA for repeated measures, with the Bonferroni
correction as the post hoc test, and Student’s t-test. Moreover, data reported in all tables
were analyzed with an unpaired/paired-samples Student t-test. In all cases, p-values ≤ 0.05
were considered significant.

3. Results
3.1. Baseline Characteristics of Subjects

The characteristics of the study population, including age, weight, height, body mass
index (BMI), type of intervention and treatment, as well as physical activity level, are
reported in Table 1.

Both the CG and the EG were homogenous for the type of intervention and treatments.
No significant differences between the EG and the CG were observed for age (50.5 ± 5.7 yrs
vs. 45.1 ± 5.5 yrs, respectively; p > 0.05), BMI (23.1 ± 2.5 Kg/m2 vs. 21.3 ± 0.5 Kg/m2,
respectively; p > 0.05), or physical activity level (885.6 ± 666.0 vs. 898.3 ± 988.5 MET-
min/week, respectively; p > 0.05).
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Table 1. Characteristics of female breast cancer patients randomly assigned to the Control Group
(CG), where all subjects received the usual cancer treatments, or the Exercise Group (EG), where the
volunteers were additionally included in a 16-week online exercise training program.

EG
(n = 10)

CG
(n = 10) p-Value *

Age (Years) 50.55 ± 5.69 45.15 ± 5.54 0.874
Weight (Kg) 60.30 ± 5.55 55.30 ± 1.05 0.404
Height (m) 161.68 ± 8.61 157.51 ± 3.55 0.349

BMI (Kg/m2) 23.10 ± 2.53 21.38 ± 0.50 0.248
Type of Intervention

Quadrantectomy 7 6 N.A.
Mastectomy 3 4 N.A.
Treatments

Chemo + Hormonal + Radio 2 2 N.A.
Hormonal + Radio 4 5 N.A.

Hormonal 4 3 N.A.
Physical Activity Level
IPAQ (MET-min/week) 898.3 ± 988.5 885.6 ± 666.0 0.695

Values are presented as mean ± standard deviation (SD); BMI, body mass index; IPAQ, International Physical
Activity Questionnaire; MET, metabolic equivalent; min, minutes; m, meter; Kg, kilogram; N.A., not applicable.
* p-value was determined with Student’s t-test of the difference between baseline characteristics of both groups
(EG vs. CG).

3.2. Systemic Level of Antioxidants and Oxidative-Stress Parameters

At each experimental time point (PRE and POST), no significant differences were
observed for catalase activity, TAC, TBARs, or tFTHs between groups or within each group
(p > 0.05) (Figure 1A,C–E). However, SOD activity and total GSH were significantly reduced
only in the CG at the end of the experimental protocol (SOD, PRE vs. POST, 92.65 ± 9.79 vs.
56.60 ± 0.12, p = 0.024) (total GSH, PRE vs. POST, 82.26 ± 9.09 vs. 69.62 ± 5.56, p = 0.001),
with significantly lower levels even when compared with the EG after training (SOD, EG vs.
CG, 95.39 ± 0.24 vs. 56.60 ± 0.12, p = 0.001) (tGSH, EG vs. CG, 80.32 ± 8.32 vs. 69.62 ± 5.56,
p = 0.048) (Figure 1B,F).

3.3. Plasma Levels of Cytokines

No significant differences were observed for TNF-α levels at any experimental point in
both groups (Figure 2). Compared with the PRE values, IL-6 at POST increased ≈2.04 ± 0.47-
fold in the CG (p < 0.05) and decreased ≈0.57 ± 0.23-fold in the EG (p < 0.05). In both the
CG and the EG, IL8 at POST showed significant decreases of ≈0.60 ± 0.20-fold (p < 0.01)
and ≈0.72 ± 0.18-fold (p < 0.05), respectively, with respect to the PRE values (Figure 2).
In the CG, the levels of IL10 at POST significantly decreased ≈0.74 ± 0.39-fold (p < 0.05),
while in the EG, we observed an increase of ≈1.15 ± 0.35-fold (p < 0.05).

3.4. Gene-Expression Analysis of Antioxidants and Stress-Response Proteins in PBMCs

As shown in Figure 3, the analysis of several antioxidants revealed a beneficial effect
of exercise training in terms of gene expression of SOD1, which was significantly higher
in the EG than in the CG at the end of the experimental protocol (POST: CG vs. EG,
9.75 ± 0.44 vs. 16.33 ± 3.60, p = 0.030) (Figure 3A). Indeed, the mRNA level of SOD1 was
significantly decreased within the CG at the end of the experimental protocol (PRE vs.
POST, 15.79 ± 3.52 vs. 9.75 ± 0.44, p = 0.0052) (Figure 3A).

Interestingly, SOD2 was significantly increased within the EG (PRE vs. POST, 49.28 ± 13.72
vs. 75.28 ± 18.07, p = 0.0215), with values higher than in the CG at the end of the experi-
mental protocol (POST: CG vs. EG, 50.97 ± 11.22 vs. 75.28 ± 18.07, p = 0.0374) (Figure 3B).
No effects were found for GPx1 in either group (p > 0.05) (Figure 3C).
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Figure 2. Violin-plot analysis comparing the plasma concentrations of TNFα, IL6, IL8, and IL10
measured at the baseline (PRE) and at the end of the experimental period (POST) in female breast
cancer patients assigned either to the Control Group (CG, n = 10), where all subjects received the
usual cancer treatments, or to the Exercise Group (EG, n = 10), where they were additionally included
in a 16-week online exercise training program. Statistical significance was determined using two-way
ANOVA with Bonferroni’s post hoc analysis. Each violin plot shows the fold changes relative to
baseline levels. * p < 0.05, ** p < 0.01, # p < 0.05; ## p < 0.01.
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Figure 3. Violin-plot analysis comparing the mRNA levels of heat-shock proteins and antioxidants
such as SOD1 (A), SOD2 (B), GPx1 (C), HSP70 (D), and HSP27 (E) in PBMCs isolated at the baseline
(PRE) and at the end of the experimental period (POST) from female breast cancer patients assigned
either to the Control Group (CG, n = 10), where all subjects received the usual cancer treatments, or to
the Exercise Group (EG, n = 10), where they were additionally included in a 16-week online exercise
training program. Statistical significance was determined using two-way ANOVA with Bonferroni’s
post hoc analysis. * p < 0.05; ** p < 0.01. CG, Control Group; EG, Exercise Group; SOD, superoxide
dismutase; GPx, glutathione peroxidase; HSP, heat-shock protein.

Although there was a significant group interaction (p = 0.037), the analysis of specific
stress-response proteins highlighted no effect of exercise at any experimental point, neither
on the gene expression of HSP70 nor on HSP27 (p > 0.05) (Figure 3D,E). Only the CG
showed a significant decrease in HSP27 at the end of the experimental design (PRE vs.
POST, 0.73 ± 0.12 vs. 0.52 ± 0.09, p = 0.023) (Figure 3E).
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3.5. Functional Parameters

As reported in Table 2, among functional parameters, the EG improved in the 6MWT
(PRE vs. POST, p = 0.007), perceived exertion (PRE vs. POST, p = 0.003), and the sit-and-
reach test (PRE vs. POST, p = 0.004), as well as in the scratch test for both arms, right (PRE
vs. POST, p = 0.009) and left (PRE vs. POST, p = 0.005).

Table 2. Functional test analysis performed at the beginning (PRE) and at the end (POST) of the
experimental protocol in female breast cancer patients, randomly assigned to the Control Group (CG,
n = 10), where all subjects received the usual cancer treatments, or the Exercise Group (EG, n = 10),
where volunteers were additionally included in a 16-week online training program.

PRE
(Mean ± SD)

POST
(Mean ± SD) % Change p-Value *

6MWT (m)
EG 564.42 ± 50.78 601.1 ± 52.11 +6.50 0.007
CG 530.41 ± 48.78 480.1 ± 32.09 −9.43 0.044

Borg (0–10)
EG 2.75 ± 0.43 1.12 ± 0.95 −59.18 0.003
CG 1.19 ± 0.28 1.74 ± 0.50 +42.00 0.172

HGR (Kg)
EG 29.91 ± 3.75 28.90 ± 4.62 −3.49 0.422
CG 29.90 ± 3.69 28.90 ± 4.64 −3.87 0.138

HGL (Kg)
EG 27.25 ± 3.14 26.04 ± 4.04 −4.46 0.425
CG 23.14 ± 4.07 20.10 ± 3.19 −13.50 0.002

30′ STS (n)
EG 18.04 ± 4.20 22.17 ± 5.51 +22.84 0.060
CG 19.04 ± 3.18 18.13 ± 5.52 −5.21 0.355

Sit-and-Reach (cm)
EG 1.77 ± 8.61 6.24 ± 8.75 +250.00 0.004
CG 1.71 ± 8.64 2.87 ± 3.72 +57.53 0.821

Scratch R (cm)
EG 24.81 ± 10.59 18.80 ± 6.73 −24.12 0.009
CG 23.2 ± 10 14.1 ± 6.8 −4.32 0.731

Scratch L (cm)
EG 27.50 ± 7.11 22.31 ± 7.41 −18.81 0.005
CG 25.4 ± 6.1 26.3 ± 8.4 −4.00 0.869

Tandem (s)
EG 10 ± 0 10 ± 0 0 N.A.
CG 10 ± 0 10 ± 0 0 N.A.

EG, Exercise Group; CG, Control Group; 6MWT, 6-min walking test; HGR, handgrip right; HGL, handgrip left;
STS, sit-to-stand; L, left; R, right; N.A., not applicable. All data are presented as mean ± standard deviation
(SD). * p-value was determined with Student’s t-test of the difference between PRE and POST within each group.
Statistically significant p-values are in bold. Percentage change reported was calculated as changes in mean values
divided by the absolute mean values of the original values, multiplied by 100.

The CG showed a significant decrease in functional parameters, including in the
6MWT (PRE vs. POST, p = 0.044) and in the left handgrip test (PRE vs. POST, p = 0.002)
(Table 2).

3.6. Body Composition

Exercise training induced a significant reduction in fat mass, of −6.9% (PRE vs. POST,
p = 0.043), and an increased free fat mass by +2.8% (EG: PRE vs. POST, p = 0.049) (Table 3).
On the contrary, at the end of the experimental protocol, the CG had an increase in BMI of
+6.5% (CG: PRE vs. POST p = 0.045) matched with an increase in fat mass of 1.3% (PRE vs.
POST, p = 0.032) (Table 3).
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Table 3. Assessment of body composition in female breast cancer patients randomly assigned to
the Control Group (CG, n = 10), where all subjects received the usual cancer treatments, or the
Exercise group (EG, n = 10), where volunteers were additionally included in a 16-week online training
program. These measurements were made at the beginning (PRE) and at the end (POST) of the
experimental protocol.

PRE
(Mean ± SD)

POST
(Mean ± SD) % Change p-Value *

Weight (kg)
EG 60.30 ± 5.55 59.72 ± 6.81 −0.95 0.560
CG 55.30 ± 1.90 58.54 ± 4.87 +4.51 0.214

BMI (Kg/m2)
EG 23.10 ± 2.53 22.71 ± 2.85 −1.35 0.214
CG 21.38 ± 0.50 22.74 ± 2.84 +6.55 0.045

FFM (%)
EG 72.57 ± 5.25 74.60 ± 6.50 +2.80 0.049
CG 60.67 ± 5.32 60.61 ± 3.5 −0.67 0.243

FAT (%)
EG 27.43 ± 5.25 25.53 ± 6.65 −6.93 0.043
CG 30.18 ± 4.05 34.04 ± 4.43 +12.71 0.032

TBW (%)
EG 54.14 ± 5.63 56.23 ± 7.21 +3.86 0.072
CG 41.14 ± 5.31 40.22 ± 3.20 −2.11 0.560

BCM (%)
EG 37.95 ± 3.74 38.21 ± 4.05 +0.85 0.328
CG 36.12 ± 2.17 32.41 ± 2.12 +3.86 0.124

BMI, body mass index; FFM, free fat mass; FAT, fat mass; TBW, total body water; BCM, body cell mass. All
data are presented as mean ± standard deviation (SD). * p-value was determined with Student’s t-test of the
difference between PRE and POST within each group. Statistically significant p-values are in bold. Percentage
change reported was calculated as changes in mean values divided by the absolute mean values of the original
values, multiplied by 100.

3.7. Health-Related Quality of Life and Fatigue Perception

Data regarding health-related quality of life and fatigue were measured with the
EORTC QLQ-C30 and the EORTC-FA12 (Table 4). The EG showed an increase in physical
function after training (PRE vs. POST, p = 0.042). Moreover, the other subscales (emotional
function, cognitive function, social function, and global health) registered small increases,
though not significant. Data related to fatigue highlighted that exercise training had a
significant impact in reducing cognitive fatigue (EG: PRE vs. POST p = 0.44).

Table 4. Assessment of quality of life and fatigue in female breast cancer patients randomly as-
signed to the Control Group (CG, n = 10), where all subjects received the usual cancer treatments,
including chemotherapy and/or hormonal therapy and/or radiotherapy, or the Exercise Group (EG,
n = 10), where volunteers were additionally included in a 16-week online training program. These
measurements were made at the beginning (PRE) and at the end (POST) of the experimental protocol.

PRE
(Mean ± SD)

POST
(Mean ± SD) % Change p-Value *

EORTC QLQ C-30
Physical Function

EG 88.12 ± 8.01 93.32 ± 4.71 +5.78 0.042
CG 90.47 ± 3.55 91.52 ± 4.52 +1.06 0.345

Emotional Function
EG 76.85 ± 11.62 87.03 ± 22.19 +13.23 0.242
CG 90.43 ± 8.92 89.91 ± 8.92 −0.69 0.438

Cognitive Function
EG 87.03 ± 16.19 88.81 ± 14.43 +2.12 0.782
CG 90.47 ± 13.11 88.30 ± 11.30 −2.70 0.367
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Table 4. Cont.

PRE
(Mean ± SD)

POST
(Mean ± SD) % Change p-Value *

Social Function
EG 81.48 ± 19.44 92.59 ± 14.69 +13.65 0.169
CG 88.02 ± 15.85 85.70 ± 14.99 −2.68 0.388

Global Health
EG 62.96 ± 9.42 69.54 ± 15.02 +10.24 0.300
CG 72.99 ± 11.40 66.64 ± 22.22 −10.71 0.285

FA-12
Physical Fatigue

EG 18.51 ± 16.25 14.81 ± 14.44 −20.01 0.532
CG 12.38 ± 8.92 13.32 ± 8.60 +7.15 0.843

Emotional Fatigue
EG 12.39 ± 11.75 8.6 ± 22.05 −30.32 0.707
CG 7.94 ± 13.92 9.5 ± 13.41 +16.57 0.832

Cognitive Fatigue
EG 18.51 ± 21.15 7.40 ± 14.59 −60.00 0.044
CG 4.71 ± 12.54 7.94 ± 13.92 +40.00 0.662

All data are presented as mean ± standard deviation (SD). * p-value was determined with Student’s t-test of
the difference within each experimental group. Statistically significant p-values are in bold. Percentage change
reported was calculated as changes in mean values divided by the absolute mean values of the original values,
multiplied by 100.

In the CG, no significant differences were observed for any of the parameters from
the EORTC QLQ-C30 or the fatigue items (p > 0.05) at the end of the experimental period
(Table 4).

4. Discussion

To our knowledge, this pilot study is the first to evaluate, at a systemic level, changes
in markers related to oxidative stress and inflammation as well as physical fitness and
mental-well-being parameters in postsurgery female BC patients, during a 16-week online
exercise program, at the beginnings of their individual therapeutic protocols.

Oxidative changes have been described in cancer cells when compared to normal
noncancerous cells, suggesting a role for occurrence of a pro-oxidant status in malignant
conditions [36]. A growing number of studies have focused on investigating the redox
changes that take place in solid tumors, especially in breast cancer.

As reported from different authors, BC patients show elevated lipid peroxidation
levels and disturbed antioxidant enzyme activities [37]. Circulating levels of SOD and CAT
are generally higher in BC patients compared with healthy groups [38–40]. Others found
that the antioxidant activities of SOD and GPx were elevated in BC tissue compared with
healthy tissue [40,41]. These results may be explained by the fact that BC patients have
higher levels of oxidative stress and, thus, the body tries to compensate by increasing the
antioxidant response. Indeed, as suggested by other researchers, this could represent a
natural defense mechanism to fight carcinogenesis [2,3]. Although the knowledge in this
field has increased, it still remains to be clarified whether increased oxidative stress is the
cause or the consequence of BC or a combination of both.

Oxidative stress also plays a critical role in cancer treatment, with cytotoxic therapies
increasing oxidative damage to potentially kill tumor cells. Indeed, several anticancer
strategies, currently used alone or in combination, for BC are known to induce high levels
of oxidative stress [42–45]. This leads to significant depletion of endogenous antioxidant
systems in cancer cells and at a systemic level, inducing greater sensitivity to cell death
through redox signaling alterations [46–48].

In our pilot study, different biomarkers were used to assess systemic redox homeosta-
sis, e.g., enzymatic (SOD, CAT, and GPx) and nonenzymatic (tGSH) antioxidant systems,
total redox status (TAC and tFTHs), and lipid oxidative damage products (TBARs). In
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women, with BC, undergoing medical treatments (i.e., chemotherapy, hormone therapy,
and radiotherapy), we identified significant depletions in SOD activity and tGSH. These
molecules are known to protect proteins, lipids, and DNA from oxidative damage as well
as participate in regeneration of other antioxidants (i.e., vitamins C and E) [49]. Although
no significant effects were observed in antioxidant status or lipid peroxidation, we cannot
exclude effects on these parameters caused by increases in ROSs. Interestingly, patients
belonging to the CG also showed reduced gene expressions of SOD1 and HSP27 (HSPB1)
in PBMCs at the end of the experimental study. Human PBMCs contain many of the func-
tional cell types of the immune system (i.e., T and B cells, natural killers, and monocytes)
and represent an important cellular model to study immune responses and drug toxic-
ity [50]. Cells may employ several mechanisms to protect themselves from the effects of
toxicants, including modulation of gene-expression profiles related to molecules normally
involved in protection and adaptation under various stress conditions, including redox
imbalance [51,52]. The cellular response to stress is mainly represented at the molecular
level by increased synthesis of antioxidants and heat-shock proteins (HSPs), which may
contribute to reduced risks of different diseases [51–54]. While antioxidants scavenge free
radicals from cells and prevent or reduce damage caused by oxidation, the primary mecha-
nisms by which HSP27 act are (1) protein folding; (2) maintaining of cell structural integrity
by facilitating formation of the cytoskeletal elements, influencing their functions, and pro-
tecting the cytoskeleton during stress; (3) reduction in oxidative stress through modulation
of enzymes involved in the ROS-Glutathione pathway; and (4) suppression of apoptosis
or other kinds of cell death through inhibition of procaspase, caspase 3, and apoptosis
signal-regulating kinase 1 (ASK1) [55,56]. Therefore, downregulation of antioxidants and
HSPs during usual medical treatment could result in a higher-pro-oxidant environment and
decreased cellular ability to respond to stress (e.g., oxidative stress), contributing negatively
to clinical outcomes.

The role of PA, specifically regular exercise training, has been attributed to increased
antioxidant capacity and decreased oxidative-stress biomarkers in both healthy and dis-
eased conditions [25,31,51,55–61]. For instance, data, from our and other laboratories, on
trained subjects showed that the adaptive response of PBMCs in terms of modulation of
antioxidants and stress-induced markers was linked to rapid and substantial changes in
the gene-expression pattern, which correlates with improvements in other parameters of
health status [25,31,51,54,62–64]. Moreover, several studies showed that regular exercise
leads to an increase in antioxidant activity at the systemic level [55,57–59], which, in turn,
has been associated with decreased proliferative activity in breast tissue [65,66].

Our data confirmed a positive impact exerted by exercise training, even though differ-
ences in experimental design make comparing our results with those already published
in the exercise-oncology field difficult [55,57–59]. Indeed, the exercise training helped to
maintain constant plasmatic levels of antioxidants and cellular gene expression of SOD1
and HSP27, as well as to induce a significant increase in SOD2 expression at the cellular
level, preventing their depletion that would have been caused by medical treatment. In
light of these results, it is plausible to hypothesize that this improved management of the
redox-state parameters would also likely affect blood cytokine levels, reducing the risk of
BC development and progression as well as reducing distress symptoms that affect QoL in
BC patients.

Several biological pathways may explain the beneficial effects of PA on BC progression
or recurrence, including an effect on mediators of inflammation. The mechanisms through
which PA ameliorates inflammation are not yet fully clarified; however, it is known that
independently from the characteristics of exercise (i.e., type, intensity, frequency, and
duration), regular participation in PA has a positive effect on the immune system, so
much so that it can be considered a kind of “immunotherapy” capable of reducing risk of
developing inflammatory-related diseases [67–71]. Similarly to previous research [72–74],
we found that a customized online and home-based PA program would promote an anti-
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inflammatory response. Particularly, in BC patients that undertook PA for 16 weeks, there
was a significant decrease in IL6 and an increase in IL10.

IL6 is a proinflammatory cytokine released by various cells and plays a critical role in
expansion and differentiation of cancer cells [75]. This cytokine exerts these functions in
cooperation with various pathways; however, among them, IL6R/JAK/STAT3 is the most
important player in the pathway [75]. Increased levels of IL6, both in circulation and at the
tumor site, have been demonstrated in BC [76]. While this increase is usually associated
with poor prognosis and lower survival in BC patients, downregulation of IL6 is related to
better responses to treatment and improved QoL [77–80].

IL10 is a cytokine produced by almost all leukocytes [81], with the capacity to inhibit
release of proinflammatory mediators [82]. Similarly to IL6, binding of this cytokine with
its receptor (IL10R1) causes phosphorylation of JAK1 and TYK2. Once phosphorylated,
JAK1 further phosphorylates a signal transducer and an activator of transcription-3 through
AMPK. The signal transducer and activator of transcription-3 translocate into the nucleus
and upregulate anti-inflammatory genes. Interleukin-10 also activates the PI3K/Akt/mTORC
pathway and inhibits GSK3β to promote anti-inflammatory responses [83]. In BC, IL10
predominantly performs three biological activities that contribute to tumor-inhibiting
action: (1) promoting CD8+ T-cell activation and proliferation and (2) inhibiting both
T-cell-stimulated tumor-killing immunity by suppressing antigen presentation by APCs
and (3) tumor-promoting inflammation [83–85]. Interestingly, IL6 is known to promote
tumor growth by upregulating antiapoptotic and angiogenic proteins in tumor cells [75],
and elevated IL10 may inhibit tumor growth by suppressing IL6 production. This is
supported by the observation of an inverse correlation between IL10 and IL6 levels in
breast cancer patients [86].

Therefore, in the complex inflammatory milieu typical of BC, our results confirm that
PA could be an important strategy used alongside clinical routine to moderate the inflamma-
tory process during medical treatments. In addition, this could impact several intracellular
signaling pathways involved in cancer-cell growth, metastasis, and inflammation, as well
as distress symptoms, which negatively affect the QoL of BC patients.

Quality of life is a significant issue in BC patients and survival. During treatment,
about 54% of patients experience pain and sleep disturbances as well as an increase in body
weight associated with reduced functional capacity and cardiorespiratory fitness [14,78,87].
PA has been shown to be effective in improving physical functioning, in reducing treatment-
related fatigue, and in enhancing QoL in BC survivors and may be effective in preventing
weight gain [21–24,88–92]. Similarly, in agreement with the aforementioned studies, a home-
based PA program during medical treatments was safe and feasible and had beneficial
effects on physical fitness and mental well-being. As expected, we found significant effects
of exercise on BMI and body composition (i.e., FAT% and FFM%). A multitude of studies
have demonstrated that women who are overweight/obese at the time of BC diagnosis are
at an increased risk of cancer recurrence and death when compared with leaner women.
Furthermore, some evidence suggests that women who gain weight after BC diagnosis
may also be at an increased risk of poorer clinical outcomes [93]. Exercise also improved
the functional capacities of patients enrolled in our study, which is in agreement with
Galiano-Catillo and colleagues [21]. Indeed, the 6MWT could be used as a measure of
global health in women with breast cancer [21]. Moreover, the improvement in mobility
and flexibility of the upper limbs highlights how this protocol could reduce negative side
effects induced by invasive surgeries (i.e., mastectomy). However, in our study, significant
improvement was shown only in the physical function subscale of the EORTC-C-30 and in
the cognitive fatigue scale of the FA-12. Thus, despite the fact that exercise was proven to
improve QoL and fatigue, there were only slight differences in their respective domains.
This is likely due to differences in the characteristics of the patients, the exercise, and the
measurement methods when compared with other published results.

Limitations to this pilot study include the small sample size and the use of a heteroge-
neous BC population (various subtypes of BC) with various clinical characteristics (i.e., tu-
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mor size, nodal status, histological grade) and undergoing different adjuvant therapies
(radiotherapy, hormone therapy, chemotherapy). This may have hidden some significant
changes in the parameters we considered. Therefore, further large prospective studies are
required to determine the impact of adapted PA on specific subtypes of BC, focusing on the
study of their molecular/mechanistic aspects and their possible correlation with specific
clinical outcomes. Moreover, follow-up should be considered to understand the duration
of beneficial effects.

5. Conclusions

In conclusion, this pilot study highlights promising results demonstrating that in
postsurgery BC patients, a 16-week online and home-based PA intervention, supervised by a
kinesiologist, was not only crucial in improving functional and anthropometric parameters
but may have also activated cellular responses through a multitude of actions. These
may have included modulation of gene expression and protein activity, impacting several
signaling pathways/biological activities involved in tumor-cell growth, metastasis, and
inflammation, as well as moderating distress symptoms known to negatively affect QoL
(Figure 4).
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sured in female breast cancer patients in the Exercise Group (EG), where patients received the
usual cancer treatments and participated in a 16-week online exercise training program. These
markers/parameters are important to improving functional and anthropometric parameters and
to activating cellular responses through a multitude of actions (such as modulation of gene expres-
sion and protein activity that impacts several signaling pathways/biological activities) involved in
tumor-cell growth, metastasis, and inflammation, as well as affecting distress symptoms known to
negatively affect QoL. QoL, quality of life; SOD, superoxide dismutase; HSP, heat-shock protein; IL,
interleukin; BMI, body mass index; FAT, fat mass; FFM, free fat mass.

Given the massive amounts of reports linking ROSs to almost every step of tumori-
genesis, various authors have proposed that ROS-generating and -scavenging systems
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are potential targets for cancer therapy. However, to date, less attention has been given
to development of alternative redox-system-targeted strategies for BC therapy, such as
PA, to complement current adjuvant therapy. We strongly believe that our findings will
provide useful information for investigators who conduct exercise trials in cancer popula-
tions, clinicians who treat women diagnosed with breast cancer, and those who develop
community-based exercise programs for cancer survivors.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/antiox12051138/s1; Table S1: Sequence of primers used for
RT−qPCR analysis.

Author Contributions: Conceptualization, I.D. and E.G.; methodology, I.D., C.F., G.D., C.A., E.G.,
A.M. and C.M.; formal analysis, I.D., C.A., E.G. and G.D.; investigation, I.D., E.G. and A.P.; resources,
I.D., A.P. and P.S.; data curation, I.D., C.A., E.G., G.D. and C.M.; writing—original draft preparation,
I.D. and E.G.; writing—review and editing, I.D., C.A., E.G., A.P., D.C., R.C., L.D.L., G.D. and C.C.;
visualization, I.D., C.M. and E.G.; patient recruitment and clinical evaluations, M.C.V., P.P., S.M.N.,
F.C. and S.F.; supervision, I.D. and A.P.; project administration, I.D. and A.P. All authors have read
and agreed to the published version of the manuscript.

Funding: This work was supported by research grants of the University of Rome “Foro Italico”
(Research Grant 2017 Prot. 18/002168-GEN-CDR2.BANDO2017.PA and PNR 2021-2027, DM n. 737
del 25-06-2021).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the University of Rome “Sapienza” (RIF.CE:
5451_2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical and privacy reasons.

Acknowledgments: We thank our patients for their confidence in this research team.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of this study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Nourazarian, A.R.; Kangari, P.; Salmaninejad, A. Roles of Oxidative Stress in the Development and Progression of Breast Cancer.
Asian Pac. J. Cancer Prev. 2014, 15, 4745–4751. [CrossRef] [PubMed]

3. Kruk, J. Overweight, Obesity, Oxidative Stress and the Risk of Breast Cancer. Asian Pac. J. Cancer Prev. 2014, 15, 9579–9586.
[CrossRef]

4. Toyokuni, S.; Okamoto, K.; Yodoi, J.; Hiai, H. Persistent Oxidative Stress in Cancer. FEBS Lett. 1995, 358, 1–3. [CrossRef] [PubMed]
5. Ichikawa, Y.; Ghanefar, M.; Bayeva, M.; Wu, R.; Khechaduri, A.; Prasad, S.V.N.; Mutharasan, R.K.; Naik, T.J.; Ardehali, H.

Cardiotoxicity of Doxorubicin Is Mediated through Mitochondrial Iron Accumulation. J. Clin. Investig. 2014, 124, 617–630.
[CrossRef]

6. Sangeetha, P. Increase in Free Radical Generation and Lipid Peroxidation Following Chemotherapy in Patients with Cancer. Free
Radic. Biol. Med. 1990, 8, 15–19. [CrossRef]

7. Sies, H. Oxidative Eustress: On Constant Alert for Redox Homeostasis. Redox Biol. 2021, 41, 101867. [CrossRef]
8. Behrend, L.; Henderson, G.; Zwacka, R.M. Reactive Oxygen Species in Oncogenic Transformation. Biochem. Soc. Trans. 2003, 31,

1441–1444. [CrossRef]
9. Campbell, K.L.; Winters-Stone, K.M.; Wiskemann, J.; May, A.M.; Schwartz, A.L.; Courneya, K.S.; Zucker, D.S.; Matthews,

C.E.; Ligibel, J.A.; Gerber, L.H.; et al. Exercise Guidelines for Cancer Survivors: Consensus Statement from International
Multidisciplinary Roundtable. Med. Sci. Sports Exerc. 2019, 51, 2375–2390. [CrossRef]

10. Furmaniak, A.C.; Menig, M.; Markes, M.H. Exercise for Women Receiving Adjuvant Therapy for Breast Cancer. Cochrane Database
Syst. Rev. 2016, 9, CD005001. [CrossRef]

https://www.mdpi.com/article/10.3390/antiox12051138/s1
https://www.mdpi.com/article/10.3390/antiox12051138/s1
https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.7314/APJCP.2014.15.12.4745
https://www.ncbi.nlm.nih.gov/pubmed/24998536
https://doi.org/10.7314/APJCP.2014.15.22.9579
https://doi.org/10.1016/0014-5793(94)01368-B
https://www.ncbi.nlm.nih.gov/pubmed/7821417
https://doi.org/10.1172/JCI72931
https://doi.org/10.1016/0891-5849(90)90139-A
https://doi.org/10.1016/j.redox.2021.101867
https://doi.org/10.1042/bst0311441
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1002/14651858.CD005001.pub3


Antioxidants 2023, 12, 1138 17 of 20

11. Casla, S.; Hojman, P.; Márquez-Rodas, I.; López-Tarruella, S.; Jerez, Y.; Barakat, R.; Martín, M. Running Away from Side Effects:
Physical Exercise as a Complementary Intervention for Breast Cancer Patients. Clin. Transl. Oncol. 2015, 17, 180–196. [CrossRef]
[PubMed]

12. Christensen, J.F.; Jones, L.W.; Andersen, J.L.; Daugaard, G.; Rorth, M.; Hojman, P. Muscle Dysfunction in Cancer Patients. Ann.
Oncol. 2014, 25, 947–958. [CrossRef] [PubMed]

13. Tranchita, E.; Murri, A.; Grazioli, E.; Cerulli, C.; Emerenziani, G.P.; Ceci, R.; Caporossi, D.; Dimauro, I.; Parisi, A. The Beneficial
Role of Physical Exercise on Anthracyclines Induced Cardiotoxicity in Breast Cancer Patients. Cancers 2022, 14, 2288. [CrossRef]

14. Demark-Wahnefried, W.; Peterson, B.; McBride, C.; Lipkus, I.; Clipp, E. Current Health Behaviors and Readiness to Pursue
Life-Style Changes among Men and Women Diagnosed with Early Stage Prostate and Breast Carcinomas. Cancer 2000, 88, 674–684.
[CrossRef]

15. Armfield, N.R.; Bradford, M.; Bradford, N.K. The Clinical Use of Skype—For Which Patients, with Which Problems and in Which
Settings? A Snapshot Review of the Literature. Int. J. Med. Inf. 2015, 84, 737–742. [CrossRef]

16. Vasankari, V.; Halonen, J.; Husu, P.; Vähä-Ypyä, H.; Tokola, K.; Suni, J.; Sievänen, H.; Anttila, V.; Airaksinen, J.; Vasankari,
T.; et al. Personalised EHealth Intervention to Increase Physical Activity and Reduce Sedentary Behaviour in Rehabilitation after
Cardiac Operations: Study Protocol for the PACO Randomised Controlled Trial (NCT03470246). BMJ Open Sport Exerc. Med. 2019,
5, e000539. [CrossRef]

17. Schinköthe, T. Individualized EHealth Support for Oncological Therapy Management. Breast Care 2019, 14, 130–134. [CrossRef]
18. Bertucci, F.; Le Corroller-Soriano, A.-G.; Monneur-Miramon, A.; Moulin, J.-F.; Fluzin, S.; Maraninchi, D.; Gonçalves, A. Outpatient

Cancer Care Delivery in the Context of E-Oncology: A French Perspective on “Cancer Outside the Hospital Walls”. Cancers 2019,
11, 219. [CrossRef]

19. Grazioli, E.; Cerulli, C.; Dimauro, I.; Moretti, E.; Murri, A.; Parisi, A. New Strategy of Home-Based Exercise during Pandemic
COVID-19 in Breast Cancer Patients: A Case Study. Sustainability 2020, 12, 6940. [CrossRef]

20. Sagarra-Romero, L.; Butragueño, J.; Gomez-Bruton, A.; Lozano-Berges, G.; Vicente-Rodríguez, G.; Morales, J.S. Effects of an
Online Home-Based Exercise Intervention on Breast Cancer Survivors during COVID-19 Lockdown: A Feasibility Study. Support.
Care Cancer 2022, 30, 6287–6297. [CrossRef]

21. Galiano-Castillo, N.; Cantarero-Villanueva, I.; Fernández-Lao, C.; Ariza-García, A.; Díaz-Rodríguez, L.; Del-Moral-Ávila, R.;
Arroyo-Morales, M. Telehealth System: A Randomized Controlled Trial Evaluating the Impact of an Internet-Based Exercise
Intervention on Quality of Life, Pain, Muscle Strength, and Fatigue in Breast Cancer Survivors: Telehealth System in Breast
Cancer. Cancer 2016, 122, 3166–3174. [CrossRef] [PubMed]

22. Cornette, T.; Vincent, F.; Mandigout, S.; Antonini, M.T.; Leobon, S.; Labrunie, A.; Venat, L.; Lavau-Denes, S.; Tubiana-Mathieu,
N. Effects of Home-Based Exercise Training on VO2 in Breast Cancer Patients under Adjuvant or Neoadjuvant Chemotherapy
(SAPA): A Randomized Controlled Trial. Eur. J. Phys. Rehabil. Med. 2016, 52, 223–232. [PubMed]

23. Spector, D.; Deal, A.M.; Amos, K.D.; Yang, H.; Battaglini, C.L. A Pilot Study of a Home-Based Motivational Exercise Program
for African American Breast Cancer Survivors: Clinical and Quality-of-Life Outcomes. Integr. Cancer Ther. 2014, 13, 121–132.
[CrossRef]

24. Pinto, B.M.; Frierson, G.M.; Rabin, C.; Trunzo, J.J.; Marcus, B.H. Home-Based Physical Activity Intervention for Breast Cancer
Patients. J. Clin. Oncol. 2005, 23, 3577–3587. [CrossRef]

25. Paronetto, M.P.; Dimauro, I.; Grazioli, E.; Palombo, R.; Guidotti, F.; Fantini, C.; Sgrò, P.; De Francesco, D.; Di Luigi, L.; Capranica,
L.; et al. Exercise-Mediated Downregulation of MALAT1 Expression and Implications in Primary and Secondary Cancer
Prevention. Free Radic. Biol. Med. 2020, 160, 28–39. [CrossRef]

26. Di Luigi, L.; Sgrò, P.; Duranti, G.; Sabatini, S.; Caporossi, D.; Del Galdo, F.; Dimauro, I.; Antinozzi, C. Sildenafil Reduces Expression
and Release of IL-6 and IL-8 Induced by Reactive Oxygen Species in Systemic Sclerosis Fibroblasts. Int. J. Mol. Sci. 2020, 21, 3161.
[CrossRef] [PubMed]

27. Ceci, R.; Beltran Valls, M.R.; Duranti, G.; Dimauro, I.; Quaranta, F.; Pittaluga, M.; Sabatini, S.; Caserotti, P.; Parisi, P.; Parisi, A.; et al.
Oxidative Stress Responses to a Graded Maximal Exercise Test in Older Adults Following Explosive-Type Resistance Training.
Redox Biol. 2014, 2, 65–72. [CrossRef]

28. Ceci, R.; Duranti, G.; Giuliani, S.; Rossi, M.N.; Dimauro, I.; Sabatini, S.; Mariottini, P.; Cervelli, M. The Impact of Spermidine on
C2C12 Myoblasts Proliferation, Redox Status and Polyamines Metabolism under H2O2 Exposure. Int. J. Mol. Sci. 2022, 23, 10986.
[CrossRef]

29. Ceci, R.; Maldini, M.; Olson, M.E.; Crognale, D.; Horner, K.; Dimauro, I.; Sabatini, S.; Duranti, G. Moringa Oleifera Leaf Extract
Protects C2C12 Myotubes against H2O2-Induced Oxidative Stress. Antioxidants 2022, 11, 1435. [CrossRef]

30. Colamartino, M.; Duranti, G.; Ceci, R.; Sabatini, S.; Testa, A.; Cozzi, R. A Multi-Biomarker Analysis of the Antioxidant Efficacy of
Parkinson’s Disease Therapy. Toxicol. Vitr. 2018, 47, 1–7. [CrossRef]

31. Ceci, R.; Duranti, G.; Di Filippo, E.S.; Bondi, D.; Verratti, V.; Doria, C.; Caporossi, D.; Sabatini, S.; Dimauro, I.; Pietrangelo, T.
Endurance Training Improves Plasma Superoxide Dismutase Activity in Healthy Elderly. Mech. Ageing Dev. 2020, 185, 111190.
[CrossRef]

32. Lee, P.H.; Macfarlane, D.J.; Lam, T.H.; Stewart, S.M. Validity of the International Physical Activity Questionnaire Short Form
(IPAQ-SF): A systematic review. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 115. [CrossRef] [PubMed]

https://doi.org/10.1007/s12094-014-1184-8
https://www.ncbi.nlm.nih.gov/pubmed/24894838
https://doi.org/10.1093/annonc/mdt551
https://www.ncbi.nlm.nih.gov/pubmed/24401927
https://doi.org/10.3390/cancers14092288
https://doi.org/10.1002/(SICI)1097-0142(20000201)88:3&lt;674::AID-CNCR26&gt;3.0.CO;2-R
https://doi.org/10.1016/j.ijmedinf.2015.06.006
https://doi.org/10.1136/bmjsem-2019-000539
https://doi.org/10.1159/000500900
https://doi.org/10.3390/cancers11020219
https://doi.org/10.3390/su12176940
https://doi.org/10.1007/s00520-022-07069-4
https://doi.org/10.1002/cncr.30172
https://www.ncbi.nlm.nih.gov/pubmed/27332968
https://www.ncbi.nlm.nih.gov/pubmed/25986222
https://doi.org/10.1177/1534735413503546
https://doi.org/10.1200/JCO.2005.03.080
https://doi.org/10.1016/j.freeradbiomed.2020.06.037
https://doi.org/10.3390/ijms21093161
https://www.ncbi.nlm.nih.gov/pubmed/32365773
https://doi.org/10.1016/j.redox.2013.12.004
https://doi.org/10.3390/ijms231910986
https://doi.org/10.3390/antiox11081435
https://doi.org/10.1016/j.tiv.2017.10.020
https://doi.org/10.1016/j.mad.2019.111190
https://doi.org/10.1186/1479-5868-8-115
https://www.ncbi.nlm.nih.gov/pubmed/22018588


Antioxidants 2023, 12, 1138 18 of 20

33. ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories ATS Statement: Guidelines for the
Six-Minute Walk Test. Am. J. Respir. Crit. Care Med. 2002, 166, 111–117. [CrossRef]

34. Aaronson, N.K.; Ahmedzai, S.; Bergman, B.; Bullinger, M.; Cull, A.; Duez, N.J.; Filiberti, A.; Flechtner, H.; Fleishman, S.B.; Haes,
J.C.J.M.D.; et al. The European Organization for Research and Treatment of Cancer QLQ-C30: A Quality-of-Life Instrument for
Use in International Clinical Trials in Oncology. JNCI J. Natl. Cancer Inst. 1993, 85, 365–376. [CrossRef] [PubMed]

35. Weis, J.; Tomaszewski, K.A.; Hammerlid, E.; Ignacio Arraras, J.; Conroy, T.; Lanceley, A.; Schmidt, H.; Wirtz, M.; Singer, S.; Pinto,
M.; et al. International Psychometric Validation of an EORTC Quality of Life Module Measuring Cancer Related Fatigue (EORTC
QLQ-FA12). JNCI J. Natl. Cancer Inst. 2017, 109, djw273. [CrossRef] [PubMed]

36. Martinez-Outschoorn, U.E.; Balliet, R.M.; Rivadeneira, D.; Chiavarina, B.; Pavlides, S.; Wang, C.; Whitaker-Menezes, D.; Daumer,
K.; Lin, Z.; Witkiewicz, A.; et al. Oxidative Stress in Cancer Associated Fibroblasts Drives Tumor-Stroma Co-Evolution: A New
Paradigm for Understanding Tumor Metabolism, the Field Effect and Genomic Instability in Cancer Cells. Cell Cycle 2010, 9,
3276–3296. [CrossRef]

37. Feng, J.-F.; Lu, L.; Zeng, P.; Yang, Y.-H.; Luo, J.; Yang, Y.-W.; Wang, D. Serum Total Oxidant/Antioxidant Status and Trace Element
Levels in Breast Cancer Patients. Int. J. Clin. Oncol. 2012, 17, 575–583. [CrossRef]

38. Danesh, H.; Ziamajidi, N.; Mesbah-Namin, S.A.; Nafisi, N.; Abbasalipourkabir, R. Association between Oxidative Stress
Parameters and Hematological Indices in Breast Cancer Patients. Int. J. Breast Cancer 2022, 2022, 1459410. [CrossRef]

39. Seth, L.R.K.; Kharb, S.; Kharb, D.P. Serum Biochemical Markers in Carcinoma Breast. Indian J. Med. Sci. 2003, 57, 350–354.
40. Rajneesh, C.P.; Manimaran, A.; Sasikala, K.R.; Adaikappan, P. Lipid Peroxidation and Antioxidant Status in Patients with Breast

Cancer. Singapore Med. J. 2008, 49, 640–643.
41. Punnonen, K.; Ahotupa, M.; Asaishi, K.; Hyöty, M.; Kudo, R.; Punnonen, R. Antioxidant Enzyme Activities and Oxidative Stress

in Human Breast Cancer. J. Cancer Res. Clin. Oncol. 1994, 120, 374–377. [CrossRef] [PubMed]
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