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Abstract
With the increasing number of obese and elderly population subgroups world-
wide, sarcopenic obesity is emerging as a factor associated with higher risks
of adverse events and outcomes in multiple clinical settings, including cancer.
However, there is currently a lack of consensus regarding the definition and di-
agnostic criteria for sarcopenic obesity, and its interplay with cancer requires
further elucidation. This article systematically and comprehensively reviews the
relevant definitions and diagnostic methods of sarcopenic obesity, elaborates on
its specific clinical impact on cancer patients, including effects on surgical and
chemotherapy patients, and briefly outlines the main prevention and treatment
strategies. Based on the summarized literature, this article concludes that sar-
copenic obesity has a relatively high incidence among cancer patients, but its
definition and diagnostic criteria remain controversial. Sarcopenic obesity is an
independent predictor of cancer prognosis and holds significant clinical utility.
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Abstract: As the number of obese and elderly individuals increases worldwide,
sarcopenic obesity is increasingly associated with a higher risk of adverse events
and outcomes in multiple clinical situations, including cancer. However, there
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is a lack of unified definition and diagnostic criteria for sarcopenic obesity, and
the interaction between sarcopenic obesity and cancer needs to be further clar-
ified. This paper systematically and comprehensively summarizes the relevant
definitions and diagnostic methods of sarcopenic obesity, discusses its clinical
impact on cancer patients in detail—including the effects on patients undergoing
surgery and chemotherapy—and briefly describes the main prevention and treat-
ment strategies. This review concludes that the incidence of sarcopenic obesity
is high in cancer patients, but its definition and diagnostic criteria remain con-
troversial. Sarcopenic obesity is an independent predictor of cancer prognosis
with important clinical application value.
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Cancer represents a major global healthcare challenge. In China, the 5-year sur-
vival rate for cancer is only 40.5%, posing a serious threat to public health and
imposing a heavy burden on societal development [1]. Although cancer treat-
ments, particularly immunotherapy and adjuvant chemotherapy, have been op-
timized in recent years, the prognosis for cancer patients remains discouraging.
Treatment-related adverse events (AEs), chemotherapy toxicity, and postopera-
tive complications can lead to decreased quality of life [2]. Therefore, identifying
novel prognostic factors is crucial for improving cancer treatment and patient
outcomes.

Sarcopenia is a debilitating condition characterized by the loss of muscle mass,
strength, and function, leading to impaired functional capacity and physical
performance. It is highly prevalent among cancer patients [3] and has been
reported to be associated with increased chemotherapy toxicity and poor prog-
nosis in several malignancies, including gastric cancer, particularly in patients
with concurrent obesity [4]. As obesity has become a global epidemic, its com-
bination with sarcopenia has gained increasing relevance. Recently, the novel
concept of sarcopenic obesity (SO) has been proposed, defined as the coexis-
tence of sarcopenia and obesity—what Roubenoff described as the“convergence
of two epidemics”[5]. Accumulating evidence suggests that SO may indicate poor
prognosis in cancer patients and serves as a predictive factor for chemotherapy
toxicity and postoperative complications [6-7]. SO is also closely associated with
metabolic syndrome, conferring a higher risk of metabolic disorders and mor-
tality compared with either obesity or sarcopenia alone [8]. Indeed, negative
clinical outcomes associated with sarcopenic obesity include increased risks of
dose-limiting toxicity, surgical complications, physical disability, and shorter
survival [9]. In February 2022, expert members of the European Society for
Clinical Nutrition and Metabolism (ESPEN) and the European Association for
the Study of Obesity (EASO) systematically evaluated SO-related research and
jointly published the “Consensus on the Definition and Diagnostic Criteria for
Sarcopenic Obesity”[10]. This review aims to provide an overview of recent
advances in the definition, mechanisms, clinical relevance to cancer, and preven-
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tion of SO.

Literature Search Strategy: We searched PubMed, Medline, and Web of
Science using the English keywords “cancer/carcinoma,”“sarcopenia,”“obe-
sity,”“sarcopenic obesity,”and“prognosis,”and searched CNKI, Wanfang Data,
and SinoMed using the Chinese keywords“癌症”(cancer),“肌肉减少症”(sarcopenia),
“肥胖”(obesity),“肌肉减少性肥胖”(sarcopenic obesity), and“预后”(prognosis). The
search timeframe was from database inception to February 10, 2023. Inclusion
criteria: published literature, with priority given to high-quality journal articles.
Exclusion criteria: (1) articles with insufficient data, duplicate publications, or
unavailable full text; (2) articles of poor quality.

1 Definition and Diagnostic Criteria for Sarcopenic Obesity
According to the“Consensus on the Definition and Diagnostic Criteria for Sar-
copenic Obesity”published by ESPEN and EASO, SO is defined as a clinical and
functional disease characterized by the coexistence of sarcopenia and obesity,
featuring high fat content, reduced skeletal muscle mass, and low skeletal mus-
cle function [10]. Although both conditions are known to affect cancer patient
prognosis and significant metabolic disorders, controversy remains regarding the
extent to which their combination produces synergistic effects and whether SO
itself can be considered a syndrome. Furthermore, there are currently no unified
diagnostic standards or cutoff values [11].

Body composition analysis is crucial for evaluating and diagnosing SO. Multi-
ple techniques have been developed, including bioelectrical impedance analysis
(BIA), dual-energy X-ray absorptiometry (DXA), computed tomography (CT),
and magnetic resonance imaging (MRI) [12]. While DXA and BIA are consid-
ered gold standards for assessing muscle mass, their high cost limits clinical
applicability. CT, however, is widely used for cancer diagnosis and staging and
enables direct analysis of body composition without requiring patients to un-
dergo additional radiation exposure or examination time [13]. Consequently,
CT-based body composition analysis has been widely applied in SO and cancer
research. Studies have shown that total skeletal muscle area and visceral fat
area on a single CT slice at the third lumbar vertebra (L3) strongly correlate
with whole-body skeletal muscle and adipose tissue areas. Therefore, CT images
at the L3 level are commonly used to objectively measure muscle and adipose
tissue areas for SO evaluation and diagnosis [14].

Although CT-based body composition analysis has advanced considerably, no
unified diagnostic standard for SO exists. Current literature employs two main
approaches. The first involves independently defining sarcopenia and obesity,
with SO diagnosed when both conditions coexist [15]. Based on previous re-
search, total skeletal muscle area at the L3 level (TAMA) is calculated from
patient CT images, and the skeletal muscle index (SMI) is derived by dividing
TAMA by height squared to assess sarcopenia [16]. Due to significant sex dif-
ferences in body composition, sex-specific SMI cutoff values for sarcopenia have
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been proposed (Western populations: 52.4 cm2/m2 for men and 38.5 cm2/m2

for women [16]; Asian populations: 36.2 cm2/m2 for men and 29.6 cm2/m2 for
women [17]). Obesity cutoff values also vary, with most studies defining obesity
as BMI > 25 kg/m2 [18], while some use BMI > 30 kg/m2 [19]. Additionally,
certain studies have defined their own cutoff values [8].

The second diagnostic approach uses the ratio of visceral fat area (VFA) to
TAMA at the L3 level as a single metric for SO diagnosis. This ratio emphasizes
disproportionate visceral fat content relative to muscle mass without consider-
ing total body mass [7,19]. Although no methodological consensus exists for fat
mass measurement, BMI demonstrates weaker associations with long-term out-
comes and prognosis compared with high fat mass (visceral obesity) in cancer
patients [20]. Consequently, an increasing number of studies have incorporated
fat mass or visceral fat mass rather than BMI to define SO in cancer patients
[6,21]. Using this method, Jong et al. [19] defined SO as VFA/TAMA > 3.2 and
found a 29.6% SO prevalence among 284 pancreatic cancer patients undergoing
surgery, with inflammation-associated SO being a strong predictor of postopera-
tive pancreatic fistula (POPF). Another study established a VFA/TAMA cutoff
value of 2, defining SO as VFA/TAMA > 2, characterized by high visceral fat
content and low muscle utilization, which was associated with postoperative
mortality, POPF, and overall survival (OS) in pancreatic cancer patients [22].

Although significant variations in SO diagnosis, definition, and cutoff values
across studies substantially limit the analysis, comparison, and interpretation
of research findings, most studies have demonstrated that SO is a negative
prognostic factor in cancer patients.

2 Interaction Mechanisms Between Sarcopenic Obesity and
Cancer
The pathogenesis of SO is complex, encompassing aging, inappropriate lifestyle
factors (sedentary behavior, poor diet, lack of exercise), inflammation, acute
and chronic diseases, and cancer comorbidities. Concurrently, the dual burden
of reduced muscle mass and function combined with fat accumulation can lead
to complications such as frailty, disability, metabolic disease, postoperative com-
plications, and chemotherapy dose-limiting toxicity in cancer patients, resulting
in poor prognosis [11,23].

The mechanisms underlying the interaction between cancer and SO are not fully
understood. Several factors may contribute to progressive alterations in fat
metabolism and skeletal muscle, leading to SO in cancer patients, as illustrated
in Figure 1 [Figure 1: see original paper].

First, cancer patients often experience inadequate food and nutrient intake, and
most patients reduce their physical activity due to cancer, both of which con-
tribute to muscle atrophy [24]. Second, cancer treatments (surgery or chemora-
diotherapy) may promote the release of inflammatory cytokines, which not only
enhance muscle protein degradation but also reduce synthesis, leading to insulin
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and leptin resistance that causes muscle loss while exacerbating fat deposition.
Conversely, muscle atrophy and loss further aggravate insulin resistance. Ad-
ditionally, insulin resistance, muscle loss, and reduced physical activity lead to
altered fat metabolism, which in turn affects inflammatory cytokine release [25-
26]. Recent studies indicate that cancer and its treatments can cause red blood
cell damage resulting in anemia, reducing blood supply to skeletal muscle and
thereby causing muscle atrophy and loss [27]. A final potential factor involves
various hormonal changes induced by cancer (stress hormones such as glucagon
and cortisol, and anabolic hormones including growth hormone and insulin-like
growth factor-I), which affect the anabolic and catabolic processes of skeletal
muscle and adipose tissue, representing an important contributor to SO devel-
opment in cancer patients [28]. In summary, the interaction between SO and
cancer involves a complex pathophysiological process in which adipose tissue and
skeletal muscle interact with tumor tissue at multiple metabolic levels, creating
a vicious cycle. SO not only affects overall outcomes by modulating cancer-
related metabolic disorders but may also directly promote cancer initiation and
progression, ultimately leading to poor patient prognosis.

3 Clinical Impact of Sarcopenic Obesity on Cancer Patients
Obesity alone exerts numerous negative effects on cancer [29]. Concurrently,
sarcopenia also increases systemic inflammation in cancer patients, thereby re-
ducing OS and increasing postoperative complication rates [30]. Due to the
combined burden of sarcopenia and obesity, SO has an even worse impact on
health outcomes, potentially exerting cumulative effects [9]. Studies show that
sarcopenic obese individuals have significantly higher risks of frailty and disabil-
ity than non-obese individuals with similar muscle alterations [31]. This may
appear contradictory to the so-called “obesity paradox,”but it indicates that
when obesity combines with sarcopenia, obesity does not protect against chronic
disease-related mortality or improve cancer patient prognosis. Instead, SO pre-
dominantly exerts negative clinical effects on cancer patients [15]. In multiple
cancer types, SO significantly impacts postoperative complications, chemother-
apy toxicity, and overall survival.

3.1 Impact on Postoperative Complications

Complete surgical resection is the only curative method for prolonging survival
in cancer patients. However, cancer surgeries often involve significant trauma,
and postoperative complication rates are high, which may lead to escalated post-
operative care (e.g., reoperation, transfer to intensive care unit) and can even
be life-threatening in severe cases [32]. Recent evidence increasingly demon-
strates that body composition can predict clinical outcomes in patients under-
going surgery, and these assessments are more accurate than overall changes in
body weight or BMI. For example, SO has higher predictive value for postop-
erative complications in pancreatic cancer, as the endocrine activity of adipose
tissue and reduced skeletal muscle mass and function may synergize with cancer
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hormone-like mechanisms to promote inflammation and protein wasting, thereby
affecting the occurrence of postoperative complications and patient prognosis
[33].

Similar to sarcopenia, increased obesity, particularly elevated VFA, leads to
production and secretion of pro-inflammatory adipocytokines such as leptin, tu-
mor necrosis factor-𝛼 (TNF-𝛼), interleukin-1 (IL-1), and interleukin-6 (IL-6),
which are involved in immune response modulation [34]. During the postoper-
ative period, pro-inflammatory adipocytokines weaken the immune system and
delay wound healing, thereby increasing the risk of postoperative complications.
Moreover, skeletal muscle loss combined with increased VFA leads to chronic
inflammation and insulin resistance, a key component of metabolic syndrome,
which is a marker of the surgical stress response—this may explain its negative
impact on surgical outcomes [6,35].

An increasing number of studies have confirmed the negative prognostic impact
of SO in cancer patients and its effectiveness as a predictor of major postopera-
tive complications [6-7,22]. Pecorelli et al. [7] analyzed 202 patients undergoing
pancreatic surgery and found that SO (VFA/TAMA > 3.2) was significantly
associated with postoperative mortality and pancreatic fistula risk. Yamane
et al. [22] also observed a significantly higher incidence of ISGPF Grade B/C
pancreatic fistula in SO patients compared with non-SO patients. A retrospec-
tive analysis of 124 pancreatic cancer patients by Sandini et al. [6] similarly
confirmed the predictive value of SO for major surgical complication risk: in
multivariate analysis, the ratio between VFA and TAMA was the strongest pre-
dictor of major complications, with an odds ratio of 3.20.

3.2 Impact on Chemotherapy Toxicity

In recent years, increasing research interest has focused on body composition
analysis as a promising simple method to identify chemotherapy toxicity in
cancer patients. Chemotherapy dosing is typically determined by body surface
area calculated from height and weight, a method that considers only these
parameters while ignoring the relative quantity and distribution of muscle and
adipose tissue—a significant limitation, as SO can mask skeletal muscle atrophy
and loss, leading to greater chemotherapy toxicity and potentially severe adverse
reactions [36-37]. Multiple studies have demonstrated that chemotherapy can
alter body composition, reduce skeletal muscle mass and function, and promote
SO development, thereby significantly impacting chemotherapy tolerance and
potentially generating more adverse effects [37-38]. Prado et al. [39] showed
that sarcopenia was an important predictor of dose-limiting toxicity in colon
cancer patients treated with 5-fluorouracil and leucovorin. A study by Kurita
et al. [36] on FOLFIRINOX (oxaliplatin, irinotecan, leucovorin, and fluorouracil)
treatment for pancreatic cancer revealed that SO was associated with increased
risk of high-grade hematological toxicity. Therefore, for cancer patients with SO,
it is advisable to appropriately reduce chemotherapy drug dosage to decrease
toxicity and related adverse events.
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Cousin et al. [37] demonstrated in a Phase I trial that low SMI was associ-
ated with dose-limiting toxicity across cancer types. A recent meta-analysis
also reported associations between body composition values and chemotherapy-
related toxicity, revealing significant relationships between skeletal muscle loss
and hematological toxicity as well as chemotherapy discontinuation or cycle
reduction [40]. Moreover, research shows that cancer patients with SO have
higher risks of treatment-related toxicity and mortality [41]. Therefore, cal-
culating chemotherapy doses based on body composition parameters such as
skeletal muscle and adipose tissue, rather than conventional anthropometric
methods, may effectively reduce treatment toxicity. Youn et al. [42] found that
this dosing approach could predict treatment toxicity, particularly peripheral
neuropathy, in metastatic pancreatic cancer patients receiving gemcitabine plus
nab-paclitaxel.

3.3 Impact of Obesity and Sarcopenia on Cancer Immunotherapy

Immunotherapy aims to harness natural antitumor immune processes by stim-
ulating the immune system to specifically target tumor cells, providing passive
or active immunity against cancer [43]. Several types are currently in clinical
use and development, including cancer vaccines, adoptive cell transfer therapy,
and immune checkpoint blockade. Among these, immune checkpoint blockade
is most widely used, with immune checkpoint inhibitors (ICIs) targeting pro-
grammed cell death protein 1 (PD-1), programmed cell death ligand 1 (PD-L1),
and cytotoxic T-lymphocyte antigen-4 having become treatment options for var-
ious cancer types [44-45]. While no studies have yet examined the relationship
between SO and immunotherapy efficacy in cancer patients, the individual im-
pacts of obesity and sarcopenia on ICI efficacy have been demonstrated across
multiple cancers.

3.3.1 Impact of Obesity on Immunotherapy Efficacy Although obesity
is a risk factor for tumor development and is associated with accelerated tumor
growth and aggressiveness, it is also linked to improved responses to cancer
immunotherapy—a phenomenon known as the “obesity paradox”[46]. The re-
lationship between obesity and cancer immunotherapy largely involves insulin
resistance, elevated sex hormones, adipokine secretion regulation, and upreg-
ulated PD-1 expression [47]. Given the connection between obesity and the
immune system, analyzing obesity’s impact on immune checkpoint therapy
has garnered increasing interest in recent years. A retrospective cross-sectional
study of 976 advanced cancer patients receiving anti-PD-1/PD-L1 immunother-
apy found a significant association between obesity (BMI ≥ 25 kg/m2) and im-
proved clinical outcomes with ICIs. To validate these findings, the research team
constructed an obese mouse preclinical model, confirming that T-cell dysfunc-
tion in obese mice was partially mediated by the PD-1 axis and driven by leptin,
which strengthens the known correlation between the JAK/STAT pathway and
immune checkpoint inhibition [48-50]. Another independent study found a lin-
ear association between increased BMI and overall survival in NSCLC patients
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treated with anti-PD-L1 therapy, particularly showing significantly improved
overall survival in patients with BMI ≥ 30 kg/m2 [51].

3.3.2 Impact of Sarcopenia on Immunotherapy Efficacy Sarcopenia, a
hallmark of all chronic diseases including cancer, has been highlighted as an im-
portant predictor of poor prognosis in cancer patients receiving PD-1 inhibitor
immunotherapy. A multicenter real-world study found that sarcopenic NSCLC
patients treated with nivolumab had shorter progression-free survival (PFS)
and overall survival (OS) compared with non-sarcopenic patients [52]. Recent
studies have also reported that sarcopenia is associated with shorter PFS in
metastatic melanoma, liver cancer, and gastric cancer patients receiving cancer
immunotherapy [53-55]. In summary, sarcopenia is a significant predictor of
poor prognosis across multiple advanced cancer types treated with PD-1 block-
ade.

The relationship between sarcopenia and poor immunotherapy outcomes is cur-
rently thought to involve several factors. First, chronic inflammation is a pri-
mary cause of sarcopenia and promotes tumor immune escape, such as T-cell
exhaustion. Second, certain biomarkers implicated in sarcopenia development
(e.g., transforming growth factor-𝛽 (TGF-𝛽) and IL-6) weaken tumor responses
to immune checkpoint inhibitors [56]. Therefore, measuring sarcopenia may help
identify various cancer patient types who can benefit from immunotherapy.

3.4 Impact on Survival

Multiple studies have demonstrated that SO is positively associated with shorter
OS in both operable and inoperable cancer patients [7,57]. In a study specifically
examining OS, SO was an important predictor of OS in gastrointestinal (gas-
tric cancer, pancreatic cancer, etc.) and respiratory tract cancer patients [58].
Additionally, a retrospective analysis of 465 patients who underwent primary
hepatectomy for hepatocellular carcinoma found that SO patients had worse
median survival and median recurrence-free survival [59]. A study by Chargi et
al. [60] also confirmed that SO is a negative prognostic factor for both OS and
disease-free survival.

4 Prevention and Treatment Strategies for Sarcopenic Obe-
sity
Despite the current lack of consensus on definition and diagnostic criteria,
mounting evidence globally indicates that SO is an important clinically relevant
factor in cancer patients. Chemotherapy dose calculation based on body com-
position assessment may help reduce treatment-related toxicity and ultimately
improve patient prognosis. Moreover, CT image-based body composition
assessment can be easily implemented in clinical settings and may help identify
cancer patients with poor prognosis, enabling early intervention through
nutritional or exercise therapy to reduce skeletal muscle loss and adipose tissue

chinarxiv.org/items/chinaxiv-202308.00122 Machine Translation

https://chinarxiv.org/items/chinaxiv-202308.00122


accumulation, thereby improving clinical outcomes and potentially increasing
survival rates.

4.1 Nutritional Therapy

Recently, a clinical trial for cachexia confirmed the importance of nutritional
therapy, demonstrating that nutritional supplementation can maintain or in-
crease skeletal muscle mass to improve prognosis and quality of life in cancer
patients with SO [61]. Indeed, maintaining adequate nutritional status can help
restore muscle mass and function, thereby reducing postoperative morbidity
and mortality in cancer patients with SO, representing a potential strategy for
SO prevention and treatment. However, scientific evidence and experimental
studies on the preventive and therapeutic effects of nutritional therapy for SO
remain scarce [62].

A randomized controlled trial showed that adequate nutritional support (whey
protein, vitamin D, and calcium) was associated with improved muscle mass
and function in community-dwelling older men [63]. A recent review by Prado
et al. [64] also discussed the role of nutritional therapy in preventing and revers-
ing sarcopenia in cancer patients, an approach that may also be applicable to
SO. Research has demonstrated that cancer patients retain adequate anabolic
potential for muscle protein synthesis, and protein intake timing affects muscle
protein synthesis: a study in young adults found that constant protein intake
throughout the day enhanced daily muscle protein synthesis compared with un-
even protein distribution [65]. Although nutritional therapy appears potentially
associated with improved clinical outcomes in SO patients, no interventional
studies have been conducted, and specific evidence is lacking.

4.2 Exercise Therapy

In addition to nutritional intervention, exercise therapy may be a key strat-
egy for reversing SO. Resistance training and general exercise interventions (in-
cluding aerobic, flexibility, and balance training) have been shown to improve
muscle mass and function while reducing adipose tissue accumulation, thereby
mitigating some negative effects of SO in cancer patients [66]. Although exercise
therapy may be challenging for cancer patients due to various factors (including
fatigue and cancer-related pain), growing evidence emphasizes the benefits of
exercise training in restoring skeletal muscle mass and function and reducing
adipose tissue accumulation in the cancer setting [67]. Therefore, further re-
search should focus on investigating its potential clinical relevance, alone or in
combination with nutritional therapy, particularly for cancer patients with SO.
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