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ABSTRACT
Background: In patients with cancer, sarcopenia is associated with treatment related complications,
treatment cessation, poor quality of life and reduced overall survival. Despite this, there is limited
knowledge about changes in skeletal muscle mass during chemotherapy. The aim of this systematic
review and meta-analysis was to investigate the change of skeletal muscle mass and sarcopenia during
chemotherapy treatment among patients with lung cancer.
Methods: A systematic literature search was conducted in three databases, PubMed, EMBASE and
Web of Science. Observational studies with patients with lung cancer were eligible for inclusion if skel-
etal muscle mass was measured before and after receiving chemotherapy treatment.
Results: Ten cohort studies with a total of 867 participants met the inclusion criteria. During
5.2±2.9months of chemotherapy treatment, patients with lung cancer experienced a significant loss
of skeletal muscle mass with a standardized mean difference (SMD) of: -0.25 (95% CI -0.47 to -0.03).
The pretreatment prevalence of sarcopenia varied across studies from 35% to 74%. Only one study
reported prevalence of sarcopenia both before and after chemotherapy treatment with an increase
from 35% to 59%.
Conclusion: The present data demonstrate a marked loss of skeletal muscle mass in patients with
lung cancer undergoing chemotherapy treatment, as well as a high prevalence of sarcopenia. As sarco-
penia is associated with poor clinical outcomes, it seems important to include and use assessments of
skeletal muscle mass in clinical practice to identify patients in need for interventions. Moreover, inter-
ventional studies to hinder development of sarcopenia are needed.
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Introduction

Lung cancer is the most common cancer diagnosis with an
estimated annual incidence of 2.1 million, equivalent to 12%
of all cancers among both sexes globally. Further, due to its
inferior prognosis, lung cancer is the leading cause of cancer
deaths worldwide with 1.8 million deaths yearly [1,2].

Lung cancer can be divided into non-small cell lung can-
cer (NSCLC) and small cell lung cancer (SCLC); where NSCLC
is the most frequent and accounts for around 80–85% of
cases. According to the international tumor-node-metastasis
staging system (TNM), NSCLC can be classified into five
stages, 0-IV, with higher level indicating more severe dis-
ease [3,4].

Independent predictors for mortality in patients with lung
cancer are predominately higher cancer stage and histo-
logical type (SCLC). Other predictors include high age

(>70 years), being male, and poor performance status at the
time of diagnosis [5]. Importantly, survival rates are increas-
ing due to the introduction of targeted therapies [6]. From
2000–2004 to 2010–2014 the average lung cancer-specific 5-
year survival improved from 11% to 15% among patients in
Europe [7]. The improved survival is leading to an increasing
interest in improving the quality of life and physical function
among patients during and after treatment [2].

Sarcopenia is a progressive and generalized skeletal
muscle disorder that involves accelerated loss of muscle
mass and function [8,9]. In the general non-cancer popula-
tion, the prevalence of sarcopenia has been estimated to 5–
13% among people between 60–70 years, and 11–50%
among people aged 80 years or older [10]. Longitudinal stud-
ies have shown that the yearly loss of muscle mass in the
general population is 0.5–1% from around the age of 40 and

CONTACT Bolette Skjødt Rafn bolette.skjoedt.rafn@regionh.dk Cancer Survivorship and Treatment Late Effects, Department of Oncology, Rigshospitalet,
University Hospital of Copenhagen, Copenhagen, Denmark�The two authors Zina Bloch and Sandra Jensen contributed equally to this article (shared first authorship).

Supplemental data for this article can be accessed online at https://doi.org/10.1080/0284186X.2023.2180660

� 2023 Acta Oncologica Foundation

ACTA ONCOLOGICA
2023, VOL. 62, NO. 3, 318–328
https://doi.org/10.1080/0284186X.2023.2180660

http://crossmark.crossref.org/dialog/?doi=10.1080/0284186X.2023.2180660&domain=pdf&date_stamp=2023-04-10
https://doi.org/10.1080/0284186X.2023.2180660
https://doi.org/10.1080/0284186X.2023.2180660
http://www.tandfonline.com


accelerate slightly to 0.5–2% by the age of 70 [11–13]. The
prevalence of sarcopenia is highly variable in patients with
cancer, ranging from 5% to 89% among patients with
respiratory tract and pancreas cancer; dependent on the
stage, type of cancer, and assessment method used [14,15].

In patients with cancer, age-related muscle loss can be
accelerated by many factors including an increased inflam-
matory state and a wide range of treatment-related factors,
with chemotherapy treatment being an important element
[9,11,16]. The four main causes for the development of sarco-
penia during chemotherapy include one or a combination of;
(i) reduced food intake with a reduction in vitamin D,
omega-3 fatty acids, and protein, (ii) reduced physical activ-
ity, (iii) direct effect of chemotherapy on muscles, (iv) malab-
sorption secondary to mucositis or treatment-related
pancreatic insufficiency [17].

Moreover, the presence of multi-morbid conditions and/or
inactive lifestyle may contribute to low physical function and
low skeletal muscle mass already at the time of diagnosis
[18–20].

Notably, low skeletal muscle mass has been demonstrated
to be an independent risk factor for postoperative complica-
tions and overall survival in surgically treated patients with
lung cancer [21]. In addition, sarcopenia has been associated
with a wide range of negative outcomes including reduced
physical function, disability, frailty, morbidity, inferior quality
of life, and depression in patients with cancer [11,22,23]. It
therefore seems important to identify patients with acceler-
ated loss of skeletal muscle mass or with sarcopenia before
and after chemotherapy treatment. Yet, assessment of
muscle mass is still not routinely used in clinical practice.

At present, the majority of studies have retrospectively
investigated the prevalence of sarcopenia at the time of
diagnosis and the association with postoperative complica-
tions, chemotherapy-induced toxicity, disease-free, and over-
all survival [24,25]. However, the potential loss of skeletal
muscle mass during chemotherapy has not yet been system-
atically evaluated. The aim of this systematic review and
meta-analysis was therefore to investigate the change of
skeletal muscle mass and sarcopenia in patients with lung
cancer undergoing chemotherapy treatment.

Methods

This systematic review and meta-analysis was reported
according to Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines [26]. PRISMA
checklist is presented in Appendix 1.

The protocol was preregistered at the international pro-
spective register of systematic reviews (PROSPERO) ID num-
ber: CRD42021241804.

Search strategy

We performed a comprehensive systematic search for rele-
vant articles using three databases: PubMed, Web of Science,
and EMBASE published until March 29, 2021. Search terms
were cancer survivor AND sarcopenia AND cancer. Reference

lists and citations of relevant articles were hand-searched to
identify additional studies. The complete search strategy for
all databases is presented in Appendix 2.

Eligibility criteria

Studies were considered eligible if they included a lung can-
cer population treated with chemotherapy. They had to be
published in a peer-reviewed journal and include an assess-
ment of skeletal muscle mass before and after chemotherapy
treatment using an objective measurement tool; Computed
tomography (CT), Magnetic resonance imaging (MRI), Dual-
energy X-ray absorptiometry (DXA) or Bioelectrical imped-
ance analysis (BIA). Studies were ineligible if they were not
published in English due to the inability to translate or
included an intervention to impact muscle mass (e.g. exer-
cise). Full list of selection criteria are presented in
Appendix 3.

Selection of studies

Covidence systematic review software; Veritas Health
Innovation, Melbourne, Australia, available at www.covi-
dence.org, was used to merge references from the three dif-
ferent electronic databases and to remove duplicate studies.
Two reviewers (SJ, ZB) independently assessed the titles and
abstracts of all studies. Full texts of the relevant articles were
uploaded to Covidence, and the same two reviewers indi-
vidually evaluated full-text articles based on the eligibility cri-
teria. If disagreement occurred, a third reviewer (BSR) was
consulted. If missing information prevented clarity, the study
authors were contacted by email throughout the process of
study selection, including title-abstract screening and full-
text screening. The interrater reliability between the two
reviewers was calculated using Cohen’s kappa coefficient.
Cohen’s kappa coefficient ranges from �1 to 1, where �0
indicates no agreement, 0.01–0.20 none to slight, 0.21–0.40
fair, 0.41–0.60 moderate, 0.61–0.80 substantial and 0.81–1
indicates almost perfect agreement [27].

Data extraction

We used a Microsoft# excel spreadsheet for data extraction
designed specifically for this study. The researchers inde-
pendently extracted data on study characteristics and if dis-
agreement occurred, a third reviewer (BSR) was consulted.
Extracted data were as follows: author, publication year,
study design, funding, country, patient setting, data source,
number of participants, sex proportion, age, body mass index
(BMI), Eastern Cooperative Oncology Group Performance
Status (ECOG PS), type of lung cancer, stage, type of chemo-
therapy, number of cycles, muscle mass assessment tool,
assessment location, the time between assessments, type of
outcome, outcome cutoff value, sarcopenia prevalence, skel-
etal muscle mass pre-and post-chemotherapy, change of
skeletal muscle mass, p-value, and confidence intervals.
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Assessment of quality

To access the risk of bias in the included studies, the quality
assessment tool for observational cohort and cross-sectional
studies published by the National Heart Lung and Blood
Institute [28] was applied independently by two reviewers
(SJ, ZB). Studies were rated good, fair, or poor quality [28].

Statistical analysis

Change in skeletal muscle mass was pooled across studies
and analyzed by a random-effects model using the restricted
maximum-likelihood estimator with Hartung-Knapp adjust-
ment to quantitatively synthesize data. Changes in muscle
mass from baseline to follow-up assessments are reported as
standardized mean differences (SMD) with 95% confidence
intervals. If no correlation coefficient was provided, the study
authors were contacted by email. In case of no response, 0.5
was chosen as the correlation coefficient between the base-
line and follow-up assessments. This did not affect the SMD
but had a small impact on the standard error. Statistical het-
erogeneity was evaluated using the I2 statistics and was con-
sidered low, moderate, and high at I2 values of 25%, 50%,
and 75% respectively [29]. Visual inspection of funnel plots
and the Egger test were used to assess publication bias.
SMD was interpreted using ‘Cohen’s effect sizes’; 0.2 repre-
sents a small effect, 0.5 a moderate effect, and 0.8 is a large
effect [30]. The meta-analyses were performed using R ver-
sion 4.1.3 and the ‘meta’ package [31]. If the included study
did not report both a pretreatment mean skeletal muscle
mass index with pretreatment SD, and posttreatment mean
skeletal muscle mass index, or if the study reported data as
skeletal muscle mass in cm2 or cm2/m2, meta-analyses were
considered inappropriate and the results were synthesized
narratively. If possible, the within-study percentage changes
in skeletal muscle mass from pretreatment to posttreatment
were calculated.

Results

Study selection

The comprehensive search yielded a total of 7,903 studies
(Figure 1). After duplicates were removed, 4,790 references
remained. 4,235 were removed after the screening of title
and abstract, leaving 555 eligible for retrieving full text. 545
were excluded, as they did not meet the inclusion criteria,
leaving 10 studies for inclusion in this review. The interrater
agreement reliability regarding title-abstract screening was
fair with a Cohen’s kappa value of 0.39. Regarding full-text
screening, the reliability indicated almost perfect agreement
with a Cohen’s kappa value of 0.88.

Study characteristics

Study characteristics are presented in Table 1 and Appendix
4. All data included were obtained in hospital-based medical
records. Eight out of ten studies [32–39] were retrospective
cohorts and two [40,41] were prospective. The studies were

published between 2015 and 2020. Eight studies [33–40] did
not report funding, one study [41] received funding and one
study [32] reported not receiving funding. Across the ten
studies, the total sample size was n¼ 867 patients and
n¼ 530 (61%) were males. The average age of participants
was 66 years with a range from 35–90 years. The majority of
patients were diagnosed with NSCLC, only one study [32]
included n¼ 25 of 200 (12.5%) patients diagnosed with
SCLC. Across studies, most patients n¼ 685 (79%) had stage
IV disease. All patients received between 1–12 cycles of
chemotherapy and most patients had a performance status
of zero or one indicating expected tolerability to
chemotherapy.

Risk of bias in the included studies is shown in Figure 2.
For this research question, it was particularly important to
consider selection bias, measurement bias, and adjustment
for confounders. All ten studies clearly described the study
population, used clearly defined, valid, reliable outcome
measurements, and had a sufficient timeframe to see an
association between exposure and outcome. However, nine
of the studies did not justify a sample size, eight of the stud-
ies did not examine different levels of chemotherapy as
related to loss of skeletal muscle mass, and none of the stud-
ies adjusted for confounding variables. The overall quality
was rated as good in two studies and [32,40] and fair in
eight [33–38].

Definitions and assessment of muscle mass and
sarcopenia

Assessment methods for muscle mass and definitions for sar-
copenia are presented in Table 2.

All studies used CT scans to access muscle mass. Most
studies [33–35,37,39–41] used the location of the 3rd lumbar
spine L3, while two studies [32,36] used L2–L3 and one study
[38] used T10 and L1. Only two studies [33,40] reported the
use of blinded assessors for the analysis. Five studies
[32,33,37,39,41] reported skeletal muscle index as cm2/m2,
four studies [34–36,40] reported the skeletal muscle area as
cm2 and one study [38] reported the area in cm3. The cutoff
values for assessing sarcopenia varied between studies. Five
studies [33,34,37,39,41] used different cutoff criteria for men
and women with SMI ranging from 41 to 53 cm2/m2 for men
and 31 to 41 cm2/m2 for women. Two studies [35,36]
reported a cutoff value for sarcopenia as a loss of �10% of
the psoas major muscle area. Two studies [36,37] used their
own calculations within their data to define a cutoff value
for sarcopenia, while five studies used previously sourced
cutoff values [33–35,39,41].

Meta-analysis of change of muscle mass

Changes of skeletal muscle mass are presented in Table 2
and Figure 3.

A total of five studies could be summarized using meta-
analysis [32,34,39–41] compromising n¼ 359 patients with
lung cancer. Of the included patients, n¼ 296 (82%) were
diagnosed NSCLC and n¼ 25 (7%) with SCLC. The mean time
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between the two assessments of skeletal muscle mass was
5.2 ± 2.9months where patients received palliative- [34] or
first-line chemotherapy [32,39–41]. The meta-analysis
revealed a small to moderate loss of skeletal muscle mass of
SMD: �0.25 (95% CI -0.47 to -0.03) during chemotherapy
treatment. Statistical heterogeneity was low to moderate (I2

¼ 41%) and asymmetry was not detected in the funnel plot
or from Egger’s test (p-value ¼ 0.45), indication low possibil-
ity of publication bias or systematic differences between
studies. Five studies [33,35–38] were not included in the
meta-analysis.

Change of muscle mass and prevalence of sarcopenia
across all studies

Changes of skeletal muscle mass and the prevalence of sar-
copenia are presented in Table 2.

Across all ten studies, five studies [32,34,37–39] reported a
loss of skeletal muscle mass during chemotherapy of �3% to
10% in 3 to 10months. Two studies [37,41] assessed skeletal
muscle mass at several time points. Kimura 2015 et al.
reported a loss in skeletal muscle mass of 3.7% from pre-
treatment to three months after chemotherapy initiation,
which remained at six and 12months after chemotherapy
initiation. Similarly, Naito 2017 et al. reported a loss in
muscle mass of 4.4% from pretreatment to six weeks after
chemotherapy initiation which also remained at 12weeks

after chemotherapy initiation. Four studies reported a pre-
treatment sarcopenia prevalence of 35% [33], 74% [34], 67%
[41], and 46% [39], respectively, and three studies reported
posttreatment sarcopenia prevalence of 59% after 4–
6months [33], 55% after 10.2months [36], and 30% with no
timeframe specified [35]. Only one of the above studies
reported both pre- and posttreatment sarcopenia which
changed from 35% to 59% [33]. Two studies [35,36] reported
the prevalence of sarcopenia defined as a loss of �10% of
the psoas major muscle area in 30% and 55% of the patients
posttreatment.

Discussion

To our knowledge, this is the first systematic review to
describe the loss of muscle mass in patients with lung cancer
undergoing chemotherapy treatment. The results demon-
strated a significant loss of skeletal muscle mass of SMD:
0.25 (95% CI 0.47 to 0.03) during chemotherapy treatment.
Across studies, the observed loss in skeletal muscle mass was
�3% to 10% following 3 to 10months of chemotherapy
measured by CT scans. This is markedly higher than the
expected age-related loss of muscle mass of 0.5–2% per year
observed among the general healthy population measured
by DXA [11–13]. However, caution in comparison must be
taken due to the different types of measurements used. In
the present review, the pretreatment prevalence of

Figure 1. Flowchart of study selection.
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sarcopenia varied across studies from 35% to 74%. Only one
study reported the prevalence of sarcopenia before and after
chemotherapy treatment with an increase from 35% to 59%
[33]. The observed accelerated loss of muscle mass during
chemotherapy treatment and the prevalence of sarcopenia is
consistent with results found in other cancer sites [42–45].
This has a potential clinical and prognostic impact, as main-
taining and gaining skeletal muscle mass is significantly
related to reduced toxicity to chemotherapy and longer
overall patient survival [34].

Of note, the studies by Kazemi-Bajestani 2019 et al. and
Kakinuma 2018 et al. stand out with a 7.4% and 9.8% loss in
muscle mass following about four months of chemotherapy
treatment. Both studies were rated as fair-good quality with
a low risk of bias. The large loss of muscle mass could be
due to the disease stage, as all the patients in the two
cohorts were diagnosed with incurable stage IV NSCLC,
whereas most other studies also included patients with ear-
lier stages of lung cancer (Table 1). However, the greater loss
is not explained by differences in performance status, as
most studies included in this review enrolled patients with
good performance status (Appendix 4).

Kimura 2015 et al. and Naito 2017 et al. both report a
change in SMI at several time points and observed a loss of
muscle mass of 3.7% and 4.4% during the first six weeks and
three months after chemotherapy initiation, which was main-
tained and thus not further exacerbated at the 12weeks and
12months follow up. As such, these findings indicate that
greater loss of skeletal muscle mass occurs within the first
months of chemotherapy initiation, and is not regained once
the chemotherapy regimen has ended. Studies suggest that
the efficacy benefits of chemotherapy are reached after 3–4
cycles of chemotherapy [46,47]. After this point, stable dis-
ease or symptom relief of malaise, pain, cough, and dyspnea
after chemotherapy may lead to more physical activity and
thereby no further exacerbating in loss of muscle mass.

The key question when observing this accelerated loss in
muscle mass is what causes this: the disease; the treatment;
or the patient (e.g. lifestyle and sociocultural environment).
Likely all three, but in what proportion is still unanswered.
The loss is most likely multifactorial as patients with lung
cancer often have comorbidities, cachexia, and a sedentary
lifestyle or experience adverse effects while undergoing
chemotherapy treatment [17–20]. Cachexia and sarcopenia
are distinct conditions. Cachexia is a disorder characterized
by systemic inflammation and loss of body weight (at least
5%) because of extensive wasting of the skeletal muscle and
adipose tissue [48,49]. Cachexia is often present already at
diagnosis and according to a cohort study with 708 patients
with lung cancer, 60% stated they experienced weight loss
even before beginning chemotherapy treatment [50].
Thereby, loss in skeletal muscle mass most likely starts before
chemotherapy initiation. Moreover, loss of skeletal muscle
mass may also be accelerated by a direct effect of chemo-
therapy, side effects of receiving chemotherapy, or a combin-
ation [11]. A previous study has reported that different types
of chemotherapy, such as cisplatin, irinotecan, doxorubicin,
and etoposide cause direct muscle loss [51]. This is byTa
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upregulating proteasome activity, activation on mitogen-acti-
vated protein kinase and extracellular regulated kinase sig-
naling, and by inducing mitochondrial dysfunction [51].
Patients with sarcopenia are also more likely to have inferior
tolerance to chemotherapy and suffer from chemotherapy
toxicity than their non-sarcopenic counterparts [34,52]. In
addition, side effects from chemotherapy, such as fatigue,
nausea, and vomiting, which in turn may lead to physical
inactivity, have also been associated with loss of skeletal
muscle mass in patients with cancer [53,54]. Finally, living
with a terminal disease like advanced lung cancer can bring
with it shame, guilt, feeling like a burden, distress, anxiety,
and depression [55–59]. Additionally, it can be difficult to

engage in exercise at the end of life, if the motivation is
external and in discrepancy with the perception of living a
good life [60]. Therefore, maintenance of nutrition and exer-
cise during treatment can be a challenge, and most patients
lose significant amounts of weight and skeletal muscle mass
during chemotherapy treatment [61].

To date, one of the most used treatments to prevent and
manage sarcopenia in patients with cancer is resistance train-
ing [11,62,63]. Several studies have demonstrated that resist-
ance training prevents the loss of skeletal muscle mass and
increases muscular strength for patients undergoing chemo-
therapy [64,65]. Exercise interventions during chemotherapy
usually consist of supervised progressive resistance training
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combined with aerobic training twice weekly for 9–12weeks.
Notably, it has been shown, that patients with inoperable
lung cancer and a high functional capacity, measured by the
functional test, live significantly longer compared to patients
with a low functional capacity [66]. However, more know-
ledge is needed about the effect of exercise, especially in the
more severe stages of sarcopenia and in patients with
advanced stages of lung cancer.

In addition to resistance training, nutrition supplements,
specifically high protein intake, are also used to hinder loss
of muscle mass during treatment for lung cancer [67].
However, to date, there is no evidence to suggest that
diet alone can counteract the loss of muscle mass [11,68]. In
the contrary, oral nutritional supplements have been shown
to increase fat mass and body weight with no significant
impact on skeletal muscle mass [11,68]. Resistance training,
when combined with nutrition interventions can preserve or
even increase muscle mass during chemotherapy [63,69].
Therefore, more randomized clinical trials of good quality
investigating multimodal interventions that target sarcopenia
in cancer patients are highly needed [61,70].

The strengths of this study include our strict compliance
with the PRISMA guidelines and a comprehensive search
string that increases the probability of capturing all available
literature published on the topic. However, while this review
aimed to describe changes in skeletal muscle mass during
chemotherapy, the cause of these changes remains
unanswered.

Additionally, most included studies were retrospective
with a high risk of confounding factors. While all the
included studies used CT scans to access muscle mass, differ-
ences in definitions of sarcopenia between the studies dir-
ectly affect the estimates and made it difficult to compare
prevalence rates between studies in this review. In general,
cutoff values for low skeletal muscle mass are not yet well
defined and should be investigated to guide both clinical
practice and future research [15,71]. Most included studies
used first-line chemotherapy, but differences in chemother-
apy regimen and line (e.g. first, second, or palliative chemo-
therapy) and even inclusion of targeted therapies in smaller
subgroups may contribute dissimilar to the loss of muscle
mass. Finally, as this is an emerging topic in oncology, we

included patients that had different disease stages and
NSCLC as well as SCLC patients, even though the prognosis
of those two types of cancers are largely different and could
blur the change in sarcopenia over time. However, it should
be noted that despite the heterogeneity of the included
studies, all studies reported a significant loss of muscle mass
following treatment with chemotherapy.

Implication for practice

As low levels of muscle mass are an independent risk factor
for overall survival in patients with lung cancer, it seems
important to identify patients with accelerated loss of muscle
mass or sarcopenia before, during, and after chemotherapy
treatment, to initiate preventive interventions and hinder the
progression of the condition. This could be done by introduc-
ing a screening of important diagnostic criteria such as mus-
cular strength or physical functioning which could trigger a
further assessment of muscle mass using CT or BIA measure-
ment. The present study also underlines the need for more
evidence-based and uniform assessments of muscle mass in
cancer patients. In general, there is a lack of knowledge sur-
rounding the prevalence and determinants of sarcopenia in
patients with lung cancer and the potential effects of targeted
exercise and nutritional interventions translating into
improved treatment outcomes and increased quality of life.
However, there is some evidence that resistance training can
attenuate the loss of muscle mass. Therefore, future research
should focus on the type and timing of nutrition intake in
combination with resistance training, to maintain skeletal
muscle mass during cancer treatment. Moreover, studies
investigating changes in muscle mass among patients receiv-
ing the best supportive care vs. chemotherapy could contrib-
ute to clarify to what extent the disease vs. chemotherapy
treatment impacts skeletal muscle mass. This is important
knowledge for clinicians when addressing the accelerated loss
of muscle mass and sarcopenia in patients with cancer.

Conclusion

This systematic review and meta-analysis demonstrate a
marked loss in muscle mass and a high prevalence of

Figure 3. Weighted standardized mean difference in skeletal muscle change. TE: Standardized mean difference; TEse: Standard error of standardized mean
difference.
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sarcopenia in patients with lung cancer undergoing chemo-
therapy. Sarcopenia is associated with several negative prog-
nostic implications for patients with lung cancer. In time,
assessment of muscle mass and other diagnostic criteria
should be implemented in clinical practice leading to effect-
ive interventions to maintain skeletal muscle mass during
chemotherapy treatment. However, more research is needed
to investigate the complexity of treating muscle loss.
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