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ARTICLE INFO ABSTRACT

Keywords: Cachexia is characterized by severe weight loss and skeletal muscle depletion, and is a threat to cancer patients

Cachexia by worsening their prognosis. International guidelines set indications for the screening and diagnosis of cancer

I(\:/[al;cer cachexia and suggest interventions (nutritional support, physical exercise, and pharmacological treatments).
alnutrition

Nevertheless, real-life experience not always aligns with such indications. We aimed to review the current state
of the field and the main advancements, with a focus on real-life clinical practice from the perspectives of on-
cologists, nutrition professionals, and radiologists. Pragmatic solutions are proposed to improve the current
management of the disease, emphasizing the importance of increasing awareness of clinical nutrition’s benefits,
fostering multidisciplinary collaboration, promoting early identification of at-risk patients, and leveraging
available resources. Given the distinct needs of patients who are receiving oncologic anti-cancer treatments and
those in the follow-up phase, the use of tailored approaches is encouraged. The pivotal role of healthcare pro-
fessionals in managing patients in active treatment is highlighted, while patient and caregiver empowerment
should be strengthened in the follow-up phase. Telemedicine and web-based applications represent valuable
tools for continuous monitoring of patients, facilitating timely and personalized intervention through effective
communication between patients and healthcare providers. These actions can potentially improve the outcomes,
well-being, and survival of cancer patients with cachexia.

Nutritional intervention

disrupts endocrine function, impacting both the metabolism and the
central regulation of appetite and satiety, worsening cachexia [2,6,7]. In

Background

Cachexia, Greek term indicating “poor physical status”, is a life-
threatening wasting syndrome whose main manifestations are severe
weight loss and skeletal muscle depletion. Cachexia usually emerges in
patients affected by inflammatory conditions, including cancer [1,2]. Up
to 80 % of patients with advanced cancer experience cachexia.
Pancreatic, oesophageal, gastric, head and neck, lung, and liver malig-
nancies are commonly associated to cachexia’s risk [3-5].

The pathophysiology of cancer cachexia is marked by a complex
interplay between tumour-related factors and patient-specific variables.
Prolonged exposure to adverse effects from anti-cancer treatments

turn, cachexia makes the patients more prone to develop treatment
toxicity. The decreased appetite with the consequent reduced food
intake accompanied by increased catabolism, results in an overall
negative energy balance. In addition, diminished gastrointestinal auto-
nomic function and chronic fatigue, commonly experienced by cancer
patients, create a detrimental cycle that exacerbates their clinical con-
dition. This vicious circle leads to a gradual decline in lean body mass
and reduced physical activity, further compromising the patients’ well-
being [8]. Cachexia negatively impacts the quality of life (QoL) of cancer
patients [4,8,9], is associated with a worse prognosis and shorter life
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expectancy, and appears to be the primary cause of mortality in 20-30 %
of cancer patients [2,4,9,10].

Due to the widespread prevalence of this disorder and the associated
poor clinical outcomes, it is crucial to promptly identify individuals at
risk of developing cachexia and to optimize nutritional care of cancer
patients diagnosed with cachexia [4,9,11-15]. Over the years, many
recommendations have been proposed [16,17,4,9].

Recently updated clinical practice guidelines (CPG) from the Amer-
ican Society of Clinical Oncology (ASCO) and the European Society for
Medical Oncology (ESMO) have provided guidance for the diagnosis,
risk assessment, and management of cachexia in cancer patients, which
however remain challenging and overlooked in clinical oncology
[11-14,17,18,4].

We aim to review the existing knowledge concerning the diagnosis
and management of cancer cachexia, highlight the challenges faced in
clinical practice, address unmet needs, and explore the recent ad-
vancements. Our goal is to identify potential strategies and therapeutic
options that can be integrated into clinical practice in the near future.

Definition of malnutrition and cachexia in cancer patients

Malnutrition and cachexia are two conditions commonly occurring
in cancer patients [3]. Efforts have been made to discriminate these two
overlapping nutritional disorders to facilitate their diagnosis and treat-
ment. Malnutrition, also referred to as undernutrition, is defined as “a
state resulting from lack of intake or uptake of nutrition that leads to
altered body composition (decreased fat free mass) and body cell mass
leading to diminished physical and mental function and impaired clin-
ical outcome from disease” [19]. The International Consensus Guideline
Committee distinguished starvation-related from disease-related
malnutrition according to the absence (of the former) and presence (of
the latter) of a systemic inflammatory milieu. Anorexia nervosa, a
medical condition associated with chronic starvation occurring without
inflammation, is an example of chronic starvation-related malnutrition.
Disease-related malnutrition can be caused by either acute disease or
injury (e.g., infections, burns, trauma, etc.), or chronic diseases (e.g.,
cancer, rheumatoid arthritis, chronic kidney disease and other end-stage
organ diseases), both of which are characterized by an ongoing in-
flammatory response (mild or sustained, respectively) [19,20]. Ac-
cording to the Global Leadership Initiative of Malnutrition (GLIM)
group, the diagnosis of malnutrition is formulated with at least one
phenotypical (weight loss > 5 % in 6 months, BMI < 20 kg/m?, low
muscle mass) and one etiological (reduced food intake and/or absorp-
tion, increased systemic inflammation and catabolism) criterion [21].
Systemic inflammation should be determined using the modified Glas-
gow Prognostic Score (GPS), which combining both C-reactive protein
(CRP) and albumin serum levels [4,22] gives a reliable prediction of the
patient’s outcome [22,23]. Should systemic inflammation be the cause
of malnutrition, the patient is believed to be affected by cachexia [4],
and as recommended by ESMO CPG, cancer cachexia should be defined
as “disease-related malnutrition based on the GLIM definition of
malnutrition and the presence of systemic inflammation” [4]. More in
detail, both ESMO and ASCO CPG adhere to the description of cancer
cachexia outlined by an international consensus in 2011 [9]. According
to Fearon and colleagues, cancer cachexia is a multifactorial progressive
condition characterized by ongoing weight loss (particularly skeletal
muscle, but not necessarily fat mass), that leads to functional and
physical decline and cannot be fully reversed by conventional nutri-
tional support [9]. In addition, cachexia should be considered as a
continuum of three clinically distinct stages: pre-cachexia (involuntary
loss of weight lower or equal to 5 %), cachexia (weight loss > 5 % within
a 6-month period and sarcopenia), and refractory cachexia (advanced
cancer, low performance score and < 3 months of expected survival).
However, not all patients experience the entire spectrum [9]. The
recognition of these stages challenges the conventional perceptions of
cachexia, offering a window for early intervention and prognosis
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improvement.

Importantly, starvation-related malnutrition and cancer cachexia
have several distinct features, with the latter being characterized by
protein catabolism and muscle atrophy that result in sarcopenia [8].
Cachexia is sustained by the elevated level of pro-inflammatory cyto-
kines [24]. Tumour necrosis factor alpha (TNFa), interleukin 1 beta, and
interleukin 6 are thought to induce muscle wasting by activating cata-
bolic pathways within skeletal muscle cells [6,25]. Recent studies have
highlighted the potential role of non-inflammatory factors, such as
activin A, myostatin, growth differentiation factor (GDF) 15, and
lipocalin-2, in orchestrating catabolic signalling. This discovery suggests
the existence of alternative pathways, opening avenues for innovative
translational approaches in the treatment of cancer cachexia [26].

Methods

To assess the current issues of cachexia cancer management in the
clinical practice, we performed a systematic literature search on the
PubMed database following the PRISMA guidelines [27] [keywords
(Title/abstracts): “cancer” and ‘“cachexia” or “malnutrition” and
“guidelines” or “guideline”, filter ‘year 2019-2023’]. The search per-
formed on November 8, 2023, retrieved 216 results (Supplementary
material). From the identified guidelines, authors independently eval-
uated the evidence according to their expertise. The selected papers
were discussed in depth, with focus on “nutritional screening, risk
assessment and diagnosis” and “management”. This critical review
encompassed an analysis of the existing recommendations, highlighting
gaps and challenges, and proposes practical approaches aligned with
real-world clinical practices in the “Practical Suggestions” section.

Nutritional screening, risk assessment and diagnosis of cachexia
in cancer patients

Current recommendations

Risk of malnutrition, nutritional deficiencies and overt malnutrition
have been reported respectively in 43 %, 51 % and 9 % of patients with
solid cancers when assessed at the first oncological visit in the Preva-
lence of Malnutrition in Oncology (PreMiO) study. The follow-up study
NUTRIONCO revealed that malnutrition severity at baseline was asso-
ciated with a decreased survival in patients with non-metastatic cancers
[28,29]. To assess nutritional risk, ESMO CPG suggest employing the
following tools: Malnutrition Universal Screening Tool (MUST), Nutri-
tion Risk Screening 2002 (NRS-2002), Short Nutritional Assessment
Questionnaire (SNAQ) and the Malnutrition Screening Tool (MST) [4].
In addition, patients at risk should be re-assessed monthly by a nutrition
professional, while those that are not, every 3 months (or at the start of
chemotherapy) [4]. The Italian Intersociety Working Group for Nutri-
tional Support in Cancer Patients advises regular nutritional screening
for cancer patients, including during the first visit, follow-ups, and
within 48h of hospitalization [16].

For a standardized differential diagnosis of malnutrition and
cachexia, the recent ESMO CPG recommend the criteria established by
the GLIM working group [21].

Gaps and challenges

Among the four nutritional screening tests recommended by ESCO
CPG (MUST, NRS-2002, SNAQ, MST), none is systematically used for
cancer patients in different oncology settings [30].

Despite recommendations, the percentage of cancer patients under-
going an early nutritional assessment is consistently lower than expected
[14,15,18,31]. Routine nutritional assessment and standardized diag-
nosis of malnutrition and cachexia fall short in oncology practice
[10,11,13-15,24]. Real-world data from France, Germany and Italy
highlighted a lack, or a substantial delay in formulating the diagnosis of



C. Bianchini et al.

malnutrition [13]. Up to 77 % of cancer patients in France never receives
a diagnosis, and only few obtain the necessary nutritional care [13]. The
misconception that cachexia only occurs in end-of-life cancer patients
fuels this neglectful approach [29].

The lack of a comprehensive nutritional education and training of
healthcare professionals (HCPs), along with a scarce collaboration be-
tween oncologists and clinical nutrition professionals, are the barriers to
the implementation of a standard nutritional care. The absence of clear
procedures for oncology HCPs complicates screening and diagnosis
[11,24].

The lack of a structured multidisciplinary team and the low number
of nutrition experts supporting oncologists, may negatively impact the
correct interpretation of the data and hinder screening [16,24]. The
Barwon Health Cachexia & Nutrition Support Service (CNSS) suggests
that a structured multidisciplinary service would improve the care of
personalized approaches [32].

The application of criteria for cachexia definition can yield incon-
sistent results in patients with specific conditions, such as intestinal
insufficiency or failure [33,34]. The investigation of all GLIM criteria in
clinical practice is not always feasible. Guidance is essential to identify
the best criteria combination for malnutrition diagnosis and to predict
the best outcome. Moreover, nutritional screening tools are underutil-
ized or implemented too late for cancer patients, supporting the idea of a
lack of awareness about the benefits of an early nutritional intervention.
Nutritional parameters are often overlooked in oncology trials, leading
to their underestimated value [24].

Staging the progression of the disease is also an unmet need in
clinical practice. Several tools have been generated to facilitate the
staging through clinical parameters and inflammatory markers. Argiles
et al. proposed the Cachexia SCOre (CASCO), followed by a simplified
version (miniCASCO) [35,36]. Other examples are the four-group model
by Blum et al. [37] and the cachexia staging score (CSS) [38]. While
these algorithms hold promise for clinical implementation, they come
with certain limitations. These include: i) the inability to distinguish
between pre-cachectic and cachectic patients [37]; ii) challenges in
completing tests due to the extensive number of measurements required
[35]; iii) validation based on a limited patient sample [36,38]. Conse-
quently, a universally accepted, precise, and validated method for
staging the progression of cachexia remains elusive.

Body composition and skeletal muscle loss in cachectic cancer pa-
tients have greater prognostic value compared to body weight or BMI, as
the latter do not necessarily reflect a reduction in lean mass [4,9]. GLIM,
ESPEN and ESMO CPG encourage the evaluation of body composition
using either computed tomography (CT), dual X-ray absorptiometry
(DEXA), bioelectrical impedance analysis (BIA) [4,39]. CT imaging for
body composition assessment is promising, but lengthy analysis, radia-
tion exposure, machine accessibility, and high costs limit its application.

Overall, despite steps forward to improve the definition, diagnosis
and staging of cancer cachexia in recent years, more efforts should be
made to ensure the standardized and universal application of the rec-
ommended approaches. To enhance guidelines’ application, malnutri-
tion and cancer cachexia research questions should be addressed in
prospective studies, so to increase the quality of evidence.

Recent advances

Current research focuses on innovative scores, digital tools and
diagnostic and/or prognostic biomarkers to formulate an early diagnosis
of cachexia in cancer patients.

Scores. Wang et al. established a novel cancer cachexia staging index
(CCSI) that combines both objective (BMI-adjusted weight loss grade,
weight loss, inflammatory markers and prealbumin levels) and subjec-
tive (appetite and physical status) measurements. The score was pro-
spectively tested in more than 10,000 patients with gastrointestinal
cancers. CCSI categorizes patients in no cachexia, mild or moderate, and
severe cachexia subgroups. CCSI also discriminates patients based on
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their nutritional status, physical function, inflammation, body compo-
sition, symptom burden, and QoL. The score showed to predict survival
in a multivariate analysis [40].

Digital tools. An online dynamic nomogram based on five predictive
factors (age, two nutritional screening tests, QoL, cancer type) has been
developed. The study included 4834 cancer patients, randomised to
either the development or validation cohort. The nomogram demon-
strated a high degree of specificity and sensitivity in predicting cachexia.
This easy-to-use online system could be conveniently implemented in
routine clinical practice and could offer a valid support to HCPs in
evaluating cancer patients at the first visit [41].

Recent advances in artificial intelligence (AI) algorithms have
allowed a rapid and automatic analysis of CT metrics (traditionally
based on manual or semiautomated segmentation processes) [42]. An
example of such progress is the fully automated image-based deep
learning platform developed for the assessment of sarcopenia [43]. The
authors generated this predictive algorithm based on data obtained from
899 individuals with head and neck squamous cell carcinoma, with
available abdomen CT scans and clinical information. Remarkably,
skeletal muscle index-based sarcopenia was associated with shorter
survival and prolonged feeding tube duration [43]. Once validated, Al
tools will hopefully allow the standardized implementation of an
exhaustive risk assessment procedure in oncology clinical practice.

Diagnosing cachexia is challenging when patients provide inaccurate
historical body weight information. To overcome this, machine-learning
methods utilizing baseline clinical characteristics other than body
weight are being explored. In a multicenter cohort study with more than
12,000 cancer patients, a 15-variable logistic regression model
(including parameters such as cancer type and stage, gastrointestinal
symptoms, and serum biochemistry evaluations) was developed. Even in
the absence of data on weight loss, the model showed good performance
in predicting cachexia in patients with different cancer types, previously
diagnosed using Fearons’ criteria [44].

Biomarkers. Numerous research groups have recently identified
circulating factors that may play a pathogenic role in the disease. Among
these, S100A8, S100A9 proteins and S100A8/A9 heterodimer were
identified in vitro as muscle atrophy inducing factors. Their serum levels
correlated with body weight loss and predicted the development of
cachexia in pancreatic cancer patients [45]. Other molecules of interest
include C-terminal agrin fragment (CAF) [46], ceramides [47] and
microRNAs (miRNAs) [48]. Further studies are required to validate
these preliminary results.

Management of patients with cancer cachexia
Current recommendations

ESMO and ASCO have provided guidance with the aim to ease
cachexia symptoms and preserve sufficient body resources. The main
recommendations focus on i) nutritional intervention; ii) physical ac-
tivity; and iii) pharmacological treatment [4,17].

Interventions should address the eating-related psychosocial distress
experienced by cachectic patients. The use of a multimodal approach
that combines different strategies to personalize the treatment is
endorsed to tackle this heterogeneous disorder [4], and its effectiveness
is being explored in clinical trials [49-51]. The CPG specifies the ne-
cessity for oncology institutions to establish a specialized cancer
cachexia team including dieticians, physiotherapists, palliative care
specialists, and psychologists. Additionally, collaboration with other
specialists, such as gastroenterologists, head, neck and pain specialists,
is emphasized [4].

Nutritional interventions

Over the last decades, several randomized clinical trials have been
conducted to evaluate the benefits of nutrition interventions in adults
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with cancer. As recently reviewed [52,53], most studies evaluated the
effects of dietary supplements, enteral and parenteral nutrition in pa-
tients with either gastrointestinal or head and neck cancer. The studies
were overall heterogeneous in the type and timing of intervention,
observation periods, use of comparator groups, parameters investigated,
population characteristics and sample size. Only a small proportion of
trials were deemed to be of a medium-to-high quality, but the results
were inconsistent, showing varying rates and extent of success. Of note,
the start of nutritional intervention also varied across studies, likely
being too late to guarantee maximal efficacy.

Despite the lack of strong, high-quality evidence, both ESMO CPG
and ASCO agree that all patients with advanced cancer and insufficient
food intake should systematically see a registered dietitian. Dietary
counselling should advise on appropriate food and improper supple-
ments and fad diets, which could further aggravate their clinical con-
dition [4,17]. The long-chain omega-3 fatty acids, eventually offered as
protein-enriched formulations (N3P-ONSs), may be used in patients
receiving chemotherapy, radiotherapy, or chemoradiotherapy to in-
crease weight, lean mass and improve QoL [4,54]. Indeed, most studies
have indicated that dietary counselling and N3P-ONSs may help
improve QoL and prevent body weight loss in patients undergoing
anticancer treatment, without effect on overall survival [4,54-59].

In patients unable to eat (due to nausea, dysphagia, or other tumour-
related reason), nutritional support should be offered through either
enteral tube feeding (ENT) or parenteral feeding (PN). ESMO CPG
recommend using ENT in patients retaining lower gastrointestinal
function, and PN if ENT is not tolerated or does not guarantee a suffi-
cient nutritional supply [4]. ASCO clarifies that these “invasive” nutri-
tional interventions should be temporary and limited to reasonably fit
patients [17]. Those techniques should be interrupted when patients
approach the end of life, as the associated risks and/or burden largely
overcome the benefits [4,17]. Due to the variable methodology used and
the scarce number of high-quality studies, further research is needed to
corroborate and/or update these recommendations.

Physical activity

Despite still insufficient evidence that demonstrates the safety and
effectiveness of exercise in the treatment of cancer cachexia [60], the
effects of physical activity on muscle metabolism and systemic inflam-
mation may help maintaining or improving muscle mass and strength,
reduce fatigue and enhance physical ability in cachectic patients. Be-
sides, exercise exerts beneficial effects on mental health and has been
found to reduce side effects from anti-cancer treatments [61,62]. A
combined exercise and nutritional intervention were recently found to
increase the likelihood of achieving the disappearance of invasive
tumour in women with breast cancer after completing adjuvant
chemotherapy [63]. More specifically, dysphagic patients should be
encouraged to perform swallowing exercises, as they have been associ-
ated with increased oral intake, solid food intake, lower dysphagia
severity and shorter feeding tube duration in a cohort of 595 patients
with oropharyngeal cancer [64].

Current ESMO recommendations favour the inclusion of moderate
physical exercise within the multimodal program for cancer cachexia,
suggesting resistance training two to three times per week in addition to
moderate aerobic (endurance) activity. Qualified professional trainers,
including physiotherapists, should collaborate in designing a training
program based on the individual’s physical abilities. The program
should be promptly adjusted or interrupted if clinical contraindications
arise [4].

Pharmacological treatment
Current ESMO CPG suggest the use of olanzapine to increase appetite

and contrast nausea in patients with advanced cancer [4]. In September
2023, ASCO released a rapid recommendation update endorsing the use
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of low-dose olanzapine to improve weight gain and appetite in advanced
cancer patients [65], based on positive results from a recent trial in
chemotherapy-treated patients [66]. Results from another RCT show
that olanzapine significantly reduced nausea and improved appetite also
in cancer patients not receiving chemotherapy [67]. Interestingly, the
combination of olanzapine with megestrol acetate increased appetite
and body weight compared with megestrol acetate alone in patients with
advanced lung or gastrointestinal cancer [68].

To date, no other pharmacological agents has been formally
approved for the treatment of cancer cachexia by either the European
Medicine Agency or the Food and Drug Administration. Anamorelin, a
ghrelin receptor agonist, is authorized in Japan to treat cachectic pa-
tients affected by non-small cell lung cancer, gastric cancer, pancreatic
cancer, and colorectal cancer [69], based on its efficacy in increasing
appetite and lean body mass. Further trials elucidating its anti-cachectic
effects are ongoing [70].

Because of the multidimensional nature of cancer cachexia, several
drugs with different mechanisms of action have been tested over the
years: i) inhibitors of inflammatory system; ii) central nervous system/
neuroendocrine modulators; iii) anabolic agents/muscle atrophy an-
tagonists. Systemic corticosteroids, inhibitors of pro-inflammatory cy-
tokines and non-steroidal anti-inflammatory drugs (NSAIDs) are the
main classes of anti-inflammatory agents evaluated for their potential
anti-cachectic effect.

The use of systemic corticosteroids in cancer cachexia is recom-
mended by ESMO and ASCO, providing that the treatment does not last
more than few weeks, so to avoid the risk of complications [4,17].

Inhibitors of cytokines, such as anti-TNFa inhibitors and thalido-
mide, as well as NSAIDs are not recommended due to either conflicting
results or poor study methodologies [4,17]. Nevertheless, the use of
NSAIDs as part of a multimodal intervention showed positive results in
cancer patients and is currently being investigated [4,49].

Progestins, ghrelin receptor agonists, cannabinoids, antipsychotic
drugs and prokinetics are the main classes of neuroendocrine modula-
tors explored for the treatment of cancer cachexia.

Medroxyprogesterone acetate and megestrol acetate are the most
studied progestins in the context of cancer cachexia and they both exert
similar, beneficial effects, increasing appetite and weight gain [4,17].
ASCO and ESMO generally recommend the use of progestins but warn
about the potential complications [4,17].

The effects of the tetracyclic antidepressant mirtazapine were
assessed in patients with advanced non-small cell lung cancer in a recent
trial. Although the appetite score was similar between mirtazapine and
placebo-treated patients, mirtazapine treatment increased energy intake
through enhanced fat assumption, and decreased the proportion of pa-
tients with sarcopenia. Based on these data, mirtazapine could assist
patients with advanced non-small cell lung cancer in meeting their en-
ergy requirements [71].

In light of their anabolic action, androgens have been explored for
their potential to counteract muscle wasting and increase physical
function in cancer cachexia. In particular, selective androgen-receptor
modulators (SARMs), are a class of compounds that have properties
similar to anabolic steroids, but with reduced androgenic effects. SARMs
selectively bind androgen receptors in certain tissues, thus stimulating
muscle and bone growth [72]. The SARM GTx-024 (enobosarm) has
been evaluated in phase II/11I trials with mixed results. After a promising
phase II study [73,74], a phase III study in non-small-cell lung cancer
patients showed an increase in lean body mass but with no associated
improved in functional responses, and the compound is currently not
approved from the FDA [72].

Gaps and challenges
The main barriers preventing the correct use of a single or multi-

modal approach in the clinical practice are an inadequate awareness
about the beneficial effects associated with the interventions, the lack of
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formal protocols and of a multidisciplinary team.

To date, the multimodal approach for the management of cancer
cachexia is rarely considered for patients in routine oncology practice.
Nutritional, physical and pharmacological interventions do not appear
to be used as recommended, even when not as part of a multimodal
strategy. Data collected through a survey across German hospitals
revealed that nutrition therapy in cancer patients is under-used and
nutritional goals (i.e., energy and protein intake) were not set in
approximately half of the cases [18]. More dramatically, only 8.4 %
Italian metastatic patients received nutritional intervention, consisting
of PN in the majority of cases. On average, nutritional intervention was
started after 6.6 months from the diagnosis of metastasis and 3.5 months
before death. The low percentage of patients being offered nutritional
care and the delay of such intervention underline the lack of awareness
about this approach in oncology practice [13].

Physical activity intervention also appears to be overlooked: only
19.6 % of German hospitals could offer training sessions within the same
facility [18]. On the other hand, too strenuous exercise may require a
greater energy demand than the patient’s own energy capacity, with the
risk of exacerbating rather than improving the patient’s cachectic status.
This is another reason why patients should be offered individual training
and be constantly monitored by dedicated exercise professionals [75].

None of the pharmacological treatments discussed above are
approved for the treatment of cancer cachexia. Additional trials with
cachexia-specific endpoints are required to strengthen CPG recommen-
dations and obtain regulatory approval of the investigated molecules
(alone or in combination).

Recent advances

In recent years, significant progress has been made in understanding
the pathophysiology of cancer cachexia. The discovery of novel path-
ways implicated in the progression of this disease has prompted the
development of innovative pharmaceutical agents, including modula-
tors of the transforming growth factor-beta (TGF-p) superfamily and
melanocortin-4 receptor (MC4R) antagonists.

Myostatin and growth differentiation factor (GDF)15 are two pro-
teins belonging to the TGF-p superfamily that play a role in muscle
growth inhibition. GDF15 exerts anorexigenic effects by signalling
through its receptor expressed in the brainstem, which contains appetite
regulatory centres [76]. While trials investigating the anti-myostatin
antibody LY2495655 have shown weak efficacy on muscle mass and
function [77], more expectations are being set on anti-GDF15 com-
pounds. Among those, PF-06946860 (also known as ponsegromab), a
monoclonal antibody against GDF15, has been investigated in phase I/IB
trials (results not yet published) and is currently entering a large phase II
trial involving patients with cachexia, cancer (non-small cell lung,
pancreatic or colorectal cancer) and elevated GDF15 serum levels
[70,771].

NGM-120, AV-380, and CTL-002 are other anti-GDF15 compounds in
early stages of clinical development [78].

Upon activation, MC4R-expressing neurons promote anorexia,
whereas inhibition of MC4R signalling is known to increase appetite and
food intake [79]. Some MC4R antagonists have been shown to exert
anti-cachectic effects in animal models and are currently being investi-
gated [70].

Other molecules such as ruxolitinib, a Janus kinase 1/2 inhibitor,
and the NSAID ketorolac are also being tested in phase I trials, on the
rationale of their anti-inflammatory effect [78]. Macimorelin, a newly
developed orally active ghrelin mimetic, has been tested in a pilot phase
II trial with no significant results in body weight improvement [80].
Finally, it is worth mentioning that innovative therapeutic avenues are
being explored as alternative approaches to pharmacological agents,
such as interventions to manipulate gut microbiota in cancer cachexia
patients [81].
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Strategies to implement cancer cachexia management should point
to early identification and referral of the patient at risk to the nutrition
specialist for a prompt intervention. Real-world practice imposes a series
of limitations (costs, availability of screening tools and nutrition spe-
cialists, lack of programs integrating nutrition and physical activity, lack
of appropriate pharmacological intervention). Specifically, until a
pharmacological option becomes available to target cancer cachexia
from a mechanistic perspective, a collaborative approach by a multi-
disciplinary team is essential to improve the patient’s outcome and QoL.

In clinical practice, HCP intervention is mandatory, as emphasized
by guidelines [4,65,82]. HCPs can manage cancer cachexia by proactive
intervention at first consultation, providing nutritional counselling,
assessing and treating symptoms that affect caloric intake, and sug-
gesting a pharmacological approach. However, a patient/caregiver
empowerment strategy, is necessary. Interventions must be tailored
according to the different phase of treatment (patients in active onco-
logical treatment or in follow-up) and the setting of care (hospital versus
home).

Improve patient identification

To implement malnutrition screening, risk assessment and diagnosis
of cachexia in cancer patients, the following actions should be priori-
tized (Table 1):

1) Increase nutrition education. Expanded programs should be offered
to medical students, as exemplified by the ESPEN’s nutrition edu-
cation in medical schools’ project [83]. HCPs should regularly attend
nutrition training, understand the impact of nutritional status on the
patient’s prognosis, be up-to-date on the most recent recommended
approaches [84] and foster a close collaboration with nutrition
experts.
Establish multidisciplinary teams. Clinical nutrition specialists
should be part of all oncology settings, or at least within the oncology
teams specialized in cancers associated with high nutritional risk (e.
g., gastrointestinal, lung, pancreas, head and neck cancers) [16,24].
If clinical nutrition physicians are absent, the presence of at least one
professional figure fully dedicated to offering nutritional support (i.
e., dietitians or nurses who received specialised training) should be
guaranteed.
3) Immediate referral to nutrition specialists for counselling, regardless
of the malnutrition risk assessment. As stated by the Italian

2

—

Table 1

Gaps and challenges in the risk assessment and diagnosis of cancer cachexia in
the oncological clinical practice, and practical suggestions to optimize guideline
implementation.

Gaps and challenges Practical suggestion

Increase nutrition education and
training for medical students and HCPs
Always include clinical nutrition
specialists in oncology teams managing
cancers types coupled with the highest
nutritional risk

Immediate referral of patients with
cancers types coupled with the highest
nutritional risk to clinical nutrition
experts, even in absence of risk
evaluation

Assess as many GLIM criteria as feasible
Monitor weight loss and BMI
continuously starting from the first
oncology visit

Evaluate CT scans already performed
for diagnostic purposes

Lack of awareness of benefits of early
screening/nutritional risk assessment
Lack of multidisciplinary team

Lack of univocal identification of
malnutrition in cancer patients by GLIM
criteria

Lack of routine assessment of body
composition due to limitations of
imaging techniques




C. Bianchini et al.

Intersociety Working Group practical recommendations [16], certain
subsets of patients (i.e., undergoing specific treatments such as high-
dose chemotherapy, curative chemoradiotherapy on the head and
neck area, major abdominal surgery, or having types of cancers ex-
pected to affect nutritional status) should be directly referred to
clinical nutrition specialists, as cachexia is not easily assessed. This
would enable a thorough counseling, support, and rigorous moni-
toring program, ensuring comprehensive care.

Include as many GLIM criteria and clinical parameters for the diag-
nosis of malnutrition. In the authors’ opinion, this represents the
most pragmatic approach to ensure a precise diagnosis within the
clinical practice.

Monitor weight loss and BMI, which should be tracked from the first
oncology visit, throughout the anti-cancer treatment and during
follow-up. Although they do not perfectly mirror metabolic changes
or muscle loss, they are easy to measure and may flag a nutritional
impairment, prompting more in-depth investigations. Also, there are
evidences that BMI may positively impact patients’ outcomes [85].
Defining a “critical” weight loss (i.e., > 5 % in 1 month or > 10 % in
6 months [86] may be useful to prompt proactive nutritional
measures.

Obtain additional CT scans to determine body composition while
assessing tumour growth. As CT scans are performed routinely for
oncological purposes, inclusion of CT imaging at the third lumbar
vertebra or at the third cervical vertebra as a surrogate represents a
validated method to assess body composition and provides precise
measurements of skeletal muscle and adipose mass [87,88].
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Management of patients in active oncology treatment

While on treatment, the patient is either hospitalized or attends
frequent visits to the hospital, being closely monitored by the oncolo-
gists’ team, which is responsible for detecting early signs of malnutrition
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and escalating to referral and intervention. The patient should be
assessed with the available tools, prioritizing body composition evalu-
ation through additional images, as well as application of feasible GLIM
criteria for early referral. At this stage, early nutritional support is
essential to ensure the treatments’ maximal effect. Physical activity
programs may be put on hold if necessary (Fig. 1).

The oncologist should also consider the expected efficacy of anti-
cancer treatment and overall prognosis, balancing the following factors:

e anticipated risk of toxicities that impact nutritional status (depend-
ing on the primary disease site, presence of baseline dysphagia,
emetogenic chemotherapy foreseen, risk of dysgeusia, etc)

e anticipated timing and extent of disease response

o tight balance, time and logistics constraints

e impact of age and comorbidities

e presence of caregiver.

A broader, holistic view on the multifactorial aetiology of malnu-
trition should be in place especially for head and neck and upper
gastrointestinal cancers, including: trismus, chewing and dental prob-
lems; swallowing impairment; impact of smell and taste alteration.
Behavioral and cognitive interventions focused on nutrition should also
be implemented, as they could improve the nutritional status of patients
receiving anti-cancer treatment [89].

Patients in follow-up

Patients in follow-up after an active anti-cancer treatment are seen
less frequently and are less strictly monitored. As a result, they may feel
isolated and more vulnerable.

In this setting, empowering patients/caregivers is essential to ensure
adequate nutritional support (Fig. 1). Educating patients about cancer
cachexia, its symptoms, and the significance of early detection and

Goal: early and lasting intervention for management of cachexia in cancer patients
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Fig. 1. Holistic approach to cancer cachexia. Increase awareness, multidisciplinarity, early identification, risk assessment and diagnosis, and patient empowerment
are necessary to maximize the assistance to both patients in acute phase of treatment and in follow-up.
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management is crucial. Encouraging patients to actively engage in their
care by setting goals, monitoring progress, and communicating with
their healthcare team is also important. In this light, the “Cancer pa-
tients’ bill of rights to appropriate and prompt nutritional support” and
the guidelines on nutritional pathways in cancer elaborated by Italian
Ministry of Health are examples of the need to raise the attention of
society and institutions about nutritional issues in oncology [90,91].

The value of telemedicine and web-based applications is particularly
elevated for patients in follow-up. In-between the visits, the patient/
caregiver must be able to recognize and communicate early signs of
nutritional decay, changes in physical performance or any other symp-
toms that may cause concern. The continuous monitoring offered by
mobile-based applications would further empower the patient/care-
giver. Telemedicine and web-based applications are valuable tools that
save resources and accelerate the decision-taking process. Their use
should be maximised to improve the interventions that cancer patients
require. Telemedicine has been increasingly applied for medical support
to oncology patients. By providing an effective method for online
patient-clinician communication, telemedicine has also been exploited
for nutritional purposes. Although there are examples of successful
implementation in oncology nutritional care, to date, telemedicine is not
as broadly used as it should be [92,93]. Telematic solutions must be
complementary, and not alternatives, to face-to-face interactions be-
tween patients and clinicians.

Web-based applications are effective and accessible tools that can
support the care of cancer patients [94]. Indeed, they help monitoring
and sharing the patient’s data (weight, BMI, quality and quantity of
consumed food, physical activity, medications, gastrointestinal symp-
toms, etc.) with the clinician in real time. In turn, the clinician can easily
modulate the intervention. The patient may feel encouraged to adhere to
the prescribed interventions by seeing data in real time. Benefits in
terms of body weight and skeletal muscle gain have already been shown
in patients using mobile phone apps to record their daily diet [95]. The
use of electronic narrative diaries allows the patient to document
valuable information that may be missed when using mobile phone
apps, which often have limited features.

The personalized listening can be strengthened by the introduction
of narrative medicine [96], which enriches the point of view expressed
in a standardized manner, favoring a person-centered approach rather
than a disease-centered one. The development of digital technologies
represents an opportunity for the diffusion of narrative medicine in
clinical practice, facilitating sharing subjective needs and demands. The
digital platform DNMLAB developed by an innovative non-profit start-
up (DNM srl, Rome, Italy) is designed to help implement narrative
medicine in clinical practice. This method can provide support to pa-
tients in the production of narratives and assist HCPs in interpretating
them [96].

This way of capturing patients’ needs both in the active therapeutic
phase and during follow-up, can help to better follow the pathway be-
tween patient and clinician.

Conclusions

An application of standardized treatments for cancer cachexia
management in clinical practice remains elusive. Apart from the paucity
of resources and economic investments dedicated to oncology nutrition
services, insufficient awareness, scarce clinical trials with adequate
endpoints addressing the effects of nutrition, physical activity and/or
pharmacological intervention, and the absence of a coordinated multi-
disciplinary collaboration are main obstacles to properly implement
guidelines.

Early referral should be pursued for certain categories of patients,
even if appropriate screening has not been conducted. Practical tools in
follow-up should increase patient/or caregiver empowerment. These
preliminary steps prepare the patient for any future pharmacological
treatment and maximise its therapeutic effects. Properly tailored
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measures, aligned with the patient’s treatment phase and care, can
prevent refractory cachexia and significantly improve outcomes, well-
being, and survival.
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