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Abstract. Sarcopenia is a prevalent and clinically
significant condition, particularly among older age groups
and those with chronic disease. Patients with cancer
frequently suffer from sarcopenia and progressive loss of
muscle mass, strength, and function. The complex interplay
between cancer and its treatment, including medical therapy,
radiotherapy, and surgery, significantly contributes to the
onset and worsening of sarcopenia. Cancer induces muscle
wasting  through inflammatory processes, metabolic
alterations, and hormonal imbalance. Moreover, medical and
radiation therapies exert direct toxic effects on muscles,
contributing to the impairment of physical function. Loss of
appetite, malnutrition, and physical inactivity further
exacerbate muscle wasting in cancer patients. Imaging
techniques are the cornerstones for sarcopenia diagnosis.
Magnetic resonance imaging, computed tomography, and
dual-energy X-ray absorptiometry provide valuable insights
into muscle structure and quality. Although each modality has
advantages and limitations, magnetic resonance imaging
produces high-resolution images and provides dynamic
information about muscle function. Despite these challenges,
addressing sarcopenia is essential for optimizing treatment
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outcomes and improving survival rates in patients with
cancer. This review explored the factors contributing to
sarcopenia in oncologic patients, emphasizing the importance
of early detection and comprehensive management strategies.

Sarcopenia is a common and clinically significant condition,
particularly in older patients. Its prevalence rates may differ
depending on the diagnostic criteria and demographics of the
study population, ranging from 0.2% to 86.5% (1).
Sarcopenia is defined as a condition marked by “the
progressive loss of muscle mass, strength, and function” and
is frequently observed in oncologic patients (2). The
presence of cancer, along with medical treatment, radiation
therapy, and surgery, can significantly contribute to the onset
and worsening of sarcopenia in these patients (3). Cancer can
induce muscle wasting via various mechanisms. Tumors
often trigger a cascade of inflammatory processes within the
body, leading to the breakdown of muscle tissue (4).
Additionally, the metabolic demands of proliferating cancer
cells may divert essential nutrients away from muscles,
accelerating their protein degradation. Moreover, hormonal
imbalances associated with certain types of cancer can
exacerbate muscle loss (5). Although crucial in treating
cancer, radiation therapy can have direct toxic effects on
muscles, inducing muscle atrophy and weakness, and
ultimately impairing the patient’s physical function (6-8).
Furthermore, treatment-related side effects, such as nausea,
vomiting, and fatigue can lead to reduced food intake,
decreased physical activity, and muscle wasting. Cancer-
related surgical procedures may also contribute to the
development of sarcopenia. Surgical trauma, coupled with
postoperative immobility and reduced dietary intake, can
lead to further muscle loss and functional decline (7).
Overall, the combination of cancer, its treatments, and their
impact on psychological and physical performance creates a
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perfect storm for the development and worsening of
sarcopenia in oncologic patients. Addressing this condition
is essential for optimizing treatment outcomes, maintaining
the quality of life, and improving overall survival rates.

In this narrative review, we explored various factors
contributing to sarcopenia in patients with cancer. We
investigated the direct effects of cancer, including
inflammatory cytokines and altered metabolism, as well as
the impact of cancer treatment. Additionally, this study
examined how factors, such as loss of appetite, hormonal
changes, and physical inactivity may exacerbate muscle
wasting in this population and the role of imaging techniques
in evaluating sarcopenia.

Definition and Diagnostics of Sarcopenia

Sarcopenia is a complex condition of growing clinical
significance, particularly among aging populations and those
affected by chronic diseases such as cancer. The burgeoning
interest in sarcopenia has led to a pivotal shift in its
conceptualization. In 2018, the European Working Group on
Sarcopenia in Older People 2 (EWGSOP2) reconceptualized
sarcopenia as a muscle disease, emphasizing muscle failure
wherein low muscle strength supersedes low muscle mass as
the primary determinant (8). In oncologic patients, sarcopenia
presents unique challenges owing to the interplay of cancer
itself and its treatments, which can exacerbate muscle wasting.

Imaging techniques for diagnosing sarcopenia are crucial
for comprehensively assessing muscle structure and
providing insights into both quantitative and qualitative
aspects. Dual-energy X-ray absorptiometry (DEXA) is a
commonly used method that utilizes X-ray beams to measure
bone density and soft tissue composition, including muscle
mass (9). The EWGSOP endorsed the utilization of DEXA,
specifically for calculating the appendicular lean mass index
(ALMI= ALM/heightz) to delineate sarcopenia or low
muscle mass, with defined cutoff values of <5.5 kg/m2 in
women and ALMI <7.0 kg/m2 (10, 11). While DEXA offers
simultaneous assessment of body composition and bone
health, limitations exist, such as the inability to measure
intramuscular adipose tissue accurately, which influences
muscle quality evaluation (11). Additionally, factors such as
body thickness and hydration status can affect the results,
potentially leading to overestimation of muscle mass,
particularly in obese individuals (12).

Computed tomography (CT) is increasingly employed for
sarcopenia screening, effectively assessing muscle mass and
quality, and serving as the gold standard for body
composition analysis, especially in nutritionally vulnerable
patients, even if radiation exposure may represent a
limitation (13). Nevertheless, the advantage for oncologic
patients lies in the opportunity to analyze the muscle status
in routine CT scans. CT allows precise quantitative tissue

measurements, including intramuscular fat identification,
although manual measurements can be time-consuming and
prone to errors, thus requiring expertise for interpretation
(10). A straightforward and rapid method for estimating
whole-body skeletal muscle mass involves calculating the
cross-sectional areas of muscles, such as the psoas or
abdominal muscles, at the third (L3) or fourth (L4) lumbar
vertebrae to reduce motion artifacts (14). CT measurements
can be performed manually by outlining the regions of
interest using standardized thresholds on non-contrast-
enhanced images. These values can be normalized with
respect to height to obtain the Skeletal Muscle Index (SMI).
A recent systematic review conducted by Rossi et al.
suggested that SMI cutoff values are generally <41 cm?/m?
for men or <38.5 cm%/m? for women (15).

Magnetic resonance imaging (MRI) stands out because of
its ability to produce high-resolution images, which enable a
detailed evaluation of both muscle quantity and quality.
Unlike other imaging modalities, MRI offers excellent soft
tissue contrast, allowing for the precise delineation of muscle
boundaries and differentiation between muscle and
surrounding tissues, such as fat and connective tissue. This
superior imaging capability enables clinicians to accurately
measure muscle volume, cross-sectional area, and
composition, including the intramuscular fat content (16).
Moreover, MRI provides dynamic information on muscle
function, such as muscle activation patterns and tissue
perfusion, which can offer valuable insights into muscle
health and performance. Additionally, advanced MRI
techniques, such as diffusion-weighted imaging and
magnetic resonance spectroscopy, allow for non-invasive
assessment of muscle microstructure and metabolism,
providing further depth to evaluate muscle quality (17).
Furthermore, MRI is a radiation-free imaging modality,
making it particularly suitable for longitudinal studies and
repeated assessments, like oncological populations. Despite
its advantages, the need for consensus regarding standardized
methods, threshold values, and quantification techniques for
diagnosing sarcopenia limits much of its utility for research
purposes. Finally, recent guidelines from the European
Geriatric Medicine Society propose a protocol for using
ultrasound (US) to assess muscle mass, including parameters,
such as muscle thickness, cross-sectional area, echo intensity,
pennation angle, fascicle length, and elastography (18).
However, despite its potential, the lack of normative data and
standardized protocols for diagnosing sarcopenia using US
has limited its clinical application. Furthermore, the absence
of established cut-off points adds to these limitations (10).

Clinical and Non-imaging Assessment of Sarcopenia

Various clinical and physical tests are available to assess
sarcopenia. The gold standard for sarcopenia assessment
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involves a combination of methods including lean body mass
(LBM) imaging, anthropometric measurements such as mid-
upper arm circumference (MUAC), and muscle strength
assessments. These comprehensive tests are the gold
standards for sarcopenia assessment (19). Table I summarizes
these assessments. These tests have gained increasing
prominence according to the EWGSOP2, which considers
low muscle strength as the primary indicator for diagnosing
sarcopenia while also introducing muscle quality as a new
diagnostic criterion (9, 10).

While the tools mentioned above were initially designed
for screening individuals, they have been validated and
applied in oncology populations (20, 21). The SARC-F
questionnaire was recently introduced to assess sarcopenia
in older adults. It consists of five domains: strength, the need
for walking assistance, rising from a chair, climbing stairs,
and falling. Each question is scored from 0 to 2, with a
maximum total score of 10. Higher scores indicate a higher
likelihood of sarcopenia (21). In a cohort study conducted
by Williams et al., which primarily involved patients with
stage III/IV cancer, approximately 30% of older adults with
cancer screened positive for sarcopenia based on the SARC-
F questionnaire (21). In this context, bioelectrical impedance
analysis (BIA) measurements offer a quick, noninvasive, and
relatively inexpensive method for assessing body
composition, including muscle mass, in both clinical and
research settings (22, 23). The BIA is based on measuring
the resistance encountered by a low-level electrical current
through the body. Because muscles contain more water and
electrolytes and conduct electricity better than fat or bone,
the measured impedance can be used to estimate various
body composition parameters. A systematic review
conducted by Aleixo et al. concluded that BIA is endorsed
by Asian and European guidelines for objectively assessing
body composition (24). However, its utility could be further
improved by establishing an international consensus on
cutoff points for BIA-assessed sarcopenia across various
cancer populations.

Causes Participating in Sarcopenia
Development and Progression

Table IT summarizes the factors involved in the development
and progression of sarcopenia in cancer patients. These
include the direct effects of cancer and oncological
treatments as well as anorexia, malnutrition, reduced
physical activity, and metabolic/hormonal changes.

Direct Effects of Cancer
The direct effects of cancer on muscle wasting are complex

and multifaceted. Cancer cells initiate a cascade of biological
processes that contribute to muscle tissue degradation.

Genetic mutations instigate the creation of an inflammatory
environment wherein inflammation, particularly in the
extrinsic pathway, promotes the onset, progression, and
metastasis of cancer, with implications for sarcopenia (2, 4).
One significant mechanism involves the release of
inflammatory cytokines by tumor cells and the tissue
microenvironment. Cytokines, such as interleukin-6 (IL-6),
interleukin-1 (IL-1), tumor necrosis factor-alpha (TNF-a),
and transforming growth factor-p (TGF-f3) promote a state
of chronic inflammation that accelerates muscle protein
breakdown and inhibits muscle protein synthesis (25). A
recent animal study by Wu et al. uncovered a novel pathway
in the development of sarcopenia, implicating TNF-a/
caspase-8/caspase-3/GSDME signaling-mediated pyroptosis,
inducing cell death, and exacerbating tissue injury through
inflammatory cascades (26, 27). Consequently, pyroptosis
triggered by TNF-a in the skeletal muscle culminates in the
demise of muscle fibers and tissue impairment by releasing
inflammatory mediators. Moreover, recent research has
revealed that caspase-3-cleaved gastrin E (GSDME-N) can
generate pores in the mitochondrial membrane, fostering the
release of cytochrome c, which subsequently amplifies
caspase-3 activation, thereby establishing a self-perpetuating
feedback loop that intensifies cellular and tissue damage
(28). Additionally, cancer-induced alterations in metabolism,
including increased energy expenditure and changes in
hormone levels further exacerbate muscle wasting (29).
Furthermore, tumors can compete for nutrients with healthy
tissues, diverting essential amino acids and other substrates
from the muscle tissue to fuel their growth and proliferation
(30). Metabolic dysregulation in cancer is related to the
complex interplay between cancer cells and the host
environment, and is modulated by pivotal oncogenes, tumor
suppressors, and regulatory molecules, including non-coding
RNAs. Metabolic alterations in cancer are highly adaptable,
reflecting the dynamic changes influenced by the tumor type
and the surrounding microenvironment. This complexity has
shifted focus from traditional concepts like the Warburg
Effect to a broader understanding of metabolic plasticity,
encompassing phenomena such as the "reverse Warburg
Effect" (31). This evolving perspective highlights the
dynamic nature of cancer metabolism and its therapeutic
implications. This metabolic hijacking contributes to the
progressive loss of muscle mass observed in many cancer
patients. Overall, the direct effects of cancer on muscle
wasting underscore the importance of addressing this aspect
of the disease in the management and treatment of patients
with cancer. Metabolic dysfunction significantly contributes
to the clinical decline seen in patients with advanced cancer,
manifesting as weight loss, skeletal muscle wasting, and
adipose tissue atrophy. Known as cancer-associated cachexia
(CAC), this systemic syndrome is a pivotal factor in
morbidity and mortality rates among cancer patients (32).
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Table 1. Imaging techniques and test for the assessment of sarcopenia.

Imaging technique

Pros

Cons

Dual-energy X-ray
Absorptiometry (DEXA)

Computed tomography

Magnetic resonance imaging

- Simultaneous assessment of body
composition and bone health.
- Widely used method.

- Gold standard for body composition analysis.

- Effective assessment of muscle mass and quality.
- Allows precise quantitative tissue measurements.
- Identification of intramuscular fat.

- High-resolution images enable detailed evaluation
of muscle quantity and quality.

- Excellent soft tissue contrast.

- Dynamic information about muscle function.

- Non-invasive assessment of muscle
microstructure and metabolism.

- Radiation-free imaging modality.

- Inability to measure intramuscular
adipose tissue accurately.

- Potential overestimation of muscle mass,
particularly in obese individuals.

- Influence of factors such as body thickness
and hydration status on results.

- Radiation exposure poses a limitation.

- Manual measurements can be time-consuming
and prone to errors.

- Varied cutoff values for the Skeletal Muscle
Index (SMI) highlight the necessity for
standardized consensus.

- Higher cost compared to other modalities.

- Longer scan times.

- Contraindications for certain patients with
metal implants or claustrophobia.

Test

Method

Cutoffs

MUAC

Skin-fold thickness

Calf circumference

Grip strength

Chair stand

Timed Up and Go test (TGUG)

Short physical performance
battery (SPPB)

Stair Climb Power Test (SCPT)

Circumference at halfway point between the
olecranon process and acromion while arm
is bent at 90 degrees

Caliper on posterior aspect of arm, halfway
between olecranon process and acromion,
measured to the nearest 0.1 mm

Maximum circumference of calf of lower
nondominant leg bent at 90 degrees

Dynamometer in dominant hand with base
resting in the palm
Maximal isometric effort for 5 seconds

Time needed to rise from seated five times

Time needed to rise from seated and walk
3 meters away and back with return to seated

Time to walk 4 meters

Feet in a parallel paired position for 10 seconds
Feet in a parallel nonpaired position for 10 seconds
Chair stand as above

Each component scored on a scale of 0-4

with 0 equating to test failure and 4

equating to full achievement

Timed climb of a flight of stairs (4-11 stairs)
Calculated in watts using equation

<22.5 cm

Variable, dependent on age and sex

<31 cm

Men: <27 kg Women: <16 kg

>20 seconds

<8 points

Variable with age

Variable with age
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Table II. Causes participating to sarcopenia development and progression in cancer patients.

Direct effects of cancer

- Multifaceted and complex impacts on muscle wasting

- Initiation of biological processes leading to muscle degradation
- Creation of an inflammatory environment by genetic mutations

- Release of inflammatory cytokines exacerbating muscle protein breakdown
- Novel pathways discovered implicating TNF-a/caspase-8/caspase-3/GSDME signaling
- Metabolic dysregulation and nutrient competition exacerbating muscle wasting

Cancer treatment

- Chemotherapy and radiation therapy’s profound effects on healthy tissues, including skeletal muscle

- Direct muscle damage induced by chemotherapeutic agents

- Mechanistic insights into chemotherapy’s disruption of intracellular signaling pathways
- Non-selective impact of platinum-based chemotherapeutic agents on muscle tissues

- Oxidative stress and DNA damage triggered by radiation therapy
Loss of appetite and malnutrition

- Prevalence and exacerbation of malnutrition by cancer-related metabolic alterations and treatments
- Mechanisms leading to inadequate caloric and protein intake, triggering muscle wasting
- Comprehensive nutritional assessment and intervention strategies to mitigate malnutrition’s impact on sarcopenia

Hormonal changes

- Significance of hormonal imbalances in contributing to sarcopenia’s development and progression
- Multiple mechanisms leading to alterations in testosterone levels in cancer patients

- Broader implications of hormonal dysregulation beyond muscle wasting

- Potential therapeutic approaches targeting hormone imbalances in sarcopenia management

Physical inactivity
- Challenges posed by physical inactivity in oncologic patient care

- Pervasive nature of cancer-related fatigue and pain hindering physical activity
- Impact of reduced physical activity on metabolic changes and muscle wasting
- Recommendations for tailored interventions to alleviate cancer-related symptoms and promote physical activity

Cancer Treatment

Chemotherapy and radiation therapy exert profound effects on
tumor cells and healthy tissues, including the skeletal muscle.
Chemotherapeutic agents, known for their cytotoxic properties,
can directly induce muscle damage, initiating a cascade of
molecular events that culminate in muscle atrophy and
weakness (33). In an observational cohort study by Best et al.,
30% of patients diagnosed with metastatic colorectal cancer
who underwent chemotherapy showed a reduction in skeletal
muscle mass exceeding 5% within three months. This decline
in muscle mass was independently associated with poorer
overall survival, irrespective of the mutational status (34).
Mechanistically, chemotherapy disrupts intracellular signaling
pathways that are vital for muscle homeostasis. For example,
tyrosine kinases and immune checkpoint inhibitors represent
innovative anticancer therapies that target distinct pathways
within cancer cells to impede their growth and survival.
However, these treatments can adversely affect the mTOR
pathway, which is crucial for the regulation of protein synthesis.
Consequently, muscle protein breakdown is promoted, which
hampers the natural processes of muscle regeneration (35). In
contrast, platinum-based chemotherapeutic agents exhibit non-
selective effects, affecting not only cancer cells but also healthy
tissues, including muscles. For instance, cisplatin, a commonly

used platinum agent, has been demonstrated to activate
pathways, such as NF-xB, C/EBP-f3, and FOXO1, resulting in
the increased expression of myostatin (36, 37). Furthermore,
cisplatin treatment significantly reduced insulin-like growth
factor 1 (IGF-1) protein levels by approximately 85% and
suppressed the IGF-1/PI3K/Akt signaling pathways. The
inclusion of multiple chemotherapeutic agents in treatment
protocols frequently intensifies the negative impact on muscle
tissues and heightens chemotherapy-induced muscle atrophy.
Research indicates an increased breakdown of myofibrillar
proteins, leading to muscle weakness and reduced physical
performance, particularly in multidrug regimens (38).
Moreover, radiation therapy, while targeting malignant
cells, unavoidably irradiates adjacent tissues, including
skeletal muscle. This irradiation elicits oxidative stress and
DNA damage within muscle fibers, triggering inflammatory
responses and impairing muscle contractile function (39).
Furthermore, radiation-induced fibrosis and microvascular
damage exacerbate treatment-related fatigue and decreased
physical activity (40). Patients with cancer undergoing these
treatments often experience debilitating fatigue, limiting their
capacity for physical exertion, leading to a vicious cycle of
muscle disuse and deconditioning (41). Prolonged physical
inactivity promotes muscle protein degradation pathways,
exacerbating chemotherapy- and radiation-induced muscle
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wasting (42). Sarcopenia is an independent factor that
negatively affects prognosis of patients with gastric
carcinoma, advanced biliary cancer, and metastatic renal
carcinoma in terms of post-operative complications,
treatment failure, time-to-progression, and overall survival
(43-45). In a series of 408 patients with gastric cancer treated
with gastrectomy post-surgical, CT documented sarcopenia
influenced negatively overall survival and was associated
with non-tumor-related deaths (46). Interventions targeting
muscle maintenance, such as exercise training, nutritional
support, and pharmacological agents modulating muscle
metabolism, hold promise for mitigating treatment-induced
muscle toxicity and improving patient outcomes.
Perioperative interventions may also improve outcomes for
patients treated with gastrectomy for gastric cancer (47).

The development of muscle fibrosis further compromises
muscle architecture and function (48). Several studies have
consistently demonstrated a pronounced detrimental effect of
sarcopenia on overall survival across various cancer types,
such as head and neck cancers, but also in those with tumors
affecting the gastrointestinal tract, cervix, and lung (49-54).
The negative impact of chemotherapy and radiation therapy
on skeletal muscles is exacerbated by treatment-related
fatigue and decreased physical activity (40).

Loss of Appetite and Malnutrition

Loss of appetite and malnutrition are prevalent concerns in
oncologic patients, stemming from both the disease itself and
its treatment. Cancer often induces a cascade of metabolic
alterations and systemic inflammation leading to decreased food
intake and altered taste perception (55). Chemotherapy,
radiation therapy, and surgery further exacerbate these issues by
causing nausea, vomiting, and mucositis, which hinder the
ability to consume adequate nutrition. In addition, cancer-related
fatigue and pain can diminish a patient’s desire or ability to eat.
Consequently, inadequate calorie and protein intake ensues,
triggering muscle wasting through increased protein breakdown
and decreased protein synthesis (56). Moreover, malnutrition
compromises the body’s ability to heal and recover from the
stress of cancer treatment, exacerbating muscle loss and
functional decline (57). Therefore, comprehensive nutritional
assessment and intervention strategies are imperative in the
management of oncological patients to mitigate the impact of
malnutrition on sarcopenia and overall treatment outcomes to
reduce cancer mortality (58).

Hormonal Changes

Hormonal changes are a significant factor contributing to the
development and progression of sarcopenia in oncologic
patients (59). Various cancers and their treatments can disrupt
the delicate balance of hormones in the body, with implications

for testosterone, which is a hormone crucial for maintaining
muscle mass. Testosterone plays a pivotal role in promoting
muscle protein synthesis and inhibiting protein breakdown, thus
ensuring the integrity and functionality of the skeletal muscle
tissue (60). However, in the context of cancer, alterations in
testosterone levels can occur via multiple mechanisms. For
instance, particular malignancies, such as prostate and testicular
cancers, directly affect the production of testosterone, leading
to decreased circulating levels of this hormone (61).

Additionally, cancer therapies, including chemotherapy and
hormonal treatments, may exacerbate hormonal imbalances by
interfering with the normal function of the endocrine system.
Chemotherapeutic drugs can induce gonadal dysfunction and
disrupt hormone production pathways, resulting in reduced
testosterone synthesis (62). Furthermore, treatments targeting
hormone receptors, such as androgen deprivation therapy in
prostate cancer, deliberately lower testosterone levels to inhibit
tumor growth, thereby inadvertently predisposing patients to
muscle loss and sarcopenia (63). The consequences of
hormonal dysregulation extend beyond muscle wasting,
encompassing broader implications for the patient’s overall
health and quality of life. Reduced testosterone levels not only
compromise muscle integrity, but also contribute to fatigue,
decreased exercise tolerance, and impaired physical function,
all of which are hallmark features of sarcopenia (64).

Moreover, hormonal changes may synergize with other
factors associated with cancer cachexia, such as
inflammation and metabolic alterations, to accelerate muscle
protein degradation and exacerbate sarcopenia progression
(65). Considering these considerations, addressing hormonal
imbalances is pivotal for sarcopenia management in
oncologic patients. Strategies aimed at restoring or
optimizing testosterone levels, such as hormone replacement
therapy or targeted interventions to mitigate treatment-
induced hormonal disruptions, may hold promise for
attenuating muscle loss and improving functional outcomes
in this vulnerable population (66). Numerous clinical studies
have suggested that selective estrogen receptor modulators
(SERMs), selective androgen receptor modulators (SARMs),
testosterone, estrogen, and progesterone may play a role in
mitigate sarcopenia by reducing muscle loss (67-71). This
evidence underscores the potential development of hormone-
based therapeutic approaches that could offer substantial
benefits to patients with sarcopenia. Nonetheless, the use of
sex steroid supplementation for the treatment of sarcopenia
remains controversial owing to insufficient evidence or
concerns regarding their safety and efficacy (72).

Physical Inactivity
Physical inactivity represents a significant challenge in

oncologic patient care, often arising from cancer-related
symptoms, such as fatigue, pain, and treatment side effects.
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Cancer-related fatigue is a pervasive issue, affecting up to
90% of patients undergoing treatment, and persisting even
after treatment completion (73). This fatigue, often described
as debilitating and overwhelming, significantly impedes a
patient’s ability to engage in physical activity, contributing
to muscle deconditioning and exacerbating loss of muscle
mass. Cancer-related pain, whether due to the disease itself
or treatment, can severely limit mobility and physical
function. Patients may avoid physical activity to minimize
discomfort, leading to a vicious cycle of reduced muscle use
and further muscle atrophy (74).

Other symptoms, such as nausea, dyspnea, and neuropathy,
can also deter patients from participating in regular exercise,
perpetuating the cycle of physical inactivity and muscle loss
(75). Moreover, reduced physical activity can lead to metabolic
changes, including insulin resistance and alterations in protein
metabolism, which further contribute to muscle wasting (76).
Prolonged immobility can result in decreased bone density,
joint stiffness, and cardiovascular deconditioning, thereby
increasing overall morbidity and mortality risk in oncologic
patients (77). Healthcare providers should prioritize symptom
management, provide tailored interventions to alleviate cancer-
related fatigue and pain, and encourage physical activity. Singh
et al. conducted a study examining data from 19 clinical trials,
where they found that physical activity had a notable impact
on reducing fatigue among colorectal cancer patients compared
to standard cancer care regimens (78). A study conducted by
Hojman et al. found that physical activity has various
molecular effects. These effects include enhanced blood
circulation, activation of the sympathetic nervous system,
regulation of hormone levels, and mobilization of cytotoxic
lymphocytes and natural killer (NK) cells, resulting in a
potential antitumor effect through these mechanisms (79).
Based on this evidence, the World Cancer Research Fund
(WCRF) and the American Institute for Cancer Research
(AICR) suggest engaging in a minimum of 150 min of
moderate-intensity exercise weekly, along with strength
training exercises performed at least twice weekly (80).

Conclusion

In conclusion, this review highlights the complexity of the
direct effects of cancer on muscle wasting, which involves
intricate molecular pathways and metabolic changes. Cancer
cells stimulate the inflammatory environment by releasing
cytokines, accelerating muscle protein breakdown, and
inhibiting muscle protein synthesis. Cancer-induced
metabolic dysregulation further exacerbates muscle wasting
by altering energy expenditure and nutrient utilization.
Moreover, chemotherapy and radiation therapy, which are
essential for cancer treatment, can directly induce muscle
damage and impair muscle function, thereby contributing to
chemotherapy-induced muscle atrophy. These treatment

modalities, along with cancer-related symptoms, such as
fatigue and pain, often lead to physical inactivity,
exacerbating muscle deconditioning and further muscle loss.
Furthermore, hormonal imbalances resulting from cancer and
its treatments, particularly alterations in testosterone levels,
play a significant role in the development and progression of
sarcopenia. Addressing these causative factors through
targeted interventions, such as exercise training, nutritional
support, and hormone replacement therapy may mitigate
muscle loss and improve functional outcomes in oncologic
patients. However, further research is warranted to better
understand the underlying mechanisms of cancer-induced
muscle wasting and develop more effective therapeutic
strategies to counteract it.
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