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Sarcopenia is characterised by progressive and extensive skeletal muscle degeneration and is associated
with functional decline. Sarcopenia has primary and secondary aetiology, arising as a result of the ageing
process or through chronic cytokine-mediated inflammation (associated with health conditions including
cancer), respectively. Diagnosis of sarcopenia is dependent upon detection of reduced skeletal muscle
strength, mass and performance. A combination of non-radiological and radiological methods can be used
to assess each of these in turn to accurately diagnose sarcopenia. Sarcopenia is known to adversely affect

Ié?r; ?:rrds" outcomes of patients with various forms of cancer. Early identification of sarcopenia is imperative in

Sarcopenia improving patient care and overall prognosis. Various interventions, such as resistance exercise, nutri-

Radiotherapy tional support, and amino acid a.nd_vitafnin supple.mentatiohn have s}_lown promise in the management

Chemotherapy of sarcopenia. However, further insight into novel interventions and indeed, assessment of the benefits
Prognosis of management of sarcopenia in terms of survival, are required to better support cancer patients.

Biomarker © 2020 The Authors. Published by Elsevier B.V. on behalf of European Society for Radiotherapy &

Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction standard deviations below young, healthy controls) has a preva-

In oncology, age is considered as a major factor in clinical deci-
sion making. Older patients tend to receive less intense treatment
due to presence of multiple co-morbidities, declining organ func-
tion, cognitive impairment, lack of social support, and clinician
decision to avoid adverse effects of treatment. Considering chrono-
logical age alone may disadvantage some patients who might be
otherwise “fit”.

A multitude of pathophysiological changes to the muscu-
loskeletal and neurological systems can be attributed to the ageing
process. Conditions common in older patients, such as osteoporosis
and Parkinson’s Disease, lead to a gradual decline in functional sta-
tus through increased frailty, falls and fractures. Also common in
patients over 65 is a gradual reduction in muscle mass. From
50 years of age, a 1% reduction in muscle mass per annum can be
observed [1]. Accordingly, in 65-70 year-olds, severe muscle loss
(defined as appendicular skeletal muscle mass less than two

* Corresponding author at: Professor of Clinical Oncology and Honorary Consul-
tant Clinical Oncologist, The University of Manchester and The Christie NHS
Foundation Trust, Manchester, UK.

E-mail address: ananya.choudhury@christie.nhs.uk (A. Choudhury).

https://doi.org/10.1016/j.tipsro.2020.10.001

lence of approximately 13-24%; whereas in over 80 year-olds, this
rises to approximately 50% [2,3].

In addition to various factors such as age, performance status,
stage of the disease, co-morbidities and frailty score to decide
the treatment and predict the prognosis, sarcopenia could be
another useful parameter that can be incorporated in our clinical
decision making. In this review, we aim to define sarcopenia,
understand the methods of evaluation, recognise the impact and
explore potential options in management.

Sarcopenia involves loss of skeletal muscle form and function

One condition involving reductions in skeletal muscle mass is
sarcopenia; first termed by Rosenberg in 1989; sarcopenia trans-
lates literally as “loss of flesh” [4]. Since this initial, fairly rudimen-
tary definition, characterisation of the condition has evolved from
being considered merely a loss of muscle. Nowadays, sarcopenia is
known as a geriatric syndrome, characterised by muscle failure;
that is, decreased muscle mass, accompanied by a loss of muscle
function and performance levels. Poor performance level alone is
a predictive factor for mobility limitation, hospitalisation and mor-
tality in the elderly population [5]. The European Working Group
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on Sarcopenia in Older People 2 (EWGSOP2) defines sarcopenia as
a “progressive and generalised skeletal muscle disorder that is
associated with increased likelihood of adverse outcomes includ-
ing falls, fractures, physical disability and mortality” [6,7]. Reduced
muscle strength, low muscle quality and low physical performance
are all recognised as diagnostic criteria by the EWGSOP2 and sar-
copenia is considered severe if all three criteria are satisfied [7]
(Table 1). The Asian Working Group for Sarcopenia (ASWG) defines
this condition as “age-related loss of skeletal muscle mass plus loss
of muscle strength and/or reduced physical performance” with
population specific cut offs for measurements [8]. Similarly, the
Foundation for the National Institutes of Health defined muscle
mass and muscle strength using a definite cut off [9]. Among the
many definitions and criteria available, EWGSOP2 is widely
accepted.

As alluded to by the EWGSOP2 definitions, sarcopenia is often
associated with frailty and reduced performance status, with a pre-
disposition towards falls and fractures [3,10]. Sarcopenia also has a
bidirectional relationship with age and comorbidity. Primary sar-
copenia is attributable to age in the absence of any underlying
comorbidity and develops as a result of the ageing process. Second-
ary sarcopenia, on the other hand, arises as a result of a chronic
inflammatory state (caused by diseases such as organ failure and
cancer). Both primary and secondary sarcopenia are of importance
as they adversely affect patients’ functional status and can worsen
prognosis of causative diseases [6,11].

Inflammatory processes mediate loss of skeletal muscle

Secondary sarcopenia arises, at least in part, through systemic
cytokine-mediated inflammation [12]. This shifts the body into a
pro-catabolic state, wherein protein degradation outweighs pro-
tein synthesis [13,14]. This, ultimately, leads to mobilisation and
degradation of protein, as part of gluconeogenesis, and net loss of
skeletal muscle tissue. Muscle loss is exacerbated further by com-
ponents of ageing (and chronic diseases), such as physical inactiv-
ity, poor nutrition and reduced secretion of anabolic hormones.
These factors attenuate generation of new skeletal muscle cells
and facilitate neuromuscular degeneration. Consequently, a grad-
ual and generalised loss of skeletal muscle may be observed
throughout the course of advanced organ failure, chronic inflam-
matory diseases, endocrine diseases and cancer. These diseases
typically have a higher incidence in older patients, compounding
the issue [15].

It is also worth noting that patients may enter a vicious cycle,
wherein concomitant progression of sarcopenia and chronic/de-
generative disease leads to reduced prognosis (Fig. 1). As skeletal
muscle is a key regulator of metabolic and inflammatory pathways,
the development of sarcopenia facilitates a loss of metabolic/in-
flammatory regulation and subsequent promotion of a generalised
inflammatory state [12,15]. This leads to accelerated progression of
existing health conditions. Research has demonstrated the prog-
nostic nature of sarcopenia in terms of survival in multiple health
conditions that are commonplace in the elderly, including cancer
[12,16-19]. Sarcopenic patients also have poorer tolerance to can-

Table 1
Simplified diagnosis of sarcopenia according to the EWGSOP2 [7].

Sarcopenia criteria satisfied Probability of

sarcopenia diagnosis

Reduced muscle strength.

Reduced muscle strength and low muscle quality/
quantity.

Reduced muscle strength, low muscle quality, low
physical performance.

Probable sarcopenia.
Definite sarcopenia.

Severe sarcopenia.
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cer therapies, with greater incidence of complications such as
infection, chemotherapy toxicity and perioperative problems,
which makes cancer more difficult to treat [13,20]. Whilst sarcope-
nia acts as a key driver in the progression of chronic disease, symp-
toms of chronic disease, such as physical inactivity and loss of
appetite further exacerbate sarcopenia, further accelerating the
index pathology and reducing prognosis. Fig. 2.

Sarcopenia can exist in isolation or as a component of cancer cachexia

Another multifactorial condition that is similar to sarcopenia,
cancer cachexia, is characterised by ongoing loss of skeletal muscle
that may or may not be accompanied by loss of adipose tissue,
asthenia and anaemia [21]. Cancer cachexia is caused by a complex
interplay between anorexia, increased protein catabolism, sys-
temic inflammation and increased resting state energy expendi-
ture. There is a considerable overlap in the pathophysiology of
development of cachexia and sarcopenia. The inflammatory
response is more pronounced in cachexia compared to sarcopenia.
The key differentiating feature of cachexia is the recognition of
hyper catabolic state and a negative protein energy imbalance
which is difficult to reverse.

The cachexia spectrum recognises three stages- pre-cachexia,
cachexia and refractory cachexia [22]. Pre-cachexia would involve
a weight loss < 5%, anorexia and metabolic change. Diagnosis of
cachexia requires satisfaction of one or more of the following crite-
ria: weight loss > 5% of total body weight over 6 months; body
mass index (BMI) < 20 kg/m? and weight loss > 2% of total body
weight; or appendicular skeletal muscle index consistent with a
diagnosis for sarcopenia and weight loss > 2% total body weight.
Finally, the refractory stage is defined by active catabolism, non-
responsive to treatment and poor functional status.

Whilst cancer cachexia is characterised by loss of total body
weight, sarcopenia is specific to loss of lean muscle mass. As such,
whilst cancer and sarcopenia may co-exist, it is possible that sar-
copenia may present insidiously through concurrent loss of skele-
tal muscle mass, but with retention of a consistent total body
weight.

Sarcopenic obesity represents a poor prognosis in cancer patients

Sarcopenia may be difficult to detect in some individuals, par-
ticularly those with sarcopenic obesity. These patients typically
have low muscle mass, indicative of sarcopenia, but also a BMI
greater than 30 kg/m? (consistent with obesity) [23,24]. In oncol-
ogy, sarcopenia is known to increase the risk of complications from
both malignancy and treatments, however sarcopenic obesity is
often overlooked/misunderstood. Sarcopenia may develop due to
increased metabolic demand (from the malignancy) leading to sub-
sequent proteolysis (through processes such as inflammation and
gluconeogenesis). In addition, lifestyle factors that are common-
place in cancer patients, such as physical inactivity and malnutri-
tion can attenuate muscle growth and facilitate adipose tissue
gain, leading to the development of sarcopenic obesity
[15,23,25]. In cancer patients, this is associated with poor progno-
sis relative to non-sarcopenic, obese patients. For example, in
patients with solid gastrointestinal or respiratory tumours, sar-
copenic obesity leads to reduced functional status and survival,
and increased chemotherapy toxicity [23].

Various tests are employed in the assessment of sarcopenia

Assessment of muscle mass and diagnosis of sarcopenia is
achieved through consideration of diagnostic criteria, as outlined
by the EWGSOP2. The prevalence of sarcopenia in different cancer
types and stages is not well defined, which may explain a lack of
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Fig. 1. Pathophysiology of primary and secondary sarcopenia.
(A)

SMI = 56.7cm?2/m?
Male
Not sarcopenic

SMI = 50.8cm?2/m?
Male
Sarcopenic

Fig. 2. Segmentations of computed tomography scans at the level of the third lumbar vertebra (L3) in (A) a non-sarcopenic male patient and (B) a sarcopenic male patient.
Blue segmentations indicate subcutaneous adipose tissue (sAT), purple segmentations indicate skeletal muscle (SM; paraspinal muscles adjacent to L3 and muscles of the
abdominal wall); yellow segmentations indicate visceral adipose tissue [VAT] surrounding the abdominal viscera; and grey/blank segmentations indicate the abdominal
organs (including the small and large bowel, liver and kidneys). Segmentation was processed using machine learning software [27]. Clearly, there is little visible difference
between some non-sarcopenic and sarcopenic patients, highlighting the importance of segmentation and calculation of SMI values. Abbreviations: SMI, skeletal muscle index.

universal diagnostic methods/thresholds. Nevertheless, various
analytical methods can be used to infer muscle strength, volume/
mass and performance, as summarised in Table 2 [7].

To measure muscle strength, clinical assessment methods such
as handgrip strength and chair-stand testing can be used. These
methods offer inexpensive, easy-to-measure means of assessing
muscle function. Hand grip strength is a quantitative variable mea-
sured using a calibrated handheld dynamometer. The threshold
values for low muscle strength are <27 kg for men and <16 kg for
women [5,26]. The chair stand test is another simple measurement
that can be easily implemented in the clinical environment.
The subject must rise from a chair, without support, five times in
less than 15 seconds. Although both these methods are time
efficient and convenient for clinical use, physical disability limits
their use [5].
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Muscle mass can be assessed using a range of non-radiological
and radiological methods. One such non-radiological method is
bio-impedance analysis, which is a measure of the insulative prop-
erties of tissues in response to an electrical stimulus. This can be
converted to readings of fat mass and fat-free mass of the patient.
To attain estimates of skeletal muscle mass, segmental bioimpe-
dance analysis (such as, of the upper and lower limbs) is con-
ducted. The accuracy of bioimpedance analysis, however, is
limited by variance in the volume of intracellular fluid. As such,
radiological methods are preferred in the assessment of muscle
mass [27].

Dual energy X-ray absorptiometry (DEXA) measures attenua-
tion of X-rays at two separate frequencies to ascertain indices of
body composition (such as total body mass, skeletal muscle mass,
total body fat percentage). These are typically normalised against
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Table 2
Assessment methods for sarcopenia.
Tool Cut off Comments
Screening for sarcopenia
SARC-F questionnaire [42] Score of > 4 Self-administered scale with highest

Ishii screening tool [43] Higher scores associated with increased
probability of sarcopenia.

Assessing muscle strength
Grip strength [44] <27 kg for men
<16 kg for women
Chair stand test [5] >15 s for five rises.
Assessing muscle mass/volume
DEXA [45] <7.0 kg/m? for men
<5.5 kg/m? for women
8.87 kg/m? for men

6.42 kg/m? for women

Bio-impedance analysis [46]

<55 cm?/m? for men
<39 cm?/m? for women

CT imaging [22]

Physical Performance tests
SPPB [39]
400 m (Walk 20 m laps) [41]

<8
Non completion or > 6minutes

Gait speed (Over a 4 m course) [40] <0.8 m/s

Total score = 10.

Rapid tool for screening

Individual scores for age, grip strength and calf circumference give a sum total score
out of 135.

Measured using handheld dynamometer.

Good correlation with other muscle compartments.
Rise as quickly as possible five times, with arms folded.
Mobility issue is a limiting factor.

Measure appendicular skeletal mass (ASM) or total body skeletal muscle mass
(SMM). These are adjusted for height, weight or BMI.

Measures total body fat and lean mass.

Inexpensive and reproducible

Used in ambulant and bed ridden patients.

Muscle mass is measured at 3rd lumbar vertebra and normalised to height.

Set of tests evaluating gait speed, balance and chair stand test. Maximum score = 12
Gait abnormalities, physical disability and cognitive impairment make it difficult to
perform these tasks.

Abbreviations: Dual energy X-ray absorptiometry; SPPB, short physical performance battery.

BMI/height, yielding useful barometers of body composition, such
as appendicular lean mass to height/BMI ratio [28]. Analysis of dual
energy X-ray absorptiometry at the level of the mid-thigh can be
used to calculate SMA and SMI of lower limb skeletal muscle.
Sex-specific appendicular SMI thresholds (of < 7.26 kg/m? in males
and < 5.45 kg/m? in females) can then be applied to define sarcope-
nia [7,22]. Whilst DEXA represents a precise means of assessing
body composition and skeletal muscle mass, it is limited by its
expense, additional radiation exposure and an inability to operate
on conventional X-ray machines.

Muscle mass can also be assessed using slices taken from com-
puted tomography (CT) scans, at the level of the third lumbar ver-
tebra (L3). Using CT slices, cross-sectional area of skeletal muscle
(SMA; including psoas, quadratus lumborum, erector spinae mus-
cles, transversus abdominis, internal and external obliques and
rectus abdominis) can be calculated [29]. This involves segmenta-
tion of skeletal muscle, which can be achieved through manual
contouring; or automated segmentation through use of machine
learning software [30-32]. Similar to BMI, SMA can be adjusted
to the square of the patient’s height yielding a skeletal muscle
index (SMI/cm?/m?) [23]. Sex-specific threshold values can then
be applied to SMI readings in order to diagnose sarcopenia. Euro-
pean consensus definitions of sarcopenia are an SMI < 55 cm?/m?
in males and < 39 cm?/m? in females [22].

Assessment of SMI at L3 is the current gold standard for infer-
ring total skeletal muscle mass using CT (and therefore, diagnosing
sarcopenia) (Fig. 1). However, this is reliant upon imaging of the
abdomen being available. Unfortunately, abdominal imaging is
not routinely performed in many patients who are at risk of devel-
oping sarcopenia. In particular, patients with head and neck cancer
are at increased risk of malnutrition (and therefore, sarcopenia)
relative to other malignancies [33]. Clearly, there is greater need
for assessment of skeletal muscle mass in those at greater risk of
developing sarcopenia. In this light, numerous studies have inves-
tigated whether SMA/SMI at vertebral levels other than L3 (and dif-
ferent muscles/muscle groups) can be used in the assessment of
sarcopenia [34-36].

In patients with head and neck cancer, a strong positive corre-
lation has been observed between SMA at the third cervical verte-
bra (C3; calculated wusing sternocleidomastoid and the
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paravertebral muscles) and SMA at L3 [34]. Similarly, in patients
treated with transcatheter aortic valve replacement, SMI at the
seventh and twelfth thoracic vertebrae (T7 and T12 respectively)
were both associated with SMI at L3. Interestingly, SMI at T12
and L3 were both associated with length of stay in hospital, sug-
gesting sarcopenia has a prognostic role in these patients [35].
Moreover, in patients with small-cell lung cancer, SMI taken at
L1 was positively associated with SMI at L3; however, SMI taken
specifically from pectoralis major at the level of the aortic arch
(T4) was not associated with SMI at L3 [36]. Altogether, this sug-
gests that valid assessment of skeletal muscle mass can be
achieved through measurement of SMI at multiple vertebral levels
and should probably encompass all skeletal muscle at that given
level, rather than delineating individual muscles.

Following segmentation, skeletal muscle density and adipose
infiltration can be measured, giving indication of skeletal muscle
mass and quality. Skeletal muscle density is reported as a CT num-
ber, measured in Hounsfield Units (HU), and characterises the per-
centage difference in density relative to water (which has a CT
number of 0 HU). Skeletal muscle typically occupies a CT number
of approximately 50-60 HU [37,38]. The lower the CT number,
the less dense and therefore, the more adipose infiltration is pre-
sent. Whilst there is potential for applications in this regard, mus-
cle density readings are limited by error margins of up to 15%,
owing to the instability of CT images, generated by artefact and
deviation of water values from 0 HU [37].

Cancer patients undergo multiple evaluations with CT scans
during their treatment. In a radiation oncology setting, the plan-
ning CT scan is a good source to calculate the sarcopenia indices.
Although segmentation at L3 vertebral level is considered the stan-
dard for evaluation, alternate vertebral levels may be chosen as
described previously. This evaluation can be carried out during
the planning process to identify individuals with sarcopenia.

Muscle performance tests evaluate whole body function in
terms of mobility and transfer. Short Physical Performance Battery
(SPPB), gait speed and 400 m walk testing are the most commonly
used methods. Assessment tools such as the (SPPB) are useful in
combining surrogates for musculoskeletal performance that
impact quality of life. The SPPB produces an aggregate score
between 0 and 12, based on balance, gait speed and chair stand
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tests, of which a score < 8 is diagnostic for low performance [39].
Gait speed is a straightforward measurement of time taken to walk
4 meter distance with a specified cut off at < 0.8 m/s [40]. Since it is
a very short distance, impediment in gait initiation phase could
impact the evaluation. The 400 m walk test allows testing of both
physical function and endurance. The task is to complete 20 laps of
20 m distance in the least amount of time [41]. All the performance
tests can be conducted without the need for additional equipment.
Cognitive impairment, physical disability, and gait and balance dis-
orders preclude its utility.

In terms of the diagnostic algorithm, muscle strength testing
should be performed first, followed by assessment of mass/volume
and then performance. Fulfilment of all three criteria is indicative
of severe sarcopenia, whereas one or two of these criteria indicates
probable and definite sarcopenia respectively [7].

Sarcopenia has profound impact on cancer treatment and
outcomes

Sarcopenic is increasingly recognised as a poor prognostic factor
in cancer treatment and outcomes. There is a growing body of evi-
dence suggesting that sarcopenic patients are at higher risk of
developing immediate post-operative complications and pro-
longed hospital stays after cancer resection [47-49]. Chemoradio-
therapy tolerance in sarcopenia patients is poor due to increased
prevalence of side effects and treatment interruption. This can be
explained by the variation in pharmacokinetics of drugs when
using body surface area for dose calculation. Patients with poor
lean body mass have a low volume of distribution of drugs and
are relatively overdosed [50]. In addition, pro-inflammatory states
can suppress hepatic cytochrome enzymes leading to increased
systemic exposure of cytotoxic drugs [51]. The prevalence of sar-
copenia in different types of cancer and stages is not well defined
in the literature. Perhaps this could be due to lack of universal def-
inition and diagnostic models.

In general, sarcopenic patients with various forms of cancer
have reduced survival relative to those without sarcopenia [52].
This difference is seen in both non metastatic patients receiving
curative treatment and in metastatic patients. Various groups have
studied the effect of sarcopenia in surgical, chemotherapy and
radiotherapy cohorts. Radiotherapy plays a vital role in curative
treatments of head and neck cancers, upper GI cancers and pelvic
malignancies such as cervix and bladder. Here we highlight a few
studies evaluating sarcopenia in patients undergoing radiotherapy.

Sarcopenia in head and neck cancer patients

Radiotherapy, with or without chemotherapy, is a standard
treatment for head and neck squamous cell cancer (HNSCC) and
is associated with significant side effects such as mucositis, dys-
geusia, dysphagia, odynophagia, nausea and vomiting. Treatment
toxicity leads to dietary insufficiency and subsequent malnutrition.
As a result, HNSCC patients may lose approximately 6-12% of their
body weight during the treatment course [53]. Other factors
related to weight loss include: advanced disease stage, use of con-
current chemotherapy and higher BMI [54]. In locally advanced
disease, higher treatment volume and radiation dose augments
damage to normal tissues, increasing the likelihood and severity
of side effects.

Ganju et al. (2019) showed that sarcopenia reduces chemora-
diotherapy compliance and increases chemotherapy toxicity in
patients with locally advanced HNSCC [55]. 58% of the 246 patients
investigated had pre-treatment sarcopenia and approximately 20%
of these sarcopenic patients had treatment interruptions lasting
more than one week. In addition, 45% of sarcopenia patients
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experienced dose-limiting chemotherapy toxicities. Moreover,
overall survival (OS) at 3years was poor relative to non-
sarcopenic patients (65.3% versus 79.9%). A similar study demon-
strated an approximately threefold increased risk of developing
dose-limiting toxicity in sarcopenic patients treated with chemora-
diotherapy (CRT) [56].

Grossberg et al. (2016) showed that pre- and post-treatment
sarcopenia is associated with worse OS in a cohort of 190 HNSCC
patients, treated with CRT [57]. A significant reduction in OS, from
75% to 62%, was observed in sarcopenic patients, relative to non-
sarcopenic patients. Post-treatment sarcopenia was also associated
with a reduction in OS, relative to non-sarcopenic patients. A sim-
ilar drop in OS (from 86% to 64%) was observed in patients experi-
encing post treatment skeletal muscle depletion. Post-treatment
sarcopenia was much higher in prevalence than pre-treatment sar-
copenia (65.8% versus 35.3%). Moreover, generalised weight loss
was not associated with significant changes to patient outcomes,
thus emphasising the importance of measuring SMI specifically,
rather than simply total body weight. A similar study reported a
two-fold increase in the prevalence of sarcopenia after treatment
relative to before treatment [58]. Furthermore, a threefold increase
in risk of recurrence and death was also observed among sar-
copenic patients.

Sarcopenia in upper gastrointestinal (UGI) cancer patients

Cancers arising from oesophagus, stomach, liver and pancreas
carry a limited prognosis. This relates to their late stage presenta-
tion and high predilection for local and distant spread. Poor nutri-
tional status is also implicated in the poor prognosis of patients
with UGI cancers. Patients with UGI cancer typically present with
dysphagia, weight loss, loss of appetite, nausea, vomiting, hae-
matemesis and deranged liver function. These factors facilitate
nutritional insufficiency, which can lead to the development of sar-
copenia. Furthermore, treatment of UGI cancers involves major
resections of the organ, chemotherapy and radiation, all of which
precipitate alterations in body composition.

A sub-study from a Swedish phase 3 trial evaluating trimodality
treatment with a biological agent in oesophageal cancer reported
higher incidence of CRT-related toxicity in the sarcopenia group
[59]. The incidence of toxicity > grade 3 was 83.3% versus 54.4%
in non-sarcopenic patients. Moreover, the prevalence of sarcopenia
increased from 29.5% before treatment to 63.9% during neoadju-
vant CRT. However, no significant difference in survival was
observed between sarcopenic and non-sarcopenic patients. A ret-
rospective analysis of patients undergoing similar treatment also
demonstrated increased side effects of neoadjuvant CRT without
significant impact on survival [60].

The relationship between sarcopenia and survival in patients
treated with radical CRT for oesophageal cancer has also been char-
acterised [61]. Interestingly, no significant differences were
observed with respect to OS or disease control in patients with
pre-treatment sarcopenia. However, patients developing sarcope-
nia after CRT had poorer survival relative to the rest of the cohort
(median OS 45 versus 74 months). It appears that CRT, either used
as neoadjuvant or radical treatment, increases the risk of nutri-
tional insufficiency, possibly reducing treatment tolerance. Specif-
ically, post-treatment complications (as well as male gender) were
associated with development of post-treatment sarcopenia.

Sarcopenia in preoperative gastric cancer patients varies
greatly, with a prevalence ranging from 7-70% [62]. Postoperative
radiotherapy to the gastric bed may be considered in selected
locally advanced gastric cancers. This involves irradiation of a sig-
nificant volume of the small bowel and pancreas, increasing the
risks of treatment side effects. A study evaluating postoperative
radiation to the gastric bed reported incidences of sarcopenia as
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29.4% (45/153), 27.3% (35/128) and 37.0% (37/100) prior to CRT,
6 months and 12 monthsafter treatment respectively [63].
Increased radiation dose to the pancreas saw a two-fold increase
in sarcopenia prevalence at 12 months (V46 > 57%). As such, func-
tional decline of the exocrine and endocrine pancreas could pre-
vent post-treatment recovery, further contributing to muscle loss.

Sarcopenia in pelvic cancer patients

The prevalence of sarcopenia is often underestimated in cancers
of the pelvic organs. In locally advanced cervical cancer, the preva-
lence of sarcopenia ranges from 33-51% [64]. One study found that
a third of patients with cervical cancer met diagnostic criteria for
sarcopenia criteria despite not being clinically malnourished. Fol-
lowing treatment, 69% of patients were clinically malnourished
and 58% were sarcopenic [65]. This was attributed to decreased
calorie intake and early satiety. It was also noted that many
women intentionally cut down on food intake to avoid gastroin-
testinal symptoms. Patients experiencing > 10% reduction in SMI
had higher early recurrence of disease and reduced survival follow-
ing CRT. In addition, sarcopenia was found to predict severe
haematological toxicity (>grade 3). By contrast, another study
failed to identify associations between pre-treatment sarcopenia
and survival [66].

With respect to bladder cancer, Psutka et al (2014) found that,
in a cohort of 205 bladder cancer patients treated with radical cys-
tectomy, sarcopenia was associated with worse cancer-specific
survival (CSS) and OS [67]. Approximately 68% of patients had sar-
copenia and these patients tended to be older (median age 72 ver-
sus 67.5years) than non-sarcopenic patients. Specifically,
sarcopenic patients had significantly lower 5-year CSS (49% vs
72%) and OS (39% vs 70%) relative to non-sarcopenic patients. In
addition, Fukushima et al. (2015) demonstrated that in patients
with inoperable bladder cancer, concurrent sarcopenia was associ-
ated with very poor OS (11 versus 31 months in non-sarcopenic
patients) [18]. Stangl-Kremser et al. (2017) reported a sarcopenia
prevalence of 72% in a series of 68 patients undergoing CRT [68].
By contrast to surgical studies, whilst the prevalence of sarcopenia
was high, no significant associations between sarcopenia and sur-
vival could be made. This could be due to the high median age
(82 years) and mortality due to other causes.

Management of sarcopenia in cancer patients

Due to the prognostic significance of sarcopenia in cancer
patients, early identification of sarcopenia and appropriate inter-
vention is clearly imperative. For decades, inference of prognosis
has been solely based upon performance status (PS; measured as
per the World Health Organisation [WHO] and Karnofsky PS
scales). PS can be used to separate patients into strata, according
to their ability to carry out activities of daily living and their func-
tional status. Whilst PS scales allow quantitative assessment of
patients’ performance, PS scales are highly subjective and are reli-
ant upon sound clinical judgement. Other prognostic factors, such
as total body weight and BMI can also be used to predict prognosis
in cancer patients. As explained earlier, total body weight and BMI
are not truly reflective of changes in body composition, increasing
the risk of false negative sarcopenia diagnoses. As such, supple-
mentation of PS, total body weight and BMI, with additional prog-
nostic factors, such as sarcopenia, could aid estimation of prognosis
and clinical decision making.

Exercise and resistance training are currently used to treat age-
associated sarcopenia [69-71]. Similar structured physical activi-
ties have been evaluated in cancer patients during treatment. In
a cohort of HNSCC, progressive resistance exercises for 12 week
periods improved the lean body mass by 4.2% [72]. Progressive
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resistance exercises aim to strengthen large muscle groups of the
body. This involves working the muscles against resistance using
free weights, machines or elastic bands. Typically, these exercises
are done in repetitions in multiple sessions. The resistance is pro-
gressively increased over a period based on the strength gained in
the muscle groups. Benefits of structured resistance training pro-
grammes include reduction in cancer related fatigue, decreased
anxiety, weight gain and BMI correction, as well as improved func-
tional status [73,74]. That said, exercise therapy may not be suit-
able in few patients due to poor adherence, advanced stage
disease, fatigue due to cancer and side effects of treatment limiting
functional capacity. As such, evaluation of patients followed by a
supervised and structured training programme is the ideal
approach.

The hypermetabolic state in cancer patients increases the
energy expenditure. As a compensatory mechanism, lipolysis and
proteolysis in the body reserves accelerates leading to a negative
energy balance. A study evaluating amino acid supplements like
glutamine, L-arginine and b-hydroxy b-methyl butyrate (HMB)
has shown an increase in lean body weight of about a kilogram
at the end of 24 weeks compared to the control group [75]. Leucine
as a standalone therapy (or combined with other supplements)
appears to promote an anabolic response and protein synthesis
[76]. Various other supplements, such as the omega-3 fatty acids,
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), as
well as Vitamin D and Vitamin C supplements have shown varied
response [77]. The studies evaluating nutritional intervention have
heterogeneous groups of patients and the end points differ
between them, making the evidence equivocal. Clearly then, ran-
domised, double-blinded data is required to evaluate the efficacy
of nutritional supplementation in the treatment of sarcopenia.
Nutritional counselling and feeding procedures such as nasogastric
or percutaneous endogastric feeding have proven beneficial to
reducing sarcopenia prevalence in patients with head and neck
cancer. Nutritional prophylaxis and early intervention are known
to reduce weight loss during treatment and improve treatment tol-
erance [78]. Importantly, nutritional support should be timed
effectively to maintain or increase muscle mass. In order to reverse
sarcopenia, nutritional support must be provided in the initial dis-
ease stages, as opposed to terminal disease, when the life expec-
tancy is less than 3 months [79].

Interventions aimed at controlling symptoms such as nausea
and vomiting may encourage enteral feeding. Exogenous hormone
therapies such as low dose corticosteroids, progesterone and
testosterone supplements exhibit modest advantage in terms of
increasing weight gain and appetite [80,81]. However, the benefits
of such therapies must be considered in the context of their risks
and side effects.

In addition, non-steroidal anti-inflammatory drugs (NSAIDs)
such as ibuprofen, celecoxib and indomethacin have been studied
with the aim of suppressing systemic inflammation, thereby inter-
rupting weight loss and cachexia [82]. Moreover, a synthetic neu-
ropeptide mimicking the action of ghrelin has been shown to
improve lean muscle mass in cancer patients [83]. However, this
had no functional improvements. Another drug, enobosarm is a
selective androgen receptor modulator which has shown lean body
mass gain in lung cancer patients [84]. Further novel therapies
(Bimagrumab and follistatin) targeting the myostatin pathway
are being explored. Overall, pharmacotherapy for sarcopenia is still
evolving.

Conclusion

Sarcopenia is a widely prevalent problem among cancer
patients, but often it is not recognised in the clinical setting.
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Screening patients for sarcopenia is relatively simple and it can be
incorporated along with performance status. The multiple CT
images obtained during a treatment provide us opportunity to
objectively quantify muscle loss at various time points. By inte-
grating sarcopenia assessment in treatment algorithms, patients
can be risk categorised for developing treatment complications
and necessary steps can be taken to mitigate them. Along with
PS evaluation, a rapid screening tool in the clinic would help in
identifying at risk individuals. This can be followed up with a more
formal evaluation using a physical test or by calculating the sar-
copenia indices using CT scans. These assessments further help in
predicting outcomes and can serve as a useful biomarker. Timely
nutritional intervention and exercise therapy has shown moderate
benefit in overcoming the complications associated with muscle
depletion. Moving forward, more research exploring other man-
agement options and supportive therapies is necessary.
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