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Abstract

Purpose The purpose of this article is to provide an up-to-date summary of sarcopenia and its clinical implications for
patients with head and neck cancer (HNC).

Methods We conducted a literature review of recent studies investigating the prevalence of sarcopenia in HNC patients, its
detection using MRI or CT scans, and its association with clinical outcomes such as disease-free and overall survival time,
radiotherapy-related side effects, cisplatin toxicity, and surgical complications.

Results Sarcopenia, characterized by low skeletal muscle mass (SMM), is a prevalent condition in HNC patients and can
be effectively detected using routine MRI or CT scans. Low SMM in HNC patients is associated with increased risks of
shorter disease-free and overall survival times, as well as radiotherapy-related side effects such as mucositis, dysphagia, and
xerostomia. In addition, cisplatin toxicity is more severe in HNC patients with low SMM, leading to higher dose-limiting
toxicity and treatment interruptions. Low SMM may also predict higher risks of surgical complications in head and neck
surgery. Identifying sarcopenic patients can aid physicians in better riskstratifying HNC patients for therapeutic or nutritional
interventions to improve clinical outcomes.

Conclusions Sarcopenia is a significant concern for HNC patients and can impact their clinical outcomes. Routine MRI or
CT scans can effectively detect low SMM in HNC patients. Identifying sarcopenic patients can aid physicians in better risk-
stratifying HNC patients for therapeutic or nutritional interventions to improve clinical outcomes. Further research is needed
to explore the potential of interventions to mitigate the negative effects of sarcopenia in HNC patients.
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Introduction various areas in the head and neck, such as the pharynx,

larynx, oral cavity, and sinonasal cavity. Patients with HNC

Head and neck cancers (HNC) are among the most com-
mon types of cancers globally, with 890,000 new cases and
450,000 deaths each year [1]. These tumors can arise from
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are typically diagnosed at a locally advanced stage, requiring
multidisciplinary treatment with a combination of modalities
[2]. Malnutrition is prevalent in 30-50% of HNC patients at
the time of diagnosis due to symptoms such as dysphagia,
odynophagia, and restrictions on oral nutrition associated
with tumor location [3, 4]. Personal habits like excessive
alcohol consumption, tobacco use, and long-term inadequate
nutritional intake are common risk factors for malnutrition
in patients with HNC before treatment [5]. Additionally,
metabolic changes associated with cancer, such as early
stages of cancer cachexia, can affect nutritional status [5].
Antineoplastic therapies have improved locoregional
control and survival in recent years [6, 7]. However, the
acute and long-term adverse effects of these treatments may
worsen malnutrition due to xerostomia, mucositis-related
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odynophagia, or anorexia [8]. In addition, there are iatro-
genic causes of malnutrition, such as pain or leakage asso-
ciated with the implanted percutaneous endoscopic gastros-
tomy tube, unhealthy teeth extraction before radiotherapy,
opioid-induced gastrointestinal alterations, and lack of
awareness of malnutrition [9]. Skeletal muscle depletion is
a typical sign of cancer-related malnutrition, and it may play
arole in the progression of sarcopenia [10]. Taken together,
malnutrition and skeletal muscle mass (SMM) depletion are
significant concerns for patients with HNC because of many
reasons aforementioned specific to this population, and are
observed much more frequently than other cancer types [11,
12].

As head and neck cancer is a complex and challenging
disease to treat, with a high risk of recurrence and metasta-
sis, there is a need for prognostic markers. Recent research
has focused on identifying novel prognostic markers for
HNC, including molecular biomarkers, pan-immune-inflam-
mation value (PIV), programmed death-ligand 1 (PD-L1)
expression in human tissue, genetic markers, and imaging-
based markers [13—15]. These markers can provide valu-
able information on tumor biology, treatment response, and
patient outcomes and hold great promise for guiding person-
alized treatment strategies. One such promising nutrition-
related biomarker is low skeletal muscle mass, which refers
to sarcopenia and has gained interest in recent decades. This
article aims to provide an up-to-date summary of sarcopenia
and its clinical implications for patients with HNC.

Materials and procedures

We conducted a literature search on the associations between
sarcopenia and head and neck cancer patients using the data-
bases PubMed, Google, Web of Science, and EMBASE. We
used search terms such as “skeletal muscle mass”, “skeletal
muscle index”, “muscle depletion”, “sarcopenia”, “head
and neck cancer”, “HNC”, “postoperative complications”,
“survival rate”, “prognosis”, “survival” and “toxicity”.
We removed duplicate findings and screened the remain-
ing studies for relevance by two authors (Erul E and Guven
D). Abstracts, full-text articles that were unavailable, and
non-English publications were excluded. We selected rand-
omized controlled trials, meta-analyses, clinical studies, and

systematic reviews that were relevant to the topics above.

Sarcopenia measurement

In 2019, the European Working Group on Sarcopenia in
Elderly Patients updated the definition of sarcopenia as a
muscle disease (muscle failure) with low muscle strength
as its primary determinant [16]. Sarcopenia should be
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considered if reduced muscle strength is observed, and the
diagnosis is confirmed by low muscle quality or mass and
low muscle strength. Severe sarcopenia is diagnosed when
patients have reduced muscle strength, low muscle mass/
quality, and poor physical performance [16]. However,
muscle function is rarely tested in clinical settings, and the
oncology literature has often describes sarcopenia as simply
areduction in muscle mass. Computed tomography (CT) and
magnetic resonance imaging (MRI) are already available for
staging and follow-up, and SMM could be routinely deter-
mined retrospectively and used as an objective risk strati-
fication tool in the clinical context. The association of low
muscle mass with cancer-specific adverse outcomes, includ-
ing treatment toxicity and mortality, has been documented
in medical and surgical oncology settings across numerous
cancer sites and treatment approaches [17, 18]. As a result,
the terms low SMM and sarcopenia are frequently used
interchangeably in oncologic research.

There are various methods for evaluation of skeletal mus-
cle mass [16] such as dual-energy X-ray absorptiometry [19,
20], anthropometry [21], bioelectrical impedance analysis
[22, 23], MRI/CT [24], and ultrasound [25]. However, dual-
energy X-ray absorptiometry, anthropometry, and bioelec-
trical impedance analysis are not routinely utilized in daily
practice and may differ significantly across observers. In
the cancer literature, CT and MRI are routinely available
as more objective methods for SMM evaluation. The phrase
radiologically defined sarcopenia now refers to a more com-
mon method of characterizing SMM using MRI/CT scans
[26].

Shen et al. demonstrated that measuring cross-sectional
muscle area (CSMA) in a single section in the third lumbar
(L3) vertebra on the abdomen CT scans is correlated with
total body muscle volume [27]. The skeletal muscle index
(SMI) can be calculated using the following formula: CSMA
at determined CT/MRI level divided by squared height (m?)
[28]. However, abdomen CT scans are not routinely per-
formed in patients with HNC, and they expose the patient to
additional radiation and cost. Swartz et al. developed a new
formula for SMM evaluation at the third cervical vertebra
(C3) level of cervical CT. They found a strong correlation
between C3 SMI on the head and neck CT and L3 SMI on
the abdomen CT (r=0.785, p<0.001). The formula that
predicts CSMA at the L3 level from C3-level CSMA using
weight, age, and gender demonstrated a strong correlation
(r=0.891) between predicted and actual CSMA at the L3
level [12]. Thus, a cervical CT scan can accurately evaluate
SMM without the need for additional imaging or burden on
the patient (Figs. 1, 2).

Bril et al. also found a strong correlation (Spearman’s
r,=0.75; p=0.01) between CSMA at L3 and C3, confirm-
ing earlier studies in the literature [29]. Several prediction
formulas were also demonstrated in the studies showing that
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Fig. 1 Illustration of the delineation of sternocleidomastoid and paravertebral muscles in sarcopenic and non-sarcopenic patients as an example

at C3 level of cervical CT

Fig. 2 Illustration of the delineation of psoas, paraspinals, transversus abdominis, rectus abdominis, quadratus lumborum, and internal and exter-
nal oblique muscles in sarcopenic and non-sarcopenic patients as an example at L3 level of abdomen CT

cervical and abdominal SMM highly correlate [30-32]. To
assess the interobserver agreement of this new method, six
observers independently measured CSMA at the C3 level
on cervical CT in a study. The study demonstrated high
interobserver agreement in vertebra selection, single slice
selection, and SMM measurement at the C3 level. Intra-
class correlation coefficients were excellent for all CSMA
measures (0.763-0.969; all p <0.001) [33]. In another study,
high intraobserver and interobserver agreement were found
for CSMA, sternocleidomastoid, and paravertebral mus-
cle measurement [34]. Additionally, Olson et al. recently
generated normalized gender-specific C3 SMI cut-offs and

validated their predictive efficacy in an additional population
of HNC patients with cervical CTs. The study showed that
C3 SMI cut-offs were predictive in males but not in females
in patients with HNC [35].

Recently in a study involving patients with HNC and
a healthy population, Yoon et al. investigated the predic-
tive validity of CSMA at C3 for CSMA at L3. They found
a high correlation (r=0.864) between L3 SMM and C3
SMM in healthy participants, as well as in non-sarcopenic
individuals with a strong correlation (r=0.876) [36].
However, the correlation was only fair (r=0.381) in sar-
copenic individuals, which contradicts previous findings.
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The authors suggested that changes in skeletal mass loss
pattern at C3 and L3 might be responsible for this corre-
lation difference. They also cautioned that using cervical
CT to assess SMM in sarcopenic individuals with HNC
may not be a good predictor of lumbar SMM [36]. Fol-
lowing this study in the Asian cohort, Brit et al. conducted
another cohort study involving North-West European HNC
patients. They found a strong to excellent correlation
between SMM at L3 and C3 in patients with normal and
low SMM [37]. However, a recent study by Vangelov et al.
reported little agreement between the abdominal and cer-
vical skeletal muscle mass measures. They suggested that
estimates of SMM based on C3 cannot substitute accurate
data on L3 SMM due to low agreement, relative bias, and
incorrect sarcopenia categorization [38].

There are also some caveats that should be mentioned.
C3SMI may not be accurately defined in patients with recur-
rent or locally advanced HNC (LA-HNC), particularly if
there is extranodal extension, cervical lymphadenopathy, or
muscle wasting due to neck dissection. One possible solution
to this problem is to double the measurable sternocleidomas-
toid side, unless both sternocleidomastoids are invaded by
lymphadenopathies [12, 34].

CT scans are not routinely performed for all patients with
HNC, and a significant proportion of these patients may only
undergo MRI. In a study of 50 patients with oropharyngeal
cancer, the correlation between SMM measurement using
CT and MRI was analyzed. The study concluded that when
evaluating SMM using CSMA at the C3 level, MRI and
CT demonstrated a substantial correlation (0.97; 95% CI:
0.94-0.98, p<0.01) [39]. These findings were supported by
Zwart et al., who found a high correlation between cervical
MRI and CT. Therefore, MRIs may be utilized as a reliable
alternative imaging method when cervical CT is unavailable
for SMM measurement [40].

Muscle radiodensity and quality are additional param-
eters for sarcopenia linked to significant health outcomes.
Prado et al. found a correlation between sarcopenia and low
muscle radiation attenuation on CT scans in patients with
cancer [28]. Pathological variations in muscle attenuation
can be caused by excessive intermuscular fat accumulation
or poor muscle “quality” [41]. Mapping of psoas/paraspinal
muscles for radiation attenuation has demonstrated the phe-
nomenon of myosteatosis [42]. This approach emphasizes
that reduced attenuation areas can be found within the radi-
odensity ranges of adipose tissue, and skeletal muscle can
have normal and lower attenuation, indicating worse quality
muscle with attenuation zones [41]. Myosteatosis occurs as
a preceding shift in muscle structure before a reduction in
strength and performance and requires further investigation
[43].
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Sarcopenia as a prognostic marker

Several studies have demonstrated that low SMM in HNC
patients is a risk factor for a decreased survival rate. The
majority of these studies have recently been evaluated in
the systematic meta-analyses [26, 44—47]. In a meta-anal-
ysis involving 1059 patients with HNC, the pre-treatment
incidence of sarcopenia varied from 6.6% to 64.6%, while
post-treatment sarcopenia prevalence ranged from 12.4%
to 65.8%. Both pre-treatment low SMI (HR 2.07; 95% CI,
1.47-2.92) and post-treatment low SMI (HR 2.93; 95%
CI, 2.00-4.29) were associated with a shorter overall sur-
vival [46]. Wong et al. also identified a poorer overall sur-
vival for HNC patients with low SMM (HR 1.98; 95% CI:
1.64-2.39) in another meta-analysis [26]. In addition, a
subgroup analysis of three studies showed that estimated
L3 SMM from C3SMM measurement was still a signifi-
cant predictive factor for identifying overall survival [26].
Hua et al. analyzed data from 11 studies involving almost
2500 patients with HNC and demonstrated consistent find-
ings. Based on both univariate and multivariate analyses,
the sarcopenia group had substantially lower relapse-free
survival (HR=1.74, 95% CI: 1.43-2.12, p <0.00001;
HR=1.68, 95% CI: 1.27-2.23, p=0.003) [45]. There was
no difference in the impact of sarcopenia on the Asian and
non-Asian subgroups in the study. Sarcopenia also predicted
disease-free survival in patients with HNC in a meta-anal-
ysis by Surov and Wienke that included 7704 individuals
who received various curative treatment methods (HR 1.64,
95% CI (1.33-2.03), p<0.00001) [44]. In another meta-
analysis of 3233 patients with HNC, sarcopenia predicted
poor prognosis in both the radiotherapy (HR 2.50, 95% CI
1.95-3.21) and surgery groups (HR 1.63, 95% CI 1.40-1.90)
[47]. Negative impacts of sarcopenia were more noticeable
in the surgery group than in the RT group [47]. Based on
studies and meta-analyses, low SMM was linked to poor
overall survival and disease-free survival regardless of treat-
ment modalities [47], tumor localization [48, 49], region of
study population [45], and measurement level [26]. There
were also studies combining low SMM and systemic inflam-
mation biomarkers that found higher prognostic effects for
survival [50, 51]. Another study on head and neck cancers
evaluated combined muscle strength, muscle function, and
SMM. When each of them was assessed separately, SMM
was not found to be a significant prognostic on overall sur-
vival, but in combination, overall survival was statistically
lower in sarcopenic patients [52]. In a study with advanced
oral cavity cancers, SMI was evaluated at pre-radiotherapy,
third month, and ninth-month CT after treatment. The over-
all survival (HR: 1.88, 95% confidence interval: 1.58-2.23;
p <0.001) of patients with progressive muscle loss through-
out the process was significantly lower [53].
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Recently, the impact of reduced muscle attenuation in
cancer patients on clinical outcomes has gained interest.
Martin et al. found that muscle attenuation is an independent
predictor of survival in cancer patients, including patients
with HNC (HR 1.25, 95% CI 1.07-1.46, p <0.001) [10].
In another study, Findlay et al. showed that skeletal mus-
cle loss, sarcopenia, or myosteatosis was associated with
unplanned hospitalization costs and shorter overall survival
in patients with HNC [54]. Baseline myosteatosis may be
an independent risk factor for shorter overall survival and
might have a greater impact on decreasing overall survival
than baseline sarcopenia [54]. Similarly, Yoshimura et al.
also revealed that patients with oral squamous carcinoma
with high intramuscular adipose content in psoas muscle
had reduced overall survival (p <0.01) [55]. They also found
that muscle quality and quantity correlate between C3 and
L3 levels and that low muscle quality in the cervical region
also decreased overall survival [48].

The relationship between body composition and body
mass index (BMI) and prognosis in head and neck cancers
is complex, with conflicting studies on this subject in the
literature [56]. While it has been established that patients
with low BMI and cachectic cancer have a worse prognosis,
a study by Prado et al. revealed that obesity, on the other
hand, does not preclude the occurrence of cancer cachexia
and sarcopenia [28]. The study demonstrated the presence
of a sarcopenic obesity group, which is reshaping onco-
logic research. Increased pre-treatment BMI was found to
be associated with better cancer survival in patients with
HNC in some studies [57, 58]. Sarcopenia was also similarly
linked to a worse overall survival rate regardless of the BMI
group, indicating that sarcopenic obesity might be a worse
prognostic factor in patients with HNC than BMI [49, 56].
In a recent study of 216 oropharyngeal patients, sarcopenic
obesity remained a significant negative prognostic factor
for overall survival (HR 4.42; 95% CI 1.52-12.90, p=0.01)
and disease-free survival (HR 3.90; 95% CI 1.03-14.75,
p=0.04) independent of other well-known prognostic fac-
tors like HPV status [49].

Patients with head and neck cancer often experience
changes in fat distribution in addition to sarcopenia, which
can lead to increased morbidity and mortality. Recent studies
have suggested that analyzing fat compartments in the head
and neck area may also serve as a complementary marker
for sarcopenia in patients with HNC. A study by Lee et al.
investigated the associations between subcutaneous adipose
tissue and visceral adipose features with survival outcomes
in patients with HNC [59]. They found that patients with
high visceral adipose volume both had superior survival
rates compared to patients who were underweight or nor-
mal weight and those with a low visceral adipose volume
(» <0.05). These findings suggest that analyzing fat com-
partments in the head and neck area may also be a useful

tool for identifying HNC patients like sarcopenia and may
help guide interventions to improve their outcomes. Can-
cer cachexia, sarcopenia, and sarcopenic obesity can occur
at any body weight and BMI, and imaging methods as an
opportunistic tool may be useful for identifying occult mus-
cle wasting.

Studies suggest that the combination of skeletal muscle
loss and increased adipose tissue may lead to the production
and release of proinflammatory cytokines such as interleukin
(IL)-1 and IL-6, as well as adipokines like leptin and tumor
necrosis factor-alpha [60]. Sarcopenic patients may have
decreased levels of myokine, adiponectin, and IL-15, which
can inhibit the immune system, specifically natural killer
cells [61]. Despite skeletal muscle functioning as an endo-
crine organ that secretes myokine peptides with antineoplas-
tic activity, and which regulate metabolism, inflammation,
immunological function, and adipose tissue oxidation, the
mechanism of survival effects on cancer patients is yet to
be fully understood [62, 63]. Sarcopenia may also serve as
an indicator of overall physical fitness, which can impact
surgical complications that may delay or hinder adjuvant
therapy, and chemo-radiotherapy complications that may
result in treatment cessation. Therefore, sarcopenia should
be considered a “vital sign” beyond muscle dysfunction [64].

Sarcopenia as a predictor of toxicity
and postoperative complications

In recent decades, there has been increased attention given
to body composition and its relationship to treatment-related
toxicities. Numerous studies have investigated the role of
low SMM in chemotherapy dose-limiting toxicities (CDLT)
among patients with HNC. CDLT is defined as any toxicity
that results in a 50% reduction in cisplatin dosage, a four-day
treatment delay, and cisplatin termination following the first
or second treatment cycle or switch to carboplatin. Wen-
drich et al. conducted a study that showed CDLT occurred
more frequently in HNC patients with low SMM compared
to those with normal SMM (44.3% vs 13.7%, Fisher’s
exact test: p<0.001, Relative Risk =3.2). Patients with
low SMM had over threefold increased risk for CDLT, and
those who experienced CDLT had significantly decreased
overall survival compared to those without CDLT (36.6 vs
54.2 months) [65]. Bril and Chargi et al. reported consistent
findings that low SMM increased CDLT in HNC patients
receiving high-dose cisplatin [66, 67]. Another study with
213 patients with HNC found that low SMM was signifi-
cantly associated with premature discontinuation of chem-
otherapy due to toxicity (p=0.021, OR 0.96 [0.92-0.99])
[68]. Huang et al. demonstrated that chemotherapy dose
reduction and modification were more frequent in sarcopenic
nasopharyngeal carcinoma patients [69]. A recent study with
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92 HNC patients receiving induction chemotherapy (doc-
etaxel, cisplatin, and 5-fluorouracil) found that patients with
low SMI experienced more frequent chemotherapy-related
toxicity compared to those with higher SMI [70]. These
findings suggest that sarcopenia is a predictor of toxicity in
patients with HNC, and may have implications for treatment
planning and dosing adjustments.

Cisplatin dosage is crucial for effectiveness of chemo-
therapy, and reduced cumulative cisplatin doses can lead to
poorer oncologic outcomes [71]. Clinicians are primarily
concerned with suboptimal therapy, including dosage reduc-
tion and delays, and therefore, the largest tolerable cisplatin
dose is warranted for curative purposes. Several theories
have been proposed for cisplatin-related CDLT in sarcopenic
patients. Due to the hydrophilic nature of cisplatin, it can
bind to fat-free body mass, of which SMM is the largest
component. A study by Chargi et al. showed that muscle loss
alters the pharmacokinetics of cisplatin, and HNC patients
with low SMM have higher-bound cisplatin levels [72].
Low pre-treatment SMM might also be utilized to support
a treatment de-escalation strategy, such as weekly low-dose
cisplatin, to improve treatment adherence and cumulative
cisplatin dosage provided [66].

In a recent study of 61 refractory or metastatic HNC
patients who received immunotherapy, no significant
relationship was found between low SMM and immuno-
therapy-related adverse events [73]. Similarly, a study by
Huiskamp et al. investigating dose-limiting toxicity in LA-
HNC patients receiving cetuximab and radiotherapy found
that low SMM had no prognostic role for cetuximab-related
dose-limiting toxicity [74].

Radiotherapy to the head and neck region can cause
severe adverse effects, such as dysphagia, mucositis, and,
eventually, xerostomia. Prolonged radiation (> 8 weeks) due
to radiotherapy-related side effects can negatively impact
survival outcomes in patients with oral squamous cell car-
cinoma who receive surgery and adjuvant radiotherapy [75].
Patients with low SMI are particularly at risk of these side
effects. In one study, patients with low SMI were more likely
to require more than one week of treatment gap due to poor
oral intake, infection or mucositis [76]. In another study,
over 20% of sarcopenic patients with HNC had a prolonged
radiotherapy treatment interruption due to radiotherapy-
related esophagitis, mucositis, or dermatitis [77]. However,
a recent prospective study found no association between
sarcopenia and dysphagia, mucositis, or dermatitis toxicity
in either the chemo-radiotherapy or radiotherapy groups of
patients with HNC [78]. Nevertheless, grade >3 mucosi-
tis was found to be linked to low SMM in a study with 60
oral cavity cancers who received chemo-radiotherapy after
surgery [79]. In another prospective study of 977 patients
with HNC; low SMM was associated with physician-rated
grade > 3 dysphagia [80]. Interestingly, there is a complex
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relationship between sarcopenia and dysphagia. Dysphagia
as a toxicity may have been seen more frequently in the
sarcopenic group due to a vicious cycle between sarcopenia
and dysphagia. Dysphagia and malnutrition may result in
sarcopenia. Sarcopenia, if swallowing-related muscles are
affected, may cause dysphagia and deteriorate malnutrition
[80]. Furthermore, Lee et al. found that SMI loss progres-
sively from pre-treatment to the third month after treatment
was linked to acute grade >3 mucositis and grade >?2 dys-
phagia [53]. Additionally, low SMM in patients with HNC
treated with chemo-radiotherapy was found to be a risk fac-
tor for aspiration pneumonia [81] and extended feeding tube
dependency [82] in studies.

In terms of radiation-induced late toxicity, a study found
that sarcopenia was associated significantly with physician-
rated xerostomia and physician-rated dysphagia (OR =2.02
(95% CI1=1.17-3.51), p=0.012) [83]. These findings sug-
gest that low SMM before treatment can be a predictor of
radiotherapy-related acute and late toxicity in patients with
HNC.

Several studies have investigated the impact of radiation
therapy on muscle function in patients with head and neck
cancer [84, 85]. Radiotherapy is designed to destroy cancer
cells by delivering high-energy radiation to the cancerous
tissue, but it can also damage healthy tissue in the surround-
ing area, including the muscles [86]. The muscles in the
head and neck region are particularly vulnerable to radia-
tion damage because they are small and located close to the
target area. Radiation therapy can cause significant mus-
cle atrophy and weakness in patients with HNC [84, 86]. A
study by van der Molen et al. found that radiation therapy
led to a significant decline in muscle strength and endurance
in patients with HNC [87]. Patients may experience mus-
cle weakness, stiffness, and fatigue, which can significantly
affect their quality of life [88]. The severity of muscle dam-
age depends on several factors, such as the total radiation
dose, the fractionation schedule, and the type of radiation
used [89]. Radiation oncologists use various techniques to
minimize the risk of muscle damage during treatment. For
instance, intensity-modulated radiation therapy [90] and
proton therapy [91] can deliver radiation more precisely,
thereby minimizing exposure to healthy tissue, including
the muscles. In addition, some patients may be candidates
for brachytherapy [92], which involves placing radioactive
seeds directly into the tumor or surrounding tissue, further
reducing exposure to healthy tissue.

Sarcopenia has been identified as an independent unfa-
vorable prognostic factor for various postoperative compli-
cations in patients undergoing surgery for head and neck
cancer. These complications include wound complications
[93, 94], pharyngocutaneous fistula [93-96], prolonged
hospital stay [94, 97], flap-specific complications [94, 98],
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readmission [99], blood transfusion requirement [100], and
surgical site infection [101].

In a study by Achim et al., the impact of preoperative
low SMM on pharyngocutaneous fistula development,
wound complications, and postoperative complications
was assessed in patients with HNC undergoing total lar-
yngectomy [93]. The study found that 24% of sarcopenic
patients developed pharyngocutaneous fistula, while it was
not observed in the non-sarcopenic group. Additionally, 50%
of sarcopenic patients experienced wound complications,
compared to only 13% of non-sarcopenic patients. Sarco-
penia was identified as an independent adverse prognostic
factor for the development of all post-total laryngectomy
pharyngocutaneous fistula and wound complications [93].

In another study, Ansari et al. found that low SMM was
a negative predictor of free fibula flap problems in patients
with HNC who underwent free fibula flap reconstruction,
regardless of age, comorbidity, ischemia duration, or smok-
ing [98]. Additionally, a study of 122 patients with oral can-
cer reported that low SMM was a significant independent
predictor of surgical site infection (p =0.015, OR=1.41 for
5 cm?/m? drop) [101]. Orzell et al. defined sarcopenia as low
SMM with low muscle strength and assessed the impact on
major surgical complications in HNC patients, finding that
sarcopenia was associated with longer hospital stay [97].
Jones et al. found that patients with low SMM were more
likely to require transfusions during surgery. They suggested
that transfusion-related complications might also be more
frequent in this population, and this should be taken into
account when blood products are scarce prior to surgery
[100].

Sarcopenic patients may have reduced physiological
capacity to recover after surgery and lower tolerance to sur-
gical stress due to alterations in protein metabolism [93].
The preoperative evaluation of SMM could aid in identify-
ing high-risk patients for severe complications and serve as
a prediction tool in clinical practice. A robust evaluation of
sarcopenia may provide an opportunity for nutrition optimi-
zation before surgery, which could lower the likelihood of
complications following surgery.

Exercise and nutritional intervention
to improve muscle quantity and quality
in head and neck

Cancer survivors

Our review also focuses on the regular evaluation and treat-
ment of sarcopenia in patients with HNC. A multidiscipli-
nary approach, including rehabilitation therapists, psychia-
trists, otolaryngologists, medical oncologists, and radiation

oncologists is essential in the treatment of patients with
HNC. Given significant physical, psychological, and social
effects of HNC cancers on patients, an interdisciplinary
approach aids in optimally planning and managing their
treatment [102]. Managing and preventing sequelae such as
dry mouth, swallowing and speech difficulty, and depression
after surgery and systemic therapy, requires regular follow-
up and evaluation by professionals familiar with the disease
[103]. Patients are at risk of depression from head and neck
cancer, therefore screening for depression is recommended
[103]. Dental healthcare should be performed before treat-
ment to reduce the risk of side effects after radiotherapy.
Patients should be referred to a dietitian at diagnosis, during
and after treatment since adequate nutritional support can
help prevent severe weight loss in patients with head and
neck cancers [104].

While therapeutic and nutritional interventions in head
and neck cancer can pose challenges, there are established
approaches that can be applied from other cancer types, such
as pancreatic cancer [105]. One example of an interdiscipli-
nary approach that has been examined in pancreatic cancer
is the use of nutritional and exercise interventions to prevent
or manage sarcopenia [105, 106]. These interventions may
involve working with a team of healthcare professionals,
including dietitians, exercise physiologists, and physical
therapists, to develop individualized exercise and dietary
plans to help patients maintain or improve their muscle mass
and strength.

Overall, the current findings regarding the detrimen-
tal effects of sarcopenia are clinically significant because
sarcopenia is a potentially modifiable condition, and early
detection of vulnerable patients may allow for therapeutic
intervention to reduce treatment-related adverse events.
Lifestyle changes, particularly dietary patterns and treat-
ment procedures have all been suggested [107]. The most
common interventions for sarcopenia include protein supple-
ments, calorie intake, and regular resistance training (both
resistance and aerobic) aimed at enhancing muscle mass and
strength [108, 109]. In a recent study, although it did not
reach statistical significance, patients with laryngeal and
oropharyngeal cancer who complied with frequent dietetic
counseling and contact after receiving definitive radiother-
apy tended to have better clinical progression-free survival
and overall survival [5]. Additionally, sarcopenia is linked
to the development of cancer-related exhaustion in patients
with HNC, and increasing muscle mass through resistance
training may help to reduce exhaustion and enhance well-
being [110]. In a study, Lgnbro et al. showed that there were
significant correlations between lean body mass, maximum
muscular strength, and functional performance. Patients
with HNC had worse values of these variables than healthy
people after radiation, although these impairments were cor-
rected after 3 months of resistance training [111]. Preventive
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Table 1 (continued)

Outcome Key finding

Treatment

Cut-point (cm?/m?)

No. of patients Sarcopenia

TNM Stage

Tumor site

Region

Author year

assessment

Female Male Methods

All complica- Sarcopenia (low

Major HNC

432 43.2  Non-gender-

L3 SMI®

251

All stages

HNC

Orzell et al.2021 Canada

SMM and low

muscle strength)
was associated
longer hospital

tions, OS,
DFS

surgery

specific cut-off
value [58]

[97]

stays

Transfusion

Blood transfu-

Flap reconstruc-

41.6  Van der Werf

All stages 239 L3 SMI 32

HNC

Jones et al. 2021 America

requirement

sion

tion after
resection
surgery

etal. [117]

[100]

from surgery

may be higher
in patients with

low SMM

CRT chemo-radiotherapy; CT chemotherapy; CDLT chemotherapy dose-limiting toxicity; DFS disease-free survival; DLT dose-limiting toxicity; HNC head and neck cancer; /CI immune check-

point inhibitors; IrAEs immunotherapy-related adverse events; LA-HNC locally advanced head and neck cancer; NPC nasopharyngeal cancer; OS overall survival, SMI skeletal muscle index;

SMM skeletal muscle mass; PCF pharyngocutaneous fistula; RT radiotherapy

4Specific cut-off value. The appropriate cut-off settings were determined using receiver operating characteristic (ROC) curves

The method by Swartz et al. performed to convert C3SMI into L3SMI [12]

swallowing exercises have been studied in individuals with
HNC receiving chemo-radiotherapy to enhance swallowing
function before or during therapy. Post-treatment swallow-
ing function improved as a result of these therapies [112].
However, in a prospective study with 243 patients with HNC
receiving radiotherapy or chemo-radiotherapy, adverse out-
comes of sarcopenia on survival still existed despite ade-
quate nutrition management with dietician consultation [78].
A randomized study with a small sample size in patients
with HNC found that a three-month lifestyle and exercise
program during radiotherapy had no significant impact
on the primary endpoint of body composition [113]. This
inconsistency may be due to the small sample size of the
study as a limitation. Recently, in a study of patients with
oropharyngeal carcinoma, a large proportion of patients still
had functional impairments in swallowing, mouth opening,
and speech function (25%, 20%, and 58%, respectively) after
radiotherapy, despite the implementation of a focused reha-
bilitation program for prevention [114].

Management of malnutrition and sarcopenia could be
challenging since the time period between HNC diagno-
sis and radiotherapy is typically short, as noted in previ-
ous research [78]. As a result, it remains unclear to what
extent a patient’s physical condition and nutritional health
could be improved before and during therapy to mitigate the
detrimental consequences of sarcopenia. Future research is
needed to investigate these processes more thoroughly in
the future.

Discussion and future perspectives

Numerous studies with convincing evidence have shown
that sarcopenia in HNC is associated with poor prognosis,
poor surgical outcomes, and an increased risk of compli-
cations and chemo-radiotherapy toxicity. However, there is
still room for improvement in muscle measurement, statisti-
cal analyses and validated sex- and region-specific standard
cut-point values for the diagnosis. SMI cut-point values for
diagnosing sarcopenic individuals should be addressed since
there is no consensus in the literature [34] (Table 1). In stud-
ies, patients with HNC are stratified as low SMI and normal
SMI using statistical techniques such as dichotomization
according to various SMI cut of values [31, 46]. Patients
with low SMI under the cut-point values are assumed to
have the same risk of toxicity and risk of death and vice
versa. However, this approach obscures true dose-response
relationships, and analytic limitations need to be improved
in future studies [115, 116]. According to the definition of
Prada et al. [28], L3SMI cut-off values (55 cm?*/m? for men,
38.5 cm?/m? for women) indicate that both SMI values of 50
and 20 are sarcopenic and have the same risk. Similarly, a
woman with a SMI of 39 is not sarcopenic, while a woman
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with a SMI of 38 is sarcopenic. Despite the benefits of imag-
ing methods, the incidence of aberrant muscle features in
patients with HNC and the assessment of sarcopenia var-
ies greatly between studies. Many studies in the literature
have identified sarcopenia using skeletal mass indices with
heterogenous cut-offs [117, 118] from various body areas,
such as the infrahyoid [119], temporal [120], masticatory
muscle [121], and lumbar paravertebral muscle [122]. In
this scenario, no sentinel muscle for sarcopenia assessment
has been approved, making the literature data difficult to
interpret [123]. Additional studies are required to address
these issues and establish age, sex, and race-specific refer-
ence values for CSMA at the level of C3 or L3 for diagnosis
of sarcopenia.

In the field of sarcopenia, an area that could be explored
in future research is myosteatosis. Since muscle structure
and composition vary with micro and macroscopic aspects,
investigating myosteatosis could provide insights into mus-
cle quality. Developing diagnostic criteria for low muscle
attenuation and a systematic technique for quantifying
myosteatosis would be beneficial to this emerging field of
study. More research is needed to use muscle quality as the
primary parameter for defining sarcopenia and specifying
therapy for myosteatosis [16]. Secondly, creating bioreposi-
tories and automated software utilizing artificial intelligence,
such as machine learning and deep learning, are promising
area [124, 125]. These technologies would provide a more
accurate, automatic measurement of total muscle volume
according to MRI or CT imaging, making SMM measure-
ment easier to implement in clinical practice [124]. The time
it takes to evaluate sarcopenia in a clinical context is a limit-
ing factor, and these instruments could yield precise body
composition data in seconds without manual effort [125,
126]. There is also substantial variability in anatomy at a sin-
gle section, such as C3 or L3, suggesting that single-section
analysis is of limited use. Using high technology for body
composition analysis on individuals with 3D analysis is a
more accurate technique [126, 127].

Conclusion

Patients with HNC are at a high risk of malnutrition and
sarcopenia. Simple and reliable methods to detect SMM
exist, such as routine MRI or CT scans of the head and
neck cancers. However, using abdominal CT imaging to
detect sarcopenia is not practical as it is rarely used in rou-
tine practice for patients with HNC. Low SMM in patients
with HNC is significantly associated with shorter disease-
free and overall survival time. Additionally, cisplatin and
radiation toxicity are more severe in patients with HNC
with low SMM, resulting in higher dose-limiting toxicity

@ Springer

and treatment interruptions. In head and neck surgery, a
low SMM could predict surgical complications. Identifying
sarcopenic patients could help physicians with better risk
stratification for therapeutic or nutritional interventions to
improve clinical outcomes in patients with HNC. Therefore,
international collaborations are needed to develop a meth-
odological agreement and reporting standards in sarcopenia
research to validate these findings and provide their applica-
tion in a clinical setting.
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