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Preface

This special issue highlights research that spans the breadth from diagnosis through treatment,
and beyond, addressing improvements in assessment and ways to address the nutritional challenges
faced by patients with a cancer diagnosis. Importantly, emerging research for interventions to

circumvent malnutrition in this complex disease are presented.

Vera Mazurak
Editor
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Abstract: Nuroendocrine neoplasms (NENs) are a group of rare neoplasms originating from
dispersed neuroendocrine cells, mainly of the digestive and respiratory tract, showing characteristic
histology and immunoprofile contributing to classification of NENs. Some NENs have the ability
to produce biogenic amines and peptide hormones, which may be associated with clinical
syndromes like, e.g., the carcinoid syndrome caused by unmetabolized overproduced serotonin,
hypoglycemic syndrome in case of insulinoma, or Zollinger-Ellison syndrome accompanying
gastrinoma. Diagnostics for these include ultrasound with endoscopic ultrasound (EUS), computed
tomography (CT), magnetic resonance imaging (MRI), and positron-emission tomography/computed
tomography (PET/CT). Different nuclear medicine procedures can also be used, like somatostatin
analogues scintigraphy (SRS) and 68Ga-Dota-Peptide PET/CT, as well as biochemical methods
to determine the level of general neuroendocrine markers, such as chromogranin A (CgA),
5-hydroxyindolacetic acid (5-HIAA), synaptopfysin and cell type-specific peptide hormones, and
neurotransmitters like gastrin, insulin, serotonin, and histamine. NENs influence the whole organism
by modulating metabolism. The treatment options for neuroendocrine neoplasms include surgery,
somatostatin analogue therapy, radionuclide therapy, chemotherapy, molecular targeted therapies,
alpha-interferon therapy, and inhibitors of serotonin production. In the case of hypersensitivity
to biogenic amines, a diet that limits the main sources of amines should be used. The symptoms
are usually connected with histamine, tyramine and putrescine. Exogenic sources of histamine are
products that take a long time to mature and ferment. Patients with a genetic insufficiency of the
diamine oxidase enzyme (DAO), and those that take medicine belonging to the group of monoamine
oxidases (MAO), are particularly susceptible to the negative effects of amines. Diet plays an important
role in the initiation, promotion, and progression of cancers. As a result of the illness, the consumption
of some nutrients can be reduced, leading to nutritional deficiencies and resulting in malnutrition.
Changes in metabolism may lead to cachexia in some patients suffering from NENs. The aim of this
narrative review was to advance the knowledge in this area, and to determine possibilities related
to dietary support. The authors also paid attention to role of biogenic amines in the treatment of
patients with NENs. We can use this information to better understand nutritional issues faced by
patients with gastroenteropancreatic neuroendocrine neoplasms (GEP-NENSs), and to help inform the
development of screening tools and clinical practice guidelines.

Keywords: gastroenteropancreatic neuroendocrine neoplasms (GEP-NENSs); neuroendocrine
neoplasms (NEN); neuroendocrine tumors; biogenic amines; nutrition; therapy

Nutrients 2020, 12, 1437; d0i:10.3390/mu12051437 1 www.mdpi.com/journal/nutrients



Nutrients 2020, 12, 1437

1. Introduction

Neuroendocrine neoplasms (NENSs) are a heterogenic group of tumors originating from the
endocrine glands (adrenal glands, pituitary gland, parathyroid glands), endocrine cells within gland
tissues (pancreas, thyroid), or dispersed endocrine cells of the digestive and respiratory tracts [1].
The term neuroendocrine neoplasm is a general term which includes a group of well-differentiated
neoplasms called neuroendocrine tumors (NETs), and a group of poorly differentiated forms called
neuroendocrine cancers (NECs) [2].

The characteristic feature of some NENSs is the ability to produce, store and secrete biogenic
amines and peptide hormones, such as insulin, gastrin, vasoactive intestinal peptide, glucagon,
or somatostatin [3-9].

Epidemiological NEN data show the incidence rate is about 5.6/100.000 per year [6].
NENSs originating in the digestive system are called gastro-entero-pancreatic neuroendocrine
neoplasms and represent 62-67% of NENs [7]. Small bowel NENs are the most common type
of gastroenteropancreatic neuroendocrine neoplasms (GEP-NENSs) originating from midgut and
constituting about 38% of all GEP-NENSs [10,11].

The occurrence of tumors within the small intestine, particularly the ileum, is estimated at about
2.8 to 8 cases per 1 million people each year. The incidence of neuroendocrine neoplasms of the
duodenum is about 0.1 cases per 100,000 people, whereas, for the colon and the rectum, the values are
respectively 7.8% and 13.7% of all NENs. The occurrence of stomach NEN does not exceed 2 cases
per 100,000 people, whereas the value for the pancreas is about 4 to 12 cases per 1 million people
per year [12].

NENSs can originate everywhere in the body, not only in the gastrointestinal tract, pancreas,
and lungs, but also in less frequent sites, such as the thymus, central nervous system, thyroid, skin,
breast, and urogenital system [2]. The main location of NENSs near the ileocecal valve often results in
liver metastasis, which worsens the prognosis; the 10-year survivability decreases from 60% to 15-25%.
The 5-year survivability of small intestine NETs is 73.8% in the case of local changes, but only 43.2%
if distant metastasis occurs [12]. Moreover, malnutrition influences quality of life but also reduces
tolerance to anti-cancer therapy and reduces survival in patients with cancer [13]. Currently, nutritional
and vitamin status is a neglected area in patients with GEP-NENs [14]. Clinical practice guidelines and
consensus guidelines for GEP-NENs with regards to best practice for diagnosis, treatment, and medical
management are available, but the supportive care needs and optimal nutritional management of
patients affected by these unique tumors remain under-researched [15]. The aim of this narrative review
was to broaden and systematize knowledge in this area, determine the possibilities for dietary support
and draw attention to the need for an anti-cancer diet rich in plant products and fiber. The aim was also
to reduce along with the need to reduce at the same time for patients suffering from persistent diarrhea.

The authors paid attention to the role of alimentary biogenic amines in the genesis of general
symptoms in the group of NENs patients, especially in those experiencing hypersensitivity to biogenic
amines, and also focused on the different nutritional needs according to the severity of the disease and
the patient’s nutritional status.

We hope that our manuscript will contribute to the development of screening tools and clinical
practice guidelines.

1.1. NEN Diagnostics

NEN diagnostics should include: biochemical measurements, imaging diagnostics and
histopathological examination, which are crucial to diagnose and classify NEN.

For many years, the measurement of serotonin metabolites such as 5-hydroxyindoleacetic acid
(5-HIAA) in 24 h urine collection was sufficient for most purposes, and has been considered the best
method in laboratory diagnostics for functioning NENs with carcinoid syndrome [16]. Unfortunately,
this method has limitations, and the consumption of pineapples, bananas, eggplant, the common
walnut, paracetamol, caffeine, and naproxen can lead to false positive results, while, on the other
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hand, in patients treated with acetylsalicylic acid, adrenocorticotropin, levodopa and phenothiazine
derivatives, false negative results can occur. There is a possibility of including the serum, platelet and
urine serotonin concentrations as well.

A significant NEN diagnostic method is measuring chromogranins, particularly chromogranins
A and B, which are proteins created and secreted by neuroendocrine tissues, fulfilling the role of
non-specific NEN markers [17]. Chromogranin A is associated with the size of the tumor and allows
for a better evaluation (in comparison to 5-HIAA) of recurrence in patients with a diagnosed NEN.
It has been demonstrated that CgA levels in the plasma correlate with the load of the tumor and predict
the survivability of patients with small intestine NENs. However, there is no correlation between
the CgA plasma and the weight of the tumor, or the survivability of colorectal NENs [18], whereas
high mRNA-binding protein 3 (IMP3) expression levels were determined to be associated with a high
disease stage in patients with GEP-NENSs [19].

In imaging diagnostics, somatostatin receptor scintigraphy (SRS) can still be considered [20].
The main factors that support this method include the fact that the dominating subtypes of the receptor
on the GEP-NEN cells, SSR2 (somatostatin receptor type 2) and SSR5 (somatostatin receptor type 5),
are the main point of uptake of the activity of octreotide (somatostatin analogue), and the presence of
somatostatin receptors on the surface of 80-90% of GEP-NEN cells. SRS provides information on the
location of the tumor as well as the degree of its development, and it allows the response to treatment
with somatostatin analogues to be determined [20-22].

Because of greater diagnostic accuracy and lower radiation dose in an increasing number of
centers, PET/CT with 68Ga-labeled somatostatin analogues has replaced SRS [22]. Other methods,
such as ultrasound, colonoscopy, gastroscopy, endosonography, computed tomography (CT), magnetic
resonance imaging (MRI), and various kinds of positron emission tomography (PET/CT) like
F-FDG_PET/CT or the before mentioned 68Ga-DOTA-Peptide PET/CT, are available and useful
for the localization of NENSs, as well as for staging [23-25].

According to World Health Organization (WHO) 2017, based on WHO 2010 and European
Neuroendocrine Tumor Society (ENETS) classifications that are crucial for the diagnosis of NENs,
the histopathological examination should be supplemented with immunohistochemistry, which is based
on Ki67 expression and allows for the division of NENs into three main groups of well differentiated
tumors: NET G1 (low grade) with Ki67 < 2%, NET G2 with Ki67 3-20% (intermediate grade), and NET
G3 with Ki67 > 20% (high grade). Additionally, analysis of the morphology of the NEN cells is essential,
in separate wells, for poorly differentiated NENs. Poorly differentiated NENs with Ki67 > 20% are
called neuroendocrine cancers (NECs), among which we distinguish large-cell NECs (LC-NECs) and
small-cell NECs (SL-NECs), usually with Ki67 > 55%. These classifications are not valid for extra
GEP-NENSs [25-28].

1.2. Types of Hormonally Active Neuroendocrine Neoplasms (NENs)

The clinical symptoms of neuroendocrine neoplasms of the digestive tract depend on the
location of the tumor’s primary site, and the amount of secreted peptide hormones and biogenic
amines [8]. The most frequent initial symptom in patients with small intestinal NENs (siNENs) is
abdominal pain resembling irritable bowel syndrome, but the great majority of GEP-NEN patients
present symptoms characteristic of advanced cancer, such as anorexia, weight loss and fatigue;
less than 5% of NETs are connected with a hormonal syndrome [24-27]. In hormonally active tumors,
symptoms include hypoglycemic syndrome, carcinoid syndrome, Zollinger-Ellison syndrome, watery
diarrhea-hypokalemia-achlorhydria syndrome (WDHA), and glucagonoma [28].

Presented below are classifications of NENs made on the basis of secreted substances; this is valid
only for functioning forms that represent a minority of NENSs.

A carcinoid is a hormonally active tumor originating from the central section of the digestive
tract, characterized by the possible release of serotonin and other biologically active substances
(kinin, tachykinin, dopamine, histamine, and prostaglandin) into the system’s circulation, causing
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symptoms characteristic of carcinoid syndrome with accompanying liver metastases [29,30]. Carcinoid
syndrome affects 4-10% of patients with small intestine NET location. The symptoms are present when
liver metastasis occurs, and the produced serotonin, un-metabolized by hepatocytes, permeates directly
into circulation. According to ENETS Consensus Guidelines Update 2016, carcinoid syndrome could
be present in 20-30% of patients with metastases [26,31]. The slow growth of the tumor contributes to
delayed diagnosis due to an asymptomatic course for many years. Carcinoid syndrome may manifest
through explosive and watery diarrhea, present up to 30 times a day, which occurs for about 80% of
carcinoid patients. The second most common symptom is paroxysmal skin flushes, from salmon-colored
up to dark red, which affects about 85% of patients and usually occurs in the upper parts of the
body (face, neck or chest). Common triggers include tyramine-containing foods (bananas, chocolate,
blue cheese, red wine), alcohol, and stress. Carcinoid syndrome can be related to other symptoms:
stomach aches, dizziness, telangiectasia, pellagra, tiredness, and sometimes the impairment of cognitive
functions [32]. Hedinger syndrome occurs in over half of patients with carcinoid syndrome and can be
the main cause of death due to right-side heart failure because of morphological changes and mechanical
damage to the right heart valve apparatus due to un-metabolized serotonin [33,34]. For this reason,
every patient with carcinoid syndrome requires cardiology consultation with echocardiography [26].

Insulinoma, originating from  cells, is the most frequent hormonally active pancreas NET,
overproducing insulin and leading to hypoglycemia and hypoglycemic syndrome. The symptoms
of hypoglycemia occur suddenly and paroxysmally in the morning due to significant fasting and
after intense physical activity; they are accompanied by sweating, paleness, restlessness, shivering,
palpitations, and hypersalivation [35]. The next stage of hypoglycemia includes psychomotor and
concentration disorders, resulting in the loss of consciousness. Typical for insulinoma is a significant
gain of body mass, mainly due to strong hunger caused by hypoglycemia, resulting in excessive caloric
intake [34,35].

Gastrinoma is a gastrin-producing NET usually located in the pancreas or the front wall of the
duodenum. In about 60% of patients, the tumor is malignant, resulting in metastasis, most often to the
nearby lymph nodes and the liver [36,37]. Gastrin overproduction leads to overgrowth of parietal cells
and increased secretion of stomach acid, causing stomach and duodenum ulceration. Furthermore,
it deactivates pancreas enzymes, resulting in incorrect fat absorption and causing diarrhea. Severe
ulcer disease combined with diarrhea in gastrinoma patients is known as Zollinger-Ellison syndrome
(ZES). ZES patients typically suffer from stomach pain, vitamin B, absorption disorders, a loss of body
mass, colic, and kidney stones [36,37].

VIPoma is a NET producing vasoactive intestinal peptide (VIP). VIP is a neurohormone released
by the central nervous system, intestines, pancreas, the respiratory tract, and the urogenital tract.
VIP regulates the activity of smooth muscles, dilates blood vessels, and is responsible for water
and electrolyte secretion by the digestive tract and inhibition of stomach acid secretion. Typically,
the symptoms of excessive VIP secretion include watery diarrhea, hypoglycemia, achlorhydria,
sometimes hypercalcemia or hypophosphatemia, and metabolic acidosis. The diarrhea volume usually
exceeds 700 mL/24 h, and in 70% of cases can reach 3000 mL a day. Patients describe it as odorless,
with a tea-like color. VIPoma can be connected with symptoms like lethargy, nausea, vomiting,
and the weakening of muscles, as well as contractions that occur as a result of dehydration and
hypoglycemia [34,38].

Glucagonoma originates from the « cells of pancreatic islets, which produce glucagon [39].
Its clinical image includes symptoms such as necrolytic migratory erythema (NME) (82%), usually
located in the area of the lips and sexual organs, diabetes (80%), body mass loss (90%), a low level of zinc,
niacin deficiency, abdominal pain, diarrhea, normochromic normocytic anemia (61%), and episodes
of glossitis. Patients have thinning hair and dystrophic nails. Glucose intolerance in glucagonoma
syndrome usually occurs proportionally to the size of the tumor. The concentration of glucagon in the
plasma when fasting is higher in the group of patients with liver metastasis than in patients without
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accompanying metastasis. Liver metastasis reduces the ability of the liver to metabolize glucagon,
increasing its concentration in peripheral blood [40].

Somatostatinoma originates from the cells of pancreatic islets which produce somatostatin.
Somatostatin is an inhibitor of numerous secretory hormones, such as insulin, glucagon, gastrin,
secretin, and motilin. Apart from strong inhibition, it has a direct influence on many target organs.
It influences the activity of the intestines in terms of the absorption of nutrients, mainly fats and
calcium. By stimulating prostaglandins, it slows down the secretion of stomach acid. The dominating
illnesses in the clinical image of somatostatinoma are gallbladder stones, fat stools, body mass loss,
and mild diabetes, which form somatostatinoma syndrome [34]. The most common location for the
metastasis of this tumor is the liver, then lymph nodes and, lastly, the bones. The total removal of the
tumor is usually very effective in the therapy of this illness [41,42]. It is worth mentioning that the
presence of pancreatic neuroendocrine tumors (pNET) can occur as a part of inherited syndromes like
multiple endocrine neoplasia type I (MEN 1), which could be responsible for 20-30% of gastrinomas,
<5% of insulinomas, and rarely functional pNETs. Uncommon causes of pNETs include other inherited
syndromes like von Hippel Lindau disease (VHL), neurofibromatosis type 1 and tuberous sclerosis [43].

2. The Treatment of Neuroendocrine Neoplasms

The treatment of choice is a surgical intervention with the curative or palliative aim, depending
on the location and histopathology of the tumor. To qualify for surgery, patients have to be in generally
good condition, with a tumor limited only to the primary site and the nearby lymph nodes. Patients
with potentially resectable liver metastasis also qualify for the intervention [44,45]. Unfortunately,
due to the presence of late clinical symptoms, NENSs are usually diagnosed at advanced stages of the
illness. This is why, in most cases, it is impossible to fully eliminate the changes [22].

Somatostatin analogues (SSAs) are an important part of NEN therapy and can be administered
in neuroendocrine neoplasms (long-acting SSAs) as well as in a carcinoid crisis (short-acting SSAs).
In treatment, we can use two types of SSA: octreotide and lanreotide. SSAs inhibit the secretion of many
hormones, fulfill immunological, cytotoxic and cytostatic functions, and in specific conditions they can
also be apoptotic through their direct influence on the somatostatin of tumor cells receptors (SSTR).
In an indirect way, they lead to the inhibition of tumor mass factors, the proliferation of lymphocytes,
and immunoglobulin synthesis. From an oncological point of view, the anti-proliferating effect of
somatostatin analogues is the most important aspect, as it slows down the development of the illness and
reduces the size of the tumor. It influences the digestive system in a multi-directional manner, slowing
down the blood flow of visceral vessels as well as intestinal motility and transport. Most importantly,
it inhibits the secretion of pancreatic and intestinal hormones. SSAs play a particularly important
function in patients with hormonally active GEP-NENSs. After they are administered, the symptoms
associated with excessive secretion of biogenic substances are alleviated, improving the quality of
life [44-47]. In the PROMID study, it was proven that long-acting repeatable octreotide acetate (octrotide
LAR) significantly lengthens the time of tumor progression in patients with functionally active and
inactive metastatic midgut NETs, and, a few years later, in the CLARINET study, it was shown that
lanreotide therapy was associated with significantly prolonged progression-free survival (PFS) among
patients with metastatic NETs of grade 1 or 2, with Ki-67 < 10% [48,49]. In the TELECAST study, it was
proven that in patients with carcinoid syndrome not adequately controlled by SSA therapy, telotristat
etiprate, an inhibitor of tryptophan hydroxylase, can be used to limit the synthesis of serotonin [50].

In patients in an advanced stage of the disease, as well as in those with relapses after primary
therapy and who did not undergo full surgical treatment, other types of therapy, like peptide receptor
radionuclide therapy (PRRT), Tyrosine Kinase Inhibitor (TKI), mTOR inhibitors, or chemotherapy, can
still be used [24].

PRRT is another type of GEP-NEN treatment based on “a combination of somatostatin analogues
with yttrium or lutetium isotopes, and the cytotoxic factor is the ionizing radiation of the isotope” [51].
Radionuclide therapy seems to be a good method when patients intensely accumulate the marker
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at each neoplasm site of a small size, which can be used to achieve total remission, or at least a
reduction in the neoplasm’s mass [52]. In the presence of liver metastases by GEP-NEN, as a form of
palliative treatment, radiofrequency ablation (RFA), trans-arterial embolization (TAE), and trans-arterial
chemoembolization (TACE) can be offered [53].

Multi-target tyrosine kinase inhibitors (MTKIs), such as axitinib, cabozantinib, famitinib, lenvatinib,
nintedanib, pazopanib, sorafenib and sulfatinib, represent a new approach to NEN treatment [54].
Sunitinib malate has been approved by regulatory agencies for pancreatic NENs [55]. Sunitynib
is an oral multi-targeted inhibitor of various receptor tyrosine kinases that leads to a decrease in
angiogenesis, growth, proliferation, and metastatic spread [56].

According to the RADIANT-3 and RADIANT-4 studies, the mTOR inhibitor ewerolimus has an
established place in the therapy of advanced and progressive pancreatic NETs and non-functional lung
and gastrointestinal NETs [57,58].

When metastasis is present or in case of disease progression in patients with NETs chemotherapy
can be used. Capacitabine and Temozolemide (CAPTEM) shows significant activity in patients with
metastatic well-differentiated pancreatic NETs [59]. At the same time, CAPTEM presents significant
activity in patients with metastatic grades 2 and 3 pancreatic and non-pancreatic NETs with manageable
toxicity. Systemic combined chemotherapy like cisplatin + etoposide, streptozocine + 5-fluorouracil,
streptozocin + doxorubicin, leucovorin + 5-fluorouracil + oxaliplatin (FOLFOX) or leucovorin +
5-flurouracil + irinotecan (FOLFIRI) has been designed to treat NEC patients according to primary
tumor localization [60,61].

In the randomized clinical trials (RCT) of neuroendocrine tumors, 22 different therapy strategies
were compared, stating that there are a number of effective therapies with different safety profiles
available to patients, suggesting an overall superiority of combination therapies [62]. For patients with
advanced NETs as a best second- and third-line treatment, respectively, to progression-free survival
(PFS), PRRT, SSA + bevacizumab, and SSA + interferonalfa should be considered [63].

In the absence of an optimal treatment strategy, other methods should be found. There are several
future potential NEN therapies, such as immunotherapy (programmed death ligand 1, cytotoxic
T-lymphocyte antigen-4 blockers) and somatostatin-dopamine multi-receptor chimeras [64].

3. The State and Method of Nutrition with Reference to the Risk of Cancer

Epidemiological studies strongly suggest that BMI and especially visceral fat accumulation,
decreased physical activity, and unhealthy diets are key elements in the pathogenesis and prognosis
of many common cancers. The phenomenon known as “the obesity paradox” suggests a potentially
protective effect in patients with overweight or slight obesity, increasing their survivability after
diagnosing a neoplastic disease. [65].

The accumulation of multiple DNA mutations in critical genes (oncogenes or tumor suppressor
genes) of particular cells, if not properly controlled through the induction of senescence or apoptosis, can
lead to uncontrolled cell proliferation and the progressive transformation of cells into highly malignant
tumor cells [66]. Calorie restrictions without malnutrition are the most potent and reproducible
physiological intervention for increasing lifespan and protecting against cancer [67].

Not many nutrients have a cause and effect relation with cancer, some of them include: fried,
smoked or roasted red meat, food contaminated with aflatoxin, preserved salty meals, excessive alcohol
consumption [67,68]. The risk of cancer can also be reduced by introducing a diet rich in plant food
(e.g., vegetables, beans, fruit and wholegrain products) and by limiting the consumption of animal fat,
meat and fatty dairy products [68].

One such diet is the Mediterranean diet (MD), which could influence the reduction of the
aggressiveness of different tumor types and tumor size [16,69]. The diet plays an important role in the
initiation, promotion, and progression of cancers [70]. Vegetables and fruits are important sources of a
wide variety of micronutrients and other bioactive compounds, including antioxidants, vitamins, folates,
carotenoids, glucosinolates, indoles, isothiocyanates, protease inhibitors, and phytochemicals, such as
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lycopene, phenolic compounds, and flavonoids, which have been demonstrated to exhibit anticancer
properties [70,71]. All these compounds may act against cancer through different mechanisms,
including their antioxidant, anti-mutagenic, and anti-proliferative properties. Furthermore, there is a
connection between obesity and the increased risk of endometrium, breast, colon, esophagus, kidney,
pancreas, gallbladder or liver cancers [72]. Obesity and an excess of fat tissue resulting from a chronic
energy imbalance are associated with the increased risk of oxidative stress. Consequently, there are
disorders of lipid and carbohydrate metabolism, insulin resistance, systemic inflammation, changes
in hormone levels and growth factor concentrations which have a key role in the pathogenesis of
many neoplasms.

3.1. Dietary Recommendations for NEN Patients

Nutrition care plans are an integral part of the multidisciplinary management of patients with
NETs. Nutritionists with expertise in NETs can provide dietary approaches to improve the quality of
life and nutritional status during therapeutic modalities used for patients with NETs and particular
in palliative care [73]. Unfortunately, there are not enough registered physicians and dieticians who
have expertise in the nutritional management of NETs [74]. Factors such as unhealthy diets, tobacco,
alcoholism, infections and occupational exposures contribute to the formation of neoplasms [75].
The need for consistent dietary guidelines for NEN patients and collaboration with nutritionists in
multidisciplinary healthcare teams in NET management have been emphasized by other authors [69-76].
Recommendations for a healthy diet are based on the 2015-2020 Dietary Guidelines Advisory Committee
for patients with newly diagnosed asymptomatic NETs [77]. Therefore, a diet with five servings of
vegetables and fruits, including legumes and with meat restrictions, will be the best solution for
newly diagnosed and asymptomatic patients [78,79]. However, the diet will depend on the symptoms
of each patient, the stage of the disease, the type of therapeutic management, and the individual’s
nutritional status. The best diet for a NEN patient is, therefore, an individualized diet. Moroever, dietary
recommendations in neuroendocrine neoplasms should take into account the excessive production of
hormones, the source of which could be endogenous or exogenous. Furthermore, an excess of biogenic
amines in the body often leads to the occurrence of specific symptoms, such as diarrhea, nausea,
vomiting, and metabolic disorders in the form of hypoglycemia and hyperglycemia, contributing to
malnutrition and the general weakening of the patient [80-82].

3.2. The Causes of Diarrhea in NEN Patients and Dietetic Modifications

The presence of diarrhea in NEN patients may result from various factors, including the metabolism
of hormonally active NEN, biogenic amines, drugs and niacin deficiency.

Diarrhea occurs independently of the consumed meal. It can occur after the meal, especially
after the consumption of large amounts and fatty products, but it can also occur after fasting and
at night. In the case of some neoplasms (somatostatinoma and, less often, gastrinoma), diarrhea is
associated with impaired digestion or the absorption of fatty acids in the digestive tract. Lastly, diarrhea
can be caused by surgical intervention in the area of the intestine, which leads to a direct loss of
absorbency [41,42,83].

Biogenic amines are nitrogen compounds that are present in products in two forms: naturally,
due to synthesis by plants, animals and microorganisms, or as an additive during production,
in the form of preservatives [84]. Their synthesis occurs as a result of the breakdown of peptides and
proteins. They then undergo further transformations, creating new, different amines. Physiologically,
they participate in numerous processes; they are a source of nitrogen and they are precursors of the
synthesis of hormones, nucleic acids, and proteins [85]. The synthesis of amines in food depends on
the availability of appropriate amino acids and bacteria, as well as on the environmental conditions,
which determine the correct activity of enzymes and bacterial growth. Their activity is observed in
numerous food products, including drinks. Figure 1 shows products that include significant amounts
of amines, as well as products that should be eliminated from the diet with some GEP-NENSs [86,87].
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Figure 1. Presence of amines in food products.

The most frequent causes of symptoms are histamine, tyramine and putrescine. Patients with
a genetic deficiency in diamine oxidase (DAO), as well as those that take medicine belonging to the
group of monoamine oxidases, are particularly susceptible to the negative effects of amines [85,86].
Histamine is formed from histidine with the co-participation of histidine decarboxylase enzyme [87].
Mastocytes, basophils, and enterochromatophilic cells of the digestive tract are the most significant cells
that produce endogenic histamine. They have the ability to store this amine in cytoplasmic granulation
and, in the subsequent stage, to release the amine into blood circulation through immunological and
non-immunological stimuli. Histamine metabolism proceeds in two ways [88]. The first features
methylation into N-methylhistamine via N-methyltransferase (HNMT). Thanks to this enzyme,
histamine can be metabolized only intracellularly. The second method is oxidation into imidazoleacetic
acid thanks to the activity of diamine oxidase (DAO). Disease of the digestive tract, as well as the activity
of alcohol and some medicines, can be the cause of a secondary shortage of DAO. The role of histamine is
mainly based on the extracellular metabolism of the described biogenic amine, so it is reduced after the
consumption of products that are a rich source of histamine. Exogenic sources of histamine are products
that take a long time to mature and ferment, such as baker’s yeast, red and white wine, beer, champagne,
kefir, blue cheese, cheese spread, yellow cheese, prosciutto, salami, highly processed cold meat, smoked
fish, avocado, spinach, eggplant, sauerkraut, ketchup, and various spices and herbs [83,84,89,90].
Tyramine can be the cause of reddening, which is one of the most common clinical carcinoid symptoms.
It is an aromatic monoamine whose systematic name is 4-hydroxy-phenethylamine. Numerous studies
have demonstrated that tyramine is the most common biogenic amine in cheese. It is found in the
highest content in veined blue cheese, such as gorgonzola or roquefort. The amount varies in specific
parts of the cheese, with the highest content in the external part. The primary producers of tyramine in
cheeses are Gram-positive bacteria, such as Lactobacillus, Enterococcus, Leuconostoc, Lactococcus and
Carnobacterium [88,89]. Moreover, it is also common in fermented foods, such as soy sauce, shrimp
spread, marmite, eggplant, spinach, sauerkraut, sausages, ham, smoked fish, anchovies, sardines, beer,
wine, and chocolate. The characteristic term associated with tyramine poisoning is the “cheese effect”,
which is highlighted by a hypertensive crisis in blood pressure. There have been numerous cases of



Nutrients 2020, 12, 1437

death resulting from myocardial infarction or stroke as a consequence of consuming food products
with significant amounts of tyramine [89].

Out of all of the symptoms of GEP-NENSs, the most common are skin reddening and diarrhea,
the latter of which leads to dehydration and electrolyte disturbances [2,5,90,91]. They appear as a result
of the promotion via the secretion of hormones, peptides, and amines, and the excessive secretion
of liquids to the intestinal mucosa [91,92]. Dietary treatment recommended avoiding hot, seasoned,
fatty and overly large meals when suffering with diarrhea. One should consume meals that include
proteins, mainly lean products of meat, poultry, curd cheese, eggs, and yoghurt. As a source of
carbohydrates, starch products such as rice and finely ground oats are recommended. Simple sugars
(glucose and fructose) should be eliminated from the diet because they strengthen fermentation
processes. It is recommended to exclude lactose and saccharose for a few days. The following products
are rich in the aforementioned sugars: jams, honey, candy, and apple and grape juice (which should
be particularly avoided). Vegetables should be mild. They should not cause excessive production of
flatulence and are best served shredded and boiled. The best are those with high amounts of pectin,
such as pumpkin and carrots, and when it comes to fruit, the best ones are apples and bananas.
Meals should be served with plant fats to strengthen the energy properties of the diet and reduce
the glycemic index. It is also crucial to supply liquids (potassium water in particular) to avoid
dehydration. It is recommended to consume two liters per day [93,94]. One should eliminate liquids
that include caffeine and strong tea because they do not hydrate well enough and they are rich in
biogenic amines [95,96]. There are only a few references to the use of enteral nutrition in the clinical
guidelines of patient management with oncology treatment-related diarrhea. Although no data is
available for patients with NENSs, it appears that the inclusion of oligomeric enteral nutrition formula in
patients with diarrhea and malnutrition may be justified [97]. The essential element will be to determine
the functional capacity of the patient’s intestine and nutritional status. Therefore, nutrition in this case
may be based on typical dietary recommendations, through supplementation with oral oligomeric
enteral nutrition [98] along with full enteral nutrition with oligomeric formula, up to potentially
complete parenteral nutrition [99]. When it comes to the share of dietary supplements, products with
high osmolality should be avoided [100], and supplements could even be included in cases of severe
diarrhea or severe malnutrition [101]. It is important to be cautious when using nutraceuticals or
other dietary supplements because of the possibility of disrupting chemotherapy. However, due to the
deficits observed in these patients, it is important to conduct chemotherapy [66,102,103].

3.3. Procedures to Follow in the Case of Constipation in NEN Patients

In some cases, constipation can appear in NEN patients. It is usually accompanied by abdominal
distension and flatulence [104]. The main cause is the ileus, or a side effect of the applied pharmacological
therapy. The excessive secretion of catecholamines by the tumor can reduce the peristaltic activity
of the digestive tract, leading to chronic constipation [34]. The undertaken nutritional intervention
should cover the increased supply of liquids in the form of mineral water, juice, and chamomile or
fennel tea. It is recommended to consume products with high amounts of insoluble dietary fiber
such as Graham bread, bran bread, thick groats, or oatmeal. Inulin in particular has properties
that support the struggle with constipation [105]. It has also been found that the low fermentable
oligosaccharides, disaccharides, monosaccharides, and polyols (FODMAP) formula improves diarrhea
and nutritional status in hospitalized patients [106]. Cruciferous and bulbous vegetables are not
recommended due to causing excessive flatulence [85]. Moreover, in patients with chronic constipation,
dysbiosis is observed in the area of the small intestine, with Clostridium and Enterobacteriaceae as
the dominating bacteria. This is why it is so important to include probiotic bacteria that produce
short-chain fatty acids (Lactobacillus and Bifidobacterium) in order to reduce the pH of the intestine,
to stimulate intestinal motility and to accelerate the transit of stool [106,107]. Regular physical activity
is also beneficial [65,66]. For a better understanding of the individual nutritional approach to the
patient with NEN, considerations are presented in Table 1A.



Nutrients 2020, 12, 1437

3.4. Nutrition that Takes into Account the Hormone Activity of NEN

When analyzing all nutritional aspects, it is also important to consider the hormone activity of
NEN, which has an influence on metabolic changes in patients.

As a result of the excessive production of insulin, there is a reduction in the level of glucose,
which can, in serious cases, be the cause of death. The aim of dietetic therapy is to prevent long fasting
between meals via the frequent consumption of small portions of food during the day and at night.
A high-protein diet is also important as glucose can be metabolized by the organism for a longer period
of time, and its secretion to the circulation is slower. Thanks to that, the risk of secondary hypoglycemia
decreases, and the increase in body mass, which is characteristic of insulinoma, is unnoticeable.
Products with a low glycemic index and complex carbohydrates maintain the level of glucose at
a stable level, preventing post-meal hypoglycemia. When the level of glucose in the blood decreases,
it is important to immediately supply carbohydrates with a high glycemic index like fruit juice, because
they are quickly absorbed [39-41].

The reverse effect, hyperglycemia, usually develops secondarily, most often in patients predisposed
to diabetes. In the case of NEN, hyperglycemia develops due to the direct influence of the tumor
mass on the pancreas, reducing the amount of insulin, as a result of surgical treatment, and also due
to pharmacological treatment with a somatostatin analogue (SSA). This effect of treatment with a
somatostatin analogue may be caused by impaired fasting glucose (IFG), impaired glucose tolerance
(IGT), and diabetes mellitus (DM). These patients should have a healthy, balanced diet, based on
products with a low glycemic index. Food products should be combined with fats, which will help
keep glucose levels constant. High consumption of fiber should also be considered [15,96].

Another issue that has to be taken into account is the common niacin deficiency and risk of
pellagra, which occurs in patients with carcinoid syndrome [108]. Vitamin B3 deficiency results from
the increase of the metabolism of tryptophan into serotonin (Figure 2).

L-tryptophan
— N-formylkynurenine
tryptophan
hydroxylase formamidase
decarboxylase
of aromatic amino
acids
serotonin kynurenine
l non-enzymatic cyclisation
v
N-acetyl-5-HT quinolinate
5-hydroxyindole- l l
O- v
methyltransfer .
melatonin

niacin
Figure 2. Transformation of tryptophan.

The deficiency leads to skin inflammation, diarrhea and mental disturbance, which can lead to
death in severe cases if left untreated [109]. The skin becomes rough, fractures easily, and discoloring
occurs. The most noticeable changes are to the face, neck and hands. Patients should be supplied
with food rich in this vitamin, such as liver, fish, meat, yeast, wheat bran and the seeds of leguminous
plants. In smaller amounts, niacin is also found in fruit and vegetables, bakery products, and milk [57].
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When the patient is unable to cover their needs through consumed food, supplementation of this
vitamin should be taken into consideration, supplying from 25 to 50 mg/day [16].

The disorders of digestion and/or the absorption of fatty acids that cause fatty diarrhea may be
the result of gastrinoma or—less frequently—somatostatinoma. This is why it is important to reduce
the supply of fats in the diets or to propose a substitution of pancreatic enzymes [110]. For a better
understanding of the individual nutritional approach to the patient with NEN, considerations are
presented in Table 1B.

3.5. A Diet for NEN Patients under the Risk of Malnutrition andfor Cachexia

Two studies have indicated that as many as one in four NET patients are malnourished, as
assessed using the Malnutrition Universal Screening Tool and Subjective Global Assessment (SGA)
tool [111]. Screening for malnutrition should be a part of routine care in every GEP-NEN patient [98].
Malnutrition has substantial negative consequences for cancer patients including increased mortality,
poorer quality of life, and increased health care costs [112]. Malnutrition, which leads to the devastation
of the body;, is often associated with cancer cachexia, which is characterized by a loss of fat and muscle
mass. The main cause of malnutrition is limited food consumption by the patient, which might amplify
the symptoms associated with the treatment, such as nausea, vomiting, inflammation of the mucous
membrane, abnormal absorption, anorexia, tiredness, and pain [113]. The reasons for the development
of cachexia are (among other) metabolites produced by the tumor, which can cause anorectic effects
in the center of hunger and satiety located in the brain. Another factor is systemic inflammation,
which amplifies hypermetabolism, body mass loss, and tiredness. There are several studies reporting
malnutrition in NENs. The range of reported malnutrition is 4.9%-38% in the course of progressive
disease [114,115]. Omega-3 fatty acids have a positive effect on the treatment of neoplastic cachexia [116].
To cover the increased caloric needs, the patient’s diet should include an appropriate amount of all
nutrients: proteins, fat, carbohydrates, vitamins and minerals. Sometimes, apart from meals, it will
also be important to supply patients with dietary supplements that include necessary nutrients [95].
Arginine regulates the production of NO in cancer and thus in might support the development of
anti-cancer drugs that target this key metabolic pathway [117]. The diet should prevent body mass
loss, lead to the reconstruction of tissues, and improve the way the patient feels. It is recommended
they consume meals more frequently, but in smaller amounts. It is also recommended patients eat
snacks between meals. It is not recommended to drink between meals due to the excessive dilution
of gastric juice, which disturbs digestive processes and increases food volume. In patients that have
problems with the consumption of meals or in severely malnourished patients, it is recommended to
introduce enteral nutrition or parenteral feeding [7]. The content of the applied mixture should be
individually adjusted to the needs of the patient, taking into consideration his illnesses and providing
all the necessary nutrients [118].

4. Dietary Care Taking into Account Pharmacotherapy

It is important to consider the interaction of some medicines with food and the changes in the
secretion by some organs, such as the pancreas. During the investigation it was determined that the
treatment with everolimus or sunitinib may pose a risk for patients because there is an interaction
with food (grapefruit, camomile, cranberry, garlic, ginseng, green tea extract, pepper, resveratrol and
soy) associated with the inhibition of P450 (CYP) 3A pathway, which may lead to the toxicity of the
medicine. Moreover, high-fat meals are inhibitors of tyrosine kinase [66]. Furthermore, temozolomide
should not be supplied with food because fat—by changing the pH of the stomach—inhibits CYP
P450. It has also been demonstrated that somatostatin analogues that are common in the treatment of
advanced well-differentiated NEN may lead to exocrine pancreatic insufficiency in some patients [119]

For a better understanding of the individual nutritional approach to the patient with NEN,
considerations are presented in Table 1C.

11
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5. Summary

Neuroendocrine neoplasms of the digestive tract, through the secretion of hormones, peptides
and biogenic amines, cause various symptoms that can be reduced to improve the quality of life
through a balanced diet and physical activity. The inclusion of low glycemic index products in the diet
prevents the abrupt decrease and fluctuations in the level of glucose in the blood. This illness may
result in the limitation of the consumption of some nutrients, leading to the development of nutritional
deficiencies, excessive body mass loss and, eventually, malnutrition. Cachexia can be observed in
some NEN patients. It can occur as the result of the tumor’s production of metabolites that have an
anorectic effect on the center of hunger and satiety in the brain. This is why enteral nutrition support
and parenteral feeding should be considered in these patients. The frequent presence of diarrhea can
be amplified by the consumption of biogenic amines. Therefore, patients that suffer from this problem
should eliminate the following products from their diet: smoked fish and meat, soy products, avocado,
raspberries, pineapples, chocolate and nuts. The carcinoid syndrome is characterized by the deficiency
of niacin that results from the increased metabolism of tryptophan into serotonin, which can explain
frequent changes in moods. A well-balanced nutritional plan not only supports the struggle against
the illness, but it also eliminates the side effects of therapies, improving the quality of life.

5.1. Structure of the Underlying Research

The present narrative review evaluates the above-mentioned topics by considering the literature
published up to 31 December 2019. A literature search was conducted utilizing the PubMed
and Scopus databases. The terms used were: neuroendocrine tumors, neuroendocrine neoplasms,
gastroenteropancreatic neuroendocrine neoplasias, and biogenic amines. The passwords were checked
on terms: neuroendocrine tumors, neuroendocrine neoplasms, gastroenteropancreatic neuroendocrine
neoplasias, and biogenic amines. These terms were combined with diagnosis, treatment, nutrition,
diarrhea, constipation, and nutrition assessment. Studies that were not in English, letters to editor,
and abstracts to conferences were excluded. All included studies were screened and discussed by the
authors until a general consensus was reached.
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Abstract: Background: A valid malnutrition screening tool (MST) is essential to provide timely
nutrition support in ambulatory cancer care settings. The aim of this study is to investigate the validity
of the Patient-Generated Subjective Global Assessment Short Form (PG-SGA SF) and the new Global
Leadership Initiative on Malnutrition (GLIM) criteria as compared to the reference standard, the
Patient-Generated Subjective Global Assessment (PG-SGA). Methods: Cross-sectional observational
study including 246 adult ambulatory patients with cancer receiving in-chair intravenous treatment
at a cancer care centre in Australia. Anthropometrics, handgrip strength and patient descriptive data
were assessed. Nutritional risk was identified using MST and PG-SGA SF, nutritional status using
PG-SGA and GLIM. Sensitivity (Se), specificity (Sp), positive and negative predictive values and
kappa (k) were analysed. Associations between malnutrition and 1-year mortality were investigated
by Cox survival analyses. Results: A PG-SGA SF cut-off score >5 had the highest agreement when
compared with the PG-SGA (Se: 89%, Sp: 80%, k = 0.49, moderate agreement). Malnutrition risk
(PG-SGA SF > 5) was 31% vs. 24% (MST). For malnutrition according to GLIM, the Se was 76%
and Sp was 73% (k = 0.32, fair agreement) when compared to PG-SGA. The addition of handgrip
strength to PG-SGA SF or GLIM did not improve Se, Sp or agreement. Of 100 patients who provided
feedback, 97% of patients found the PG-SGA SF questions easy to understand, and 81% reported
that it did not take too long to complete. PG-SGA SF > 5 and severe malnutrition by GLIM were
associated with 1-year mortality risk. Conclusions: The PG-SGA SF and GLIM criteria are accurate,
sensitive and specific malnutrition screening and assessment tools in the ambulatory cancer care
setting. The addition of handgrip strength tests did not improve the recognition of malnutrition or
mortality risk.

Keywords: malnutrition; cancer; handgrip strength; nutrition assessment

1. Introduction

In 2019, it is estimated that almost 145,000 new cases of cancer will be diagnosed in Australia [1].
Throughout their cancer journey, around 30-90% of patients experience malnutrition [2,3]. This is
concerning, as malnutrition is associated with reduced treatment effectiveness [4-6], functional
status [4,6], quality of life [4,7] and survival [4-6,8]. Research suggests that early nutrition intervention
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may prevent nutritional deterioration in patients with cancer [9-11] and as such it is therefore
recommended that regular nutrition screening to facilitate timely nutrition care occurs for all patients
undergoing cancer treatment [12].

Patients with cancer often receive treatment in outpatient or ambulatory day care settings.
To identify malnutrition risk in these patients, it is essential to choose an efficient nutritional screening
tool suitable for ambulatory cancer patients. We know that many screening tools can lack clinical
information, sensitivity, specificity and/or are not usable and applicable for busy cancer care centres in
which there are high turnover rates of outpatients and limited human resources [13].

A number of malnutrition screening tools exist, with the Malnutrition Screening Tool (MST) being
the most commonly used in Australia. The MST has a good validity, sensitivity and specificity to
identify malnutrition assessed using the Patient-Generated Subjective Global Assessment (PG-SGA)
in ambulatory cancer care patients. The PG-SGA is widely used in clinical practice for assessing
nutritional status of cancer patients. The Patient-Generated Subjective Global Assessment Short Form
(PG-SGA SF), a component of the full PG-SGA, has recently been receiving new attention as a valid
screening tool for nutritional risk [14] and meets the professional standard when compared to the
PG-SGA [15,16]. The PG-SGA SF retains the patient completed section of weight history, food intake,
nutrition symptoms and physical function, and foregoes the remainder. The optimal cut-off value or
score to determine malnutrition risk according to the PG-SGA SF differs in the research and depends on
the purpose or objectives of the team using the instrument in clinical practice [17]. Since it is designed
to be completed by the patient, it is relatively simple to complete, and it reduces time and additional
burden to healthcare professionals [15]. Patient-led screening may improve patient autonomy and
aligns with the international focus on patient-centred care. Recently, patient-led screening with the
MST was found to be reliable and well accepted by patients attending an ambulatory cancer care
setting [18].

Interestingly, to standardize the clinical practice of malnutrition diagnosis in clinical settings,
the Global Leadership Initiative on Malnutrition (GLIM) recently proposed diagnostic criteria for
malnutrition. The GLIM criteria are objective, global and based on consensus. The GLIM includes a
combination of phenotypic (percentage weight loss, low body mass index, reduced muscle mass) and
etiologic (reduced food intake or assimilation, acute or chronic inflammation) criteria for the diagnosis
of malnutrition. The GLIM criteria have not yet been validated for identifying malnutrition in an
ambulatory oncology population, nor its predictive value regarding survival in these patients. There is
well established evidence of the PG-SGA's ability to predict clinical outcomes including survival with
well-nourished oncology patients having longer survival duration than malnourished patients [14,15].

It has also been shown that handgrip strength is reduced in cancer patients with malnutrition [19].
Handgrip strength has been shown to be a prognostic marker and is positively associated with survival
duration, for instance, in older patients with cancer [20,21]. As the aim of nutritional therapy is to
restore muscle mass and muscle strength, handgrip strength can serve as an additional parameter to
improve the recognition of malnutrition risk or malnutrition. Assessment of muscle function using
grip strength is recommended as a supportive measure in the GLIM consensus [22].

Therefore, the aim of this study is to (1) evaluate the agreement, sensitivity and specificity of
the PG-SGA SF and GLIM criteria to reference standard of PG-SGA, (2) investigate the added value
of handgrip strength test to PG-SGA SF and GLIM to recognise malnutrition risk or malnutrition,
(3) evaluate the patient experience and ease of completion of the patient-completed PG-SGA SF and
(4) investigate the ability of these tools to predict patient outcomes such as mortality and hospitalisation
and whether any tool is superior in this ability.

2. Materials and Methods

We conducted a cross-sectional, observational study at the Mater Cancer Care Centre (MCCC)
in Brisbane, QLD, Australia over one week in May 2018 and repeated over one week in March 2019.
Patient outcome data were collected 12 months post initial data collection. The protocol received
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was approved as low risk research by the Human Research Ethics Committee of Mater Misericordiae
Limited (HREC/18/MHS/101).

2.1. Participants

Patients with cancer aged 18 years or older were included if they were receiving in-chair intravenous
treatment at MCCC. People who were receiving treatment for a benign condition (e.g., rheumatoid
arthritis), receiving a blood transfusion only, waiting on hospital admission, or who declined to take
part in this study were excluded from participation.

2.2. PG-SGA SF

Patients who consented to the study were asked to complete a paper-based PG-SGA SF and
received basic verbal instructions (such as ‘tick the box that is applicable’) by trained staff. The PG-SGA
SF consists of four boxes: box 1, questions regarding body weight (scored 0-5); box 2, food intake
(score 0—4); box 3, symptoms affecting oral food intake (scored 0-23); and box 4, regarding activities
and function. Based on findings from a previous Australian study [16], box 4 questions were excluded
from the PG-SGA SF used in this study. Upon completion, the scores of boxes 1, 2 and 3 were totalled
by a dietitian.

A short questionnaire to assess ease of completion and time taken to complete the PG-SGA SF was
provided to each patient in 2019. The questionnaire was based on previously developed tools [18] and
included four questions regarding clarity and understanding of the tool, and time taken to complete
the tool.

2.3. MST and PG-SGA

In line with established guidelines [12], all participants were screened for malnutrition using the
MST. The MST includes two questions about recent unintentional weight loss and reduced appetite
affecting dietary intake [23] with answers generating a numerical score between 0 and 5. Patients
with an MST score >2 were classified as ‘at risk of malnutrition” and were assessed by dietitians using
the PG-SGA to determine their degree of malnutrition. The PG-SGA classifies patients into three
categories: (A) well-nourished; (B) moderately malnourished; or (C) severely malnourished. For data
analysis purposes, patients with MST <2 were assumed as well nourished (PG-SGA A).

2.4. GLIM Criteria

To diagnose malnutrition using the GLIM criteria, weight changes within six months (%) and body
mass index (BMI) were calculated using patients’ weight history and height (Table 1). Based on the GLIM
criteria, participants who had a combination of at least one phenotypic criterion (weight loss and/or
low BMI for age) and one etiologic criterion (disease burden and inflammatory condition of cancer)
were categorised as malnourished. The remaining participants were categorised as well-nourished.
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Table 1. Global Leadership Initiative on Malnutrition (GLIM) phenotypic and etiologic criteria for the
diagnosis of malnutrition.

Phenotypic Criteria Etiologic Criteria
Reduced Food
Weight Loss (%) Low Body M;ss Reduced Niuscle Intake or Inflammation 9-f
Index (kg/m?) Mass s e b
Assimilation *
<50% of ER >1 week,
<20 if <70 years, Reduced by or any reduction for
o il . . >2 weeks, or any Acute
>5% within past or <22 if >70 years validated body . o . e df
o - . o chronic GI condition  disease/injury ¢ or
6 months or >10% Asia: <18.5if composition .
. . that adversely chronic
beyond 6 months <70 years, or <20 if measuring . . of
- impacts food disease-related ¢
>70 years techniques S
assimilation or
absorption

ER = energy requirements, GI = gastrointestinal. Requires at least one phenotypic criterion and one etiologic criterion
for diagnosis of malnutrition; * for example, fat free mass index, by dual-energy absorptiometry or corresponding
standards using other body composition methods like bioelectrical impedance analysis, computed tomography
(CT) or magnetic resonance imaging (MRI). When not available or by regional preference, physical examination or
standard anthropometric measures like mid-arm muscle or calf circumference may be used. Thresholds for reduced
muscle mass need to be adapted to race (Asia). Functional assessments like hand-grip strength may be considered as
a supportive measure. ® Consider gastrointestinal symptoms as supportive indicators that can impair food intake or
absorption (e.g., dysphagia, nausea, vomiting, diarrhoea, constipation or abdominal pain). Use clinical judgement
to discern severity based upon the degree to which intake or absorption are impaired. Symptom intensity, frequency
and duration should be noted. ¢ Reduced assimilation of food/nutrients is associated with malabsorptive disorders
like short bowel syndrome, pancreatic insufficiency and after bariatric surgery. It is also associated with disorders
like esophageal stricture, gastroparesis and intestinal pseudo-obstruction. Malabsorption is a clinical diagnosis that
manifests as chronic diarrhoea or steatorrhoea. Malabsorption in those with ostomies is evidenced by elevated
volumes of output. Use clinical judgement or additional evaluation to discern severity based upon frequency,
duration and quantitation of faecal fat and/or volume of losses. ¢ Acute disease/injury-related. Severe inflammation
is likely to be associated with major infection, burns, trauma or closed head injury. Other acute disease/injury-related
conditions are likely to be associated with mild-moderate inflammation. ¢ Chronic disease-related conditions. Severe
inflammation is not generally associated with chronic disease conditions. Chronic or recurrent mild-moderate
inflammation is likely to be associated with malignant disease, chronic obstructive pulmonary disease, congestive
heart failure, chronic renal disease or any disease with chronic or recurrent inflammation. Note that transient
inflammation of a mild degree does not meet the threshold for this etiologic criterion. f C-reactive protein may be
used as a supportive laboratory measure.

2.5. Handgrip Strength (HGS)

Handgrip strength tests were performed in the dominant hand using a hydraulic hand
dynamometer (Jamar Plus+, Performance Health Supply Inc., Sutton-in-Ashfield, UK). The patient
performed the test in a seated position, with the shoulder abducted and neutrally rotated, elbow
flexed at 90 degrees, forearm and wrist in a neutral position. Patients were instructed to perform three
maximal isometric contractions. Patients took brief pauses between measurements. The maximal
value was recorded to the nearest 0.1 kg, and was used to compare with the 10th percentile of age- and
gender-dependent reference values [24]. If patients were unable to perform handgrip strength with
their dominant hand, the non-dominant hand was used.

2.6. Patient Outcomes

Patient outcome measures were collected 12 months post initial study date and were obtained
from the patient electronic medical record. This included mortality, number of hospital admissions
during the 12-month period and length of stay of hospital admissions.

2.7. Statistical Analysis

Data analysis was completed using IBM SPSS software V.25.0 for Windows. A significance level
of 5% was applied to detect statistical significance. For normally distributed continuous variables,
independent t-tests were applied to compare means between malnutrition categories. PG-SGA SF
values from 1 to 7 were each analysed to determine optimal cut-off values to determine malnutrition
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risk for this population. In order to compare the PG-SGA SF and GLIM with the reference instrument
(PG-SGA), sensitivity, specificity and positive and negative predictive values for the PG-SGA SF
and GLIM against PG-SGA were calculated and receiver operating characteristic (ROC) curves were
generated. Kappa coefficient was assessed to investigate the rate of agreement between PG-SGA SF
or GLIM and PG-SGA. To determine the validity of the PG-SGA SF, the professional standard 80%
for sensitivity and 60% for specificity were determined based on the literature [25,26]. The kappa
coefficient was interpreted based on the literature [27,28] as follows: <0 as poor agreement; 0.01-0.20 as
slight agreement; 0.21-0.40 as fair agreement; 0.41-0.60 as moderate agreement; 0.61-0.80 as substantial
agreement; and 0.81-1.00 as almost perfect agreement. The professional standard for kappa was
set to >0.60 [29]. Cox proportional hazards analyses were performed to determine the association
between malnutrition diagnoses and mortality 1 year after the audit date. Univariate as well as
multivariate analyses adjusted for gender, age (<65 years vs. >65 years), obesity (BMI > 30 kg/mz) and
diagnosis (breast cancer vs. other types of cancer) were performed on the basis of available literature.
The association between malnutrition diagnoses and hospital admissions (Y/N) and length of stay was
investigated by logistic and linear regression analysis, respectively (both univariate and multivariate,
adjusted for similar confounders).

3. Results

Out of 275 patients that were eligible, a total of 246 patients consented to participate in the study.
The mean age was 61.9 + 13.1 years, and 182 (74%) patients were female. The most common cancer
diagnoses were breast (45%), gynaecological (13%) and colorectal (11%) (Table 2).

Table 2. Patient characteristics of 246 patients with cancer attending an ambulatory cancer care centre.

n (%)
Age! 619 +13.1
Gender
Male 64 (26)
Female 182 (74)
BMI (WHO categories) 2
Underweight (<18.5 kg/m? for <65 years, <24 for >65 years) 30 (14)
Healthy weight (18.5-25 kg/m? for <65 years, 24-31 for >65 years) 102 (47)
Overweight (>25-30 kg/m2 for <65 years, >31 for >65 years) 53 (24)
Obese (>30 kg/m? for <65 years) 33 (15)
Type of cancer
Respiratory 21 (9)
Urogenital 15 (6)
Head and neck 1(1)
Gynaecology 32(13)
Breast 110 (45)
Haematology 21 (9)
Colorectal 27 (11)
Upper GI 11(5)
Melanoma 7 (3)
Unknown primary 1(1)
Emetogenicity of current cancer treatment 3
Low 125 (53)
Moderate 64 (27)
High 47 (20)

1 Average + SD, 23 =218,% n =236. BMI = body mass index; WHO = World Health Organization.

3.1. Validity of Malnutrition Tools/Instruments

The MST had a sensitivity of 100% and a specificity of 90% (kappa: 0.737) when compared to the
reference tool PG-SGA.
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The sensitivity and specificity for the different cut-off scores and percentiles of PG-SGA SF are
depicted in Table 3. The sensitivity was the highest when applying a cut-off score >3 for PG-SGA SF,
however cut-off scores >3, >4 and >5 all fulfilled the criteria deemed acceptable for validity. A PG-SGA
SF cut-off score >5 had the highest agreement and deemed most suitable when compared with the
reference PG-SGA, with a sensitivity of 89%, a specificity of 80% and a ‘moderate agreement’ (k = 0.493).

Table 3. Sensitivity and specificity of nutritional indices of malnutrition risk and malnutrition as
determined by reference standard Patient-Generated Subjective Global Assessment.

Sensitivity (%)  Specificity (%) PPV (%) NPV (%) Kappa

Malnutrition Risk

PG-SGA SF (>3) 94 62 31 98 0.311

PG-SGA SF (>4) 92 71 37 98 0.387

PG-SGA SF (=5) 89 80 45 98 0.493

PG-SGA SF (>3) and HGS < 10th percentile 21 95 44 87 0.208
PG-SGA SF (>4) and HGS < 10th percentile 21 96 50 87 0.229
PG-SGA SF (>5) and HGS < 10th percentile 21 96 50 87 0.229

Malnutrition

GLIM criteria (moderate, severe or both) 76 73 34 94 0.323
GLIM criteria and HGS < 10th percentile 19 96 43 87 0.186

PG-SGA SF Patient-Generated Subjective Global Assessment Short Form; HGS handgrip strength; GLIM Global
Leadership Initiative on Malnutrition; PPV positive predictive value; NPV negative predictive value.

When compared to the reference standard PG-SGA, malnutrition according to the GLIM criteria
had a sensitivity of 76%, specificity of 73% and a ‘fair agreement’ (k = 0.323). When adding handgrip
strength < 10th percentile of reference values, sensitivity and specificity for both PG-SGA SF and GLIM
declined to around 20% and 95-96%, respectively and kappa declined to approximately 0.2 (poor to
slight agreement).

3.2. Malnutrition Risk and Malnutrition

According to the MST, 60 patients (24%) were identified as at risk of malnutrition compared to 71
(31%) patients with PG-SGA SF > 5 (Table 4). There were 32 (14%) patients with a handgrip strength
(HGS) cut-off score of <10th percentile. When handgrip strength < 10th percentile of reference values
was added to PG-SGA SF > 5 the number of patients identified as at risk of malnutrition decreased to
14 (6%).

Table 4. Malnutrition risk as determined by PG-SGA SE.

At Risk Malnutrition n (%)

PG-SGA SF (>1) 181 (79.4)
PG-SGA SF (>2) 131 (57)
PG-SGA SF (>3) 108 (47)
PG-SGA SF (>4) 90 (39)
PG-SGA SF (>5) 71 (31)
PG-SGA SF (>6) 52 (23)
PG-SGA SF (>7) 41 (18)

PG-SGA SF Patient-Generated Subjective Global Assessment Short Form.

According to the PG-SGA assessed by the dietitian, the number of patients who identified as
malnourished was 39 (16%), with 33 (13%) of those moderately (PG-SGA B) malnourished. According to
the GLIM criteria for the diagnosis of malnutrition; 77 (35%) out of 220 patients were identified as
malnourished (moderately, severely, or both). When handgrip strength was added to the GLIM criteria
(HGS < 10th percentile), malnutrition prevalence was reduced to 7% (n = 14).

Malnutrition according to the PG-SGA was identified across all BMI categories, with the lowest
percentage of malnutrition in obese patients. Cancer types with the highest rates of malnutrition were
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respiratory (n = 21, 29%), haematology (n = 21, 24%) and colorectal cancer (n = 27, 22%). In patients
receiving chemotherapy agents with a moderate or high emetogenicity risk, more patients were
malnourished (24%) compared to patients receiving low emetogenicity risk agents (10%) (p = 0.002).
The most frequently reported nutrition impact symptom in the malnourished group was ‘no appetite’
(n =23, 59%), followed by ‘things taste funny or have no taste’ (n = 18, 46%) and ‘fatigue’ (n = 12, 31%).

A reduced food intake in the past month was reported by 66 patients (29.5%). In malnourished
patients, a food intake less than usual was reported by 80% (1 = 28), compared to only 20% (1 = 38) in
well-nourished patients (p < 0.001).

3.3. Patient Experience

Table 5 displays data on patients” experiences with self-completing the PG-SGA SF during the
2019 audit. A 95% completion rate was achieved (100 out of 105 questionnaires completed). According
to the questionnaire responses, 98% of patients indicated that the instructions to complete the tool
were clear (n = 101), and most found the questions easy to understand (n = 101, 97%). Furthermore,
81% of patients thought the questions did not take too long to complete (1 = 100) with most reporting
it took five minutes or less to complete the PG-SGA SF (n = 100, 97%).

Table 5. Patient experience completing PG-SGA SF.

n n (%)
Questionnaires
Completed 105 100 (95%)
Not completed 4 (4%)
Partially completed 1 (1%)
The instructions to complete the self-completed
tool were clear
Strongly agree 47 (47%)
Agree 101 52(52%)
Neutral 1 (1%)
Disagree 1 (1%)
Strongly disagree 0
I understood the questions
Strongly agree 52 (52%)
Agree 101 46 (46%)
Neutral 2 (2%)
Disagree 1 (1%)
Strongly disagree 0
Please estimate the time taken to complete the
questions
Less than 3 min 100 61 (61%)
3-5 min 36 (36%)
More than 5 min 3 (3%)
The questions took too much time to complete
Strongly agree 6 (6%)
Agree 6 (6%)
Neutral 100 7 (7%)
Disagree 47 (47%)
Strongly disagree 34 (34%)

3.4. Patient Outcomes

Multivariate analyses showed that malnutrition according to the GLIM criteria was associated
with a 2-fold increased 1-year mortality risk, and a 4-fold increased risk when adding handgrip strength
lower than the 10th percentile of reference value as a muscle strength parameter. However, these
associations were borderline statistically significant (Table 6). Severe malnutrition according to the
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GLIM criteria was associated with increased mortality risk (HR 2.9, p = 0.019); this was not the case
for moderate malnutrition according to GLIM, or for moderate or severe malnutrition (GLIM) when

adding handgrip strength < 10th percentile of reference values.

Table 6. Associations between malnutrition diagnoses and 1-year mortality in patients with cancer

attending an ambulatory cancer care centre.

Malnutrition Diagnosis

Model 11
HR (95% CI)

Model 21
HR (95% CI)

Model 31
HR (95% CI)

3.392 (1.463; 7.865)

MST > 2 2.554 (1.296; 5.032) 3.021 (1.339; 6.817) P = 0.004
PG-SGABorC 7.128 (2.982; 17.034) 7.305 (2.822; 18.908) 10.373 (3.752; 28.681)
p <0.001
GLIM-malnutrition 1.951 (0.930; 4.092) 2.186 (0.982; 4.867) 2'238;2%03&;1 99)
GLIM-malnutrition + handgrip strength . . 4.136 (1.009; 16.958)
< 10th percentile 2.952 (0.856; 10.178) 3.237(0.882; 11.884) p=0.049
GLIM: moderate malnutrition 1.053 (0.481; 2.304) 1.165 (0.518; 2.620) 1166;2’%%6; 606)
GLIM: moderate malnutrition + . . 3.642 (0.410; 32.349)
handgrip strength < 10th percentile 4.048 (0498; 32.928) 3.201(0:377;27.205) p=0.246
GLIM: severe malnutrition 2.631 (1.187; 5.831) 2.575 (1.100; 6.031) 2'890;1'1093197'001)
GLIM: severe malnutrition + handgrip . X 3.796 (0.948; 15.200)
strength < 10th percentile 2:908 (0.849; 9.963) 3.102 (0-854;11.270) p =0.059
PG-SA SF > 3 3.091 (1.488; 6.422) 3.184 (1.436; 7.060) 3.099;1(13(’)73(;)67-000)
PG-SA SF > 3 + handgrip strength < . . 1.570 (0.572; 4.310)
10th percentile 1.477 (0.601; 3.632) 1.547 (0.569; 4.210) p=0.381
PG-SA SF > 5 3.195 (1.560; 6.543) 3.436 (1.535; 7.692) 3.512;7(1.%)8362318)
PG-SA SF > 5 + handgrip strength < . . 1.570 (0.572; 4.310)
10th percentile 1.477 (0.601; 3.632) 1.547 (0.569; 4.210) p=0.381
Handgrip strength < 10th percentile 1.713 (0.735; 3.995) 1.913 (0.721; 5.076) 1'958;7(2'221955'259)

HR hazard ratio; CI confidence interval. ! Dependent variable: 1-y mortality, independent variables: Model 1:
malnutrition diagnosis (0/1), Model 2: malnutrition diagnosis (0/1), gender (female vs. male), age (>65 vs. <65y),
BMI (230 kg/m? vs. <30 kg/m?), Model 3: malnutrition diagnosis (0/1), gender (female vs. male), age (>65 vs. <65

y), BMI (=30 kg/m2 vs. <30 kg/mz), breast cancer vs. other types of cancer.

Malnutrition risk according to the PG-SGA SF (both with cut-off >3 and >5) was associated with a
1.6 or 3.5 increased mortality risk, respectively (p = 0.006 and p = 0.004). When including handgrip
strength, the PG-SGA SF was not associated with 1-year mortality risk.

The reference tools were both associated with 1-year mortality risk: hazard ratio (HR) 3.4
(p = 0.004) for MST > 2, and HR 10.4 (p < 0.001) for PG-SGA B and PG-SGA C. No associations were
observed between number of hospital admissions or total length of stay in hospital during 1-year post
initial assessment.

4. Discussion

Findings from this study demonstrate that the PG-SGA SF is an accurate, sensitive and specific
malnutrition screening tool in the ambulatory cancer care setting. This is consistent with other
studies [14,16] when compared to the full PG-SGA.

Our study identified that cut-off scores of >3, >4 and >5 all fulfilled criteria deemed acceptable
for validity, however a cut-off score of >5 had the highest agreement with the reference standard of
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malnutrition according to PG-SGA. Optimal cut-off scores differ according to the literature, reporting
>3 [16] and >6 [15] as optimal cut-off scores. This disparity may be due to different administration
methods (patient completed vs. clinician completed). In the current study the patient self-completed
the PG-SGA SE. This is more comparable to Gabrielson et al., reporting >6 as the optimal cut-off [15].
One reason for our lower cut-off score of >5 would be our formatting of the PG-SGA SE, which was the
removal of the activity box (box 4). This is a study limitation, however, which accounts for the lower
cut-off score.

When compared to MST, the PG-SGA SF identified more patients at risk of malnutrition (31%
vs. 24%). This could be explained by the inclusion of nutrition impact symptoms in the PG-SGA
SF. Nutrition impact symptoms were common in our cohort, with 29% of patients reporting at least
one symptom in the last two weeks. The PG-SGA SF provides valuable information on nutrition
impact symptoms, which alone succeeded in identifying patients at risk of malnutrition in previous
studies [16,30].

It has been hypothesized that identifying nutrition impact symptoms, especially early in the
cancer continuum, may facilitate pro-active malnutrition prevention [14]. For example, patients with
no significant weight loss reporting several nutrition impact symptoms are at risk of deterioration in
nutritional status and quality of life if they do not receive timely intervention.

Previous studies have indicated that patient-led screening is quick and easy for patients to
complete [18]. In our study, patients were provided simple instructions to self-complete the tool, with
the addition of patient experience questions in year two of the study. This was included to evaluate the
usability and acceptability of the patient completed tool within our local setting. Patient completed
PG-SGA SF was well accepted in our study with most indicating the questions easy to understand
and that it took five minutes or less to complete the tool. This is similar to a previous study in an
ambulatory cancer care setting where they found patient-led screening with the MST was reliable
and well accepted by patients [18]. The benefit of the PG-SGA SF over the MST is the additional
contributing factors associated with poor dietary intakes, enabling the delivery of the most efficient
nutrition intervention [6,31,32].

Malnutrition prevalence in our population differed greatly according to which tool was used,
with the GLIM criteria identifying two times the number of patients as malnourished compared to the
PG-SGA (35% vs. 16%). PG-SGA is a subjective diagnostic tool that is validated, reliable and widely
used in the oncology setting [33-35]. Whilst there is no gold standard for determining nutritional
status, for the purpose of our study we used PG-SGA as a primary reference tool to determine
the validity of GLIM criteria for malnutrition. When compared to this reference standard PG-SGA,
malnutrition according to the GLIM criteria had a sensitivity of 76%, specificity of 73% and a ‘fair
agreement’ (k = 0.323). This falls slightly short of the acceptable professional standard of 80% and
60%. The difference in prevalence rates between PG-SGA and GLIM criteria can be theorised by
the time frame of involuntary weight loss and the use of BMI. The PG-SGA classification is based
on 1-month weight loss percentage, whereas the GLIM criteria include weight loss up to 6 months
and beyond 6 months. This may account for the high prevalence according to GLIM, where patients
with a history of weight loss that have stabilised weight in the recent period may be classified as not
malnourished according to PG-SGA. Additionally, a low BMI as a phenotypic criterion can classify
patients as malnourished according to GLIM, whereas BMI is not used in the PG-SGA. There is
substantial variation in the use of low BMI as a phenotypic criterion for diagnosis of malnutrition and
further research on this is required [36].

Furthermore, in our study a PG-SGA was only completed on patients who scored MST > 2, with
all other patients assumed as PG- SGA A (well nourished), whereas GLIM criteria were assessed
for all patients. Finally, the PG-SGA is a subjective diagnostic tool, in contrast, GLIM is an objective
measurement which determines patients with malnutrition using objective data and cut-offs, and
not by clinician’s or patient’s judgement [22]. This means that the skill and experience of clinicians
may impact less on validity and reliability of the assessment when using the GLIM. For these reasons,
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studies evaluating the validity of a malnutrition tool, should use an objective reference tool rather
than a subjective tool. The GLIM initiative targets the priority to adopt global consensus criteria so
that malnutrition prevalence interventions and outcomes can be compared throughout the world [22].
The consensus criteria targets adults in clinical settings, although not specifically for a disease state.
The GLIM criteria do not entail the robust detail of comprehensive nutrition assessment but provide a
malnutrition diagnosis that may be complemented by more comprehensive assessment, for example
the PG-SGA, to provide the basis for individualised treatment plans.

Handgrip strength is a non-invasive, quick and easy method to assess peripheral muscle strength
and has been proposed as an indicator of muscle wasting and malnutrition [36]. In cancer patients,
muscle wasting is particularly frequent and is associated with increased morbidity and mortality [37].
In fact, in a study in patients with advanced-stage cancer, 6-month mortality was higher amongst
malnourished as assessed by the SGA (Subjective Global Assessment) and GLIM criteria using HGS
(using 5th percentile cut-off) [38]. It should be kept in mind that hand grip strength is an indicator of
upper limb strength and muscle function only and despite its apparent predictive potential, it cannot
replace assessment of muscle mass by validated body composition techniques (dual energy x-ray
absorptiometry (DXA), bioelectrical impedance analysis (BIA), computed tomography (CT), magnetic
resonance imaging (MRI)). Muscle strength tools can be used as a supporting proxy [22]. According to
our findings, the addition of a handgrip strength test did not improve the recognition of malnutrition
risk when combined with PG-SGA SF. In fact, the sensitivity decreased to 21% (specificity 96%), and the
agreement with PG-SGA was poor. Furthermore, the addition of a handgrip strength test also did not
improve the recognition of malnutrition when combined to the GLIM criteria.

There is well-established evidence of the PG-SGA’s ability to predict clinical outcomes, such
as patient survival, postoperative complications, length of stay, quality of life and hospitalisation
costs [14]. Given the relatively new nature of the GLIM criteria, there are few studies investigating the
predictive ability in a cancer population. Recent studies found that malnutrition according to GLIM
criteria with the addition of hand grip strength in hospitalised cancer patients is associated with higher
mortality, specifically a 2-3-fold increase in mortality [38,39]. These findings are similar to our results,
which confirm that the GLIM criteria are sensitive to identify mortality risk. We note however, that it is
difficult to compare findings due to different populations, stages of disease and settings (ambulatory
vs. hospitalised), as well as differing hand grip strength references. Thus, more research is necessary to
investigate this association.

4.1. Limitations

The principal limitation of our study was removal of the activity box (box 4) from the PG-SGA
SF and therefore not using the tool as it was designed. This decision was based on findings by
Abbott et al., [16] showing that PG-SGA and additive score combinations of the first three boxes
(removing box 4) had higher sensitivity than the MST in ambulatory cancer patients.

Another major limitation of our study was that all patients with MST <2 were assumed as
well- nourished PG-SGA A. As this study was initially completed as part of the annual malnutrition
prevalence auditing, the usual procedure was to progress to PG-SGA only if MST >2. To enable analysis
of data, all patients with MST <2 were then assumed as PG-SGA A. This may have incorrectly labelled
patients as well-nourished when in fact they could have been malnourished.

Additionally, the study was completed over two separate weeks in two separate years with
slightly different methods applied. The addition of patient experience questions was only included in
the second year which meant that this valuable information was only obtained from 40% of the study
population. Other limitations include our sample size of 246 patients, and heterogeneity of diagnoses.

4.2. Implications for Practice and Research

It is challenging to implement routine malnutrition screening in ambulatory cancer care settings.
Resources tend to be stretched, therefore screening tools should be quick and simple. We found that
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the PG-SGA SF is a valid and suitable screening tool for cancer patients and is a good alternative
to the MST. The addition of a handgrip strength test did not add value to screening or diagnosing
malnutrition; it created extra work for clinicians and burden to patients and therefore has not been
implemented as standard care in our cancer centre. The benefit of the PG-SGA SF in being patient-led
aligns with core patient centred concepts and with engaging patients in the care process, and our data
showed a good acceptance and patient experience. PG-SGA SF and the GLIM criteria both predict
patient mortality, however, there needs to be more large-scale studies to validate the GLIM criteria and
compare to reference assessment tools, and body composition techniques.

5. Conclusions

The PG-SGA SF is an accurate, sensitive and specific malnutrition screening tool in the ambulatory
cancer care setting. It is patient completed which aligns with patient-centred concepts, and it is well
accepted by patients. The addition of a handgrip strength test did not add value, in fact, it reduced the
sensitivity in screening or diagnosing malnutrition. The GLIM criteria diagnosed a greater percentage
of malnutrition when compared to PG-SGA and the agreement of GLIM to this reference tool is fair.
The GLIM criteria should not replace the use of a comprehensive nutrition assessment and should be
used in parallel with established and validated tools such as PG-SGA.

Author Contributions: Conceptualization, LM.D.G., A.A. and B.S.v.d.M.; methodology, LM.D.G., A.A.
and B.S.v.d.M.; validation, LM.D.G., G.L. and B.S.v.d.M.; formal analysis, LM.D.G., G.L. and B.S.v.d.M;
writing—original draft preparation, L.D.D.G., G.L. and B.S.v.d.M.; writing—review and editing, LM.D.G., G.L.,
and B.S.v.d.M.; supervision, B.S.v.d.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors thank the staff of Mater Hospital for their support and the Bond University
Nutrition and Dietetic students for assisting in data collection.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Kumar, A,; Saxena, M.; Hammond, N.; Taylor, C.; Thompson, K.; Grattan, S. Near Two-fold Rise in ICD-coded
Sepsis-related Hospital Admissions in Australia: An Australian Institute of Health and Welfare Database
Analysis (2011-2016). Aust. Crit. Care 2019, 32, S7. [CrossRef]

2. Hébuterne, X.; Lemarié, E.; Michallet, M.; De Montreuil, C.B.; Schneider, S.M.; Goldwasser, F. Prevalence of
Malnutrition and Current Use of Nutrition Support in Patients with Cancer. J. Parenter. Enter. Nutr. 2014, 38,
196-204. [CrossRef]

3. Arends,].; Baracos, V.; Bertz, H.; Bozzetti, F.; Calder, P.C.; Deutz, N.E.P; Erickson, N.; Laviano, A.; Lisanti, M.;
Lobo, D.N.; et al. ESPEN expert group recommendations for action against cancer-related malnutrition.
Clin. Nutr. 2017, 36, 1187-1196. [CrossRef]

4. Andreyev, HJ.N.; Norman, A.R; Oates, ].; Cunningham, D. Why do patients with weight loss have a worse
outcome when undergoing chemotherapy for gastrointestinal malignancies? Eur. ]. Cancer 1998, 34, 503-509.
[CrossRef]

5. Persson, C.; Glimelius, B. The relevance of weight loss for survival and quality of life in patients with
advanced gastrointestinal cancer treated with palliative chemotherapy. Anticancer. Res. 2003, 22, 3661-3668.

6. Lim,S.L.; Ong, K.C.B,; Chan, YH.; Loke, W.C.; Ferguson, M.; Daniels, L. Malnutrition and its impact on cost
of hospitalization, length of stay, readmission and 3-year mortality. Clin. Nutr. 2012, 31, 345-350. [CrossRef]

7. DeWys, W.D.; Begg, C.; Lavin, PT.,; Band, P.R.; Bennett, ] M.; Bertino, J.R.; Cohen, M.H.; Douglass, H.O.;
Engstrom, P.F; Ezdinli, E.Z; et al. Prognostic effect of weight loss prior tochemotherapy in cancer patients.
Am. J. Med. 1980, 69, 491-497. [CrossRef]

8. Datema, FR,; Ferrier, M.B.; De Jong, R.J.B. Impact of severe malnutrition on short-term mortality and overall
survival in head and neck cancer. Oral Oncol. 2011, 47, 910-914. [CrossRef]

9. Berg, M.G.A.V.D.; Rasmussen-Conrad, E.L.; Wei, K.H.; Lintz-Luidens, H.; Kaanders, ].H.A.M.; Merkx, M.
Comparison of the effect of individual dietary counselling and of standard nutritional care on weight loss in
patients with head and neck cancer undergoing radiotherapy. Br. |. Nutr. 2010, 104, 872-877. [CrossRef]

32



Nutrients 2020, 12, 2287

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Schmidt, K.N.; Olson, K.; Kubrak, C.; Parliament, M.; Ghosh, S. Validation of the Head and Neck Patient
Symptom Checklist as a nutrition impact symptom assessment tool for head and neck cancer patients.
Support. Care Cancer 2012, 21, 27-34. [CrossRef]

Um, M.H.; Choi, M.Y,; Lee, S.M; Lee, L.-].; Lee, C.G.; Park, Y.K. Intensive nutritional counseling improves
PG-SGA scores and nutritional symptoms during and after radiotherapy in Korean cancer patients.
Support. Care Cancer 2014, 22, 2997-3005. [CrossRef]

Arends, J.; Bachmann, P; Baracos, V.; Barthelemy, N.; Bertz, H.; Bozzetti, F; Fearon, K.; Hiitterer, E.;
Isenring, E.; Kaasa, S.; et al. ESPEN guidelines on nutrition in cancer patients. Clin. Nutr. 2017, 36, 11-48.
[CrossRef]

Kubrak, C.; Jensen, L. Critical Evaluation of Nutrition Screening Tools Recommended for Oncology Patients.
Cancer Nurs. 2007, 30, E1-E6. [CrossRef]

Jager-Wittenaar, H.; Ottery, F.D. Assessing nutritional status in cancer. Curr. Opin. Clin. Nutr. Metab. Care
2017, 20, 322-329. [CrossRef]

Gabrielson, D.K.; Scaffidi, D.; Leung, E.; Stoyanoff, L.; Robinson, J.; Nisenbaum, R.; Brezden-Masley, C.;
Darling, P.B. Use of an Abridged Scored Patient-Generated Subjective Global Assessment (abPG-SGA) as
a Nutritional Screening Tool for Cancer Patients in an Outpatient Setting. Nutr. Cancer 2013, 65, 234-239.
[CrossRef]

Abbott, ].; Teleni, L.; McKavanagh, D.; Watson, J.; McCarthy, A.L.; Isenring, E. Patient-Generated Subjective
Global Assessment Short Form (PG-SGA SF) is a valid screening tool in chemotherapy outpatients.
Support. Care Cancer 2016, 24, 3883-3887. [CrossRef]

Ottery, ED.; PG-SGA©. PG-SGA/Pt-Global Platform. Available online: http://pt-global.org/?page_id=13.
(accessed on 8 July 2020).

Di Bella, A.; Blake, C.; Young, A.; Pelecanos, A.; Brown, T. Reliability of Patient-Led Screening with the
Malnutrition Screening Tool: Agreement between Patient and Health Care Professional Scores in the Cancer
Care Ambulatory Setting. |. Acad. Nutr. Diet. 2018, 118, 1065-1071. [CrossRef]

Norman, K.; Stobdus, N.; Smoliner, C.; Zocher, D.; Scheufele, R.; Valentini, L.; Lochs, H.; Pirlich, M.
Determinants of hand grip strength, knee extension strength and functional status in cancer patients.
Clin. Nutr. 2010, 29, 586-591. [CrossRef]

Versteeg, K.S.; Blauwhoff-Buskermolen, S.; Buffart, L.; De Van Der Schueren, M.A.; Langius, ].A.E,;
Verheul, HM.W.; Maier, A.B.; Konings, LR. Higher Muscle Strength Is Associated with Prolonged Survival
in Older Patients with Advanced Cancer. Oncologist 2017, 23, 580-585. [CrossRef]

Norman, K.; Wirth, R.; Neubauer, M.; Eckardt, R.; Stobdus, N. The Bioimpedance Phase Angle Predicts Low
Muscle Strength, Impaired Quality of Life, and Increased Mortality in Old Patients with Cancer. |. Am. Med.
Dir. Assoc. 2015, 16, 173.e17-173.e22. [CrossRef]

Cederholm, T.; Jensen, G.; Correia, M.; Gonzalez, M.; Fukushima, R.; Higashiguchi, T.; Baptista, G.;
Barazzoni, R.; Blaauw, R.; Coats, A_; et al. GLIM criteria for the diagnosis of malnutrition—A consensus
report from the global clinical nutrition community. Clin. Nutr. 2019, 38, 1-9. [CrossRef]

Isenring, E.; Cross, G.; Daniels, L.; Kellett, E.; Koczwara, B. Validity of the malnutrition screening tool as an
effective predictor of nutritional risk in oncology outpatients receiving chemotherapy. Support. Care Cancer
2006, 14, 1152-1156. [CrossRef]

Dodds, R.M.; Syddall, H.E.; Cooper, R.; Benzeval, M.; Deary, 1].; Dennison, E.M.; Der, G.; Gale, C.R,;
Inskip, H.; Jagger, C.; et al. Grip Strength across the Life Course: Normative Data from Twelve British
Studies. PLoS ONE 2014, 9, e113637. [CrossRef]

Planas, M.; Alvarez-Hernandez, J.; Leén-Sanz, M; Celaya-Pérez, S.; Araujo, K.; De Lorenzo, A.G.; Researchers
on behalf of the PREDyCES®. Prevalence of hospital malnutrition in cancer patients: A sub-analysis of the
PREDyCES®study. Support. Care Cancer 2016, 24, 429-435. [CrossRef]

Onesti, ] K.; Guttridge, D.C. Inflammation Based Regulation of Cancer Cachexia. BioMed Res. Int. 2014, 2014,
1-7. [CrossRef]

Raslan, M.; Gonzalez, M.C.; Dias, M.C.G.; Nascimento, M.; Castro, M.; Marques, P.; Segatto, S.; Torrinhas, R.S.;
Cecconello, I.; Waitzberg, D.L. Comparison of nutritional risk screening tools for predicting clinical outcomes
in hospitalized patients. Nutrition 2010, 26, 721-726. [CrossRef]

Viera, A.].; Garrett, ].M. Understanding interobserver agreement: The kappa statistic. Fam. Med. 2005, 37,
360-363.

33



Nutrients 2020, 12, 2287

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

McHugh, M.L. Interrater reliability: The kappa statistic. Biochen. Medica 2012, 276-282. [CrossRef]
Campbell, K.L.; Bauer, ].D.; Ikehiro, A.; Johnson, D.W. Role of Nutrition Impact Symptoms in Predicting
Nutritional Status and Clinical Outcome in Hemodialysis Patients: A Potential Screening Tool. J. Ren. Nutr.
2013, 23, 302-307. [CrossRef]

Mendonsa, R.D.; Appaya, P. Psychiatric morbidity in outpatients of gynecological oncology clinic in a tertiary
care hospital. Indian ]. Psychiatry 2010, 52, 327-332. [CrossRef]

Nho, J.-H.; Kim, S.R.; Kwon, Y.S. Depression and appetite: Predictors of malnutrition in gynecologic cancer.
Support. Care Cancer 2014, 22, 3081-3088. [CrossRef]

Shaw, C.; Fleuret, C.; Pickard, ].M.; Mohammed, K.; Black, G.; Wedlake, L. Comparison of a novel, simple
nutrition screening tool for adult oncology inpatients and the Malnutrition Screening Tool (MST) against the
Patient-Generated Subjective Global Assessment (PG-SGA). Support. Care Cancer 2014, 23, 47-54. [CrossRef]
Bauer, ].D.; Capra, S.M.; Ferguson, M. Use of the scored Patient-Generated Subjective Global Assessment
(PG-SGA) as a nutrition assessment tool in patients with cancer. Eur. J. Clin. Nutr. 2002, 56, 779-785.
[CrossRef]

Read, J.A.; Crockett, N.; Volker, D.H.; MacLennan, P.; Choy, S.T.B.; Beale, P.; Clarke, S.J. Nutritional Assessment
in Cancer: Comparing the Mini-Nutritional Assessment (MNA) With the Scored Patient-Generated Subjective
Global Assessment (PGSGA). Nutr. Cancer 2005, 53, 51-56. [CrossRef]

Norman, K.; Schiitz, T.; Kemps, M.; Liibke, H.].; Lochs, H.; Pirlich, M. The Subjective Global Assessment
reliably identifies malnutrition-related muscle dysfunction. Clin. Nutr. 2005, 24, 143-150. [CrossRef]
[PubMed]

Ryan, A.M.; Power, D.G.; Daly, L.E.; Cushen, S.J.; Bhuachalla Eadaoin, N.; Prado, C.M. Cancer-associated
malnutrition, cachexia and sarcopenia: The skeleton in the hospital closet 40 years later. Proc. Nutr. Soc.
2016, 75, 199-211. [CrossRef] [PubMed]

Contreras-Bolivar, V.; Sanchez-Torralvo, FJ.; Ruiz-Vico, M.; Gonzalez-Almendros, I.; Barrios, M.; Padin, S.;
Alba, E.; Olveira-Fuster, A.G.; Bolivar, C.; Torralvo, S.; et al. GLIM Criteria Using Hand Grip Strength
Adequately Predict Six-Month Mortality in Cancer Inpatients. Nutrients 2019, 11, 2043. [CrossRef] [PubMed]
Yilmaz, M.; Atilla, ED.; Sahin, F.; Saydam, G. The effect of malnutrition on mortality in hospitalized patients
with hematologic malignancy. Support. Care Cancer 2019, 28, 1441-1448. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

34



Bd 1utrients Py

Article

Oral Nutritional Supplementation Affects the Dietary
Intake and Body Weight of Head and Neck Cancer
Patients during (Chemo) Radiotherapy

Isabela Borges Ferreira 1 Emanuelle do Nascimento Santos Lima !, Paula Philbert Lajolo Canto 2
Cristiana Aratjo Gontijo !, Yara Cristina de Paiva Maia ! and Geérgia das Gragas Pena 1*

1 Graduate Program in Health Sciences, School of Medicine, Federal University of Uberlandia,

1720 Para Avenue, 2H, Uberlandia MG 38400-902, Brazil; isaborgesferreira@gmail.com (I.B.F.);
emanuellensl@yahoo.com.br (E.d.N.S.L.); cristianaagontijo@hotmail.com (C.A.G.);
yara.maia@ufu.br (Y.C.d.PM.)

Department of Oncology, Clinical Hospital of Federal University of Uberlandia, 1888 Para Avenue,
Uberlandia MG 38405-320, Brazil; paula.lajolo@oncocentro.com.br

*  Correspondence: georgia@ufu.br; Tel.: +55-34-3225-8584

Received: 8 July 2020; Accepted: 15 August 2020; Published: 20 August 2020

Abstract: Considering the symptoms of (chemo) radiotherapy and the reduction in food intake in head
and neck cancer (HNC) patients, this study aimed to investigate the association between treatment
time points and oral nutritional supplementation (ONS) on dietary intake to estimate the frequency of
energy and nutrient inadequacy, and also to evaluate body weight changes (BWC). Dietary intake data
of 65 patients were obtained from 24-h dietary recalls and prevalence of inadequacy was calculated
before or at the beginning (T0), in the middle (T1), and at the end of treatment (T2). BWC were
calculated as the weight difference considering the previous weight reported and/or measured.
Energy and macronutrient intake decreased in T1 and then improved in T2 (p < 0.001 for both).
Micronutrient intake increased during treatment due to ONS use, but still presented a high probability
of inadequate intake. In particular, calcium, magnesium, and vitamin B6 showed almost 100% of
probability of inadequacy for those who did not use ONS. Finally, overweight patients suffered
a higher weight accumulated deficit with a delta of —15 kg compared to other BMI (body mass index)
categories. Therefore, we strongly recommend initiating nutritional counseling in conjunction with
prophylactic ONS prescription from diagnosis to adjust nutrient intake and minimize weight loss.

Keywords: food consumption; weight loss; malnutrition; dietary supplements; head and
neck neoplasms

1. Introduction

Head and neck cancer (HNC) are the seventh most common malignant tumors in the world [1].
Among the modalities of treatment, chemoradiotherapy (CRT) is related to symptoms such as oral
mucositis, xerostomia, and dysgeusia, which could affect dietary intake [2,3]. Aside from symptoms
resulting from treatment, these patients also have other negative symptoms as the tumor can cause
problems when chewing and swallowing [4], and make eating difficult and painful [5].

These symptoms can cause a reduction in dietary intake [5], and are associated with weight loss
and malnutrition [6,7], worse quality of life [4], infection, higher hospital readmissions, longer length
of hospital stay, and mortality [8]. As a result, a marked change in the consistency of food
consumption by HNC patients has been observed during the treatment period that may interfere with
energy adequacy [5,9] and lead to reduced macronutrient intake. Furthermore, inadequate intake of
micronutrients such as vitamins D, E, C, folate, calcium, iron, and magnesium has been described
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in HNC patients, and oral nutritional supplementation (ONS) has been required in order to achieve
recommended levels [10,11], since micronutrients are important for enzymatic reactions that impact
the metabolism as a whole [12].

According to the United Kingdom National Multidisciplinary Guidelines [13], nutritional support
is an important part of the treatment of HNC patients. Nutritional intervention during treatment is
indicated in order to prevent weight loss, increase food intake, and decrease treatment interruptions.
Thus, when oral nutrition is inadequate, ONS use and tube feeding are indicated. HNC patients who
receive nutritional counseling and use nutritional support show improvement in weight loss, quality of
life and survival [14-17].

Thus, nutritional support of HNC patients including ONS use is important. However, the levels of
both dietary intake and ONS contribution to macro- and micronutrient consumption during treatment
are currently unknown or understudied. Studies in the literature assess the presence of individual
nutritional counseling [18] and use or not of ONS [19] with outcomes such as weight [15,20], quality of
life, mortality, and nutritional status [21]. However, as these variables are abstract, studies that account
for or assist in quantifying the nutrient intake are necessary, since the quantification of consumption is
often neglected in clinical practice and little explored in studies due to the complexity of analysis. Thus,
with this evaluation, it is possible to obtain an assertive nutritional approach. Moreover, most studies
evaluating dietary intake in HNC patients are long-term [10,22], and do not assess the effects and acute
treatment changes presented by these patients.

To the best of our knowledge, this is the first prospective study to evaluate macro and micronutrient
intake during treatment; that is, in the short-term. This is important because it allows dietary nutritional
monitoring to be frequently carried out in order to minimize the possible cumulative losses that the
patient has since the onset of symptoms and which are often not properly valued in these studies.
In addition, there are no data in the literature on the prevalence of inadequate dietary intake in
these patients. It is therefore important to identify the treatment time point at which the impact on
dietary intake is greatest, so that an early assessment of nutritional changes can be made and the
above-mentioned negative impacts minimized through nutritional counseling. Furthermore, it is
possible to minimize weight loss by considering not only nutritional counseling, but the identification
of specific needs, taking care to not neglect patients who do not demonstrate physical malnutrition
so clearly.

We hypothesized that macro- and micronutrient intake was reduced in HNC patients during
treatment. Thus, the aim of this prospective study was to investigate the association between treatment
time points and ONS on dietary intake to estimate the frequency of energy and nutrient inadequacy as
well as to evaluate body weight changes (BWC) in HNC patients during (chemo) radiotherapy:.

2. Materials and Methods

2.1. Study Design and Ethical Aspects

A prospective observational study was carried out with HNC patients during (chemo) radiotherapy.
These patients were recruited from the outpatient treatment of a tertiary university hospital, which was
the regional referral center for HNC patients undergoing antineoplasic treatment in the city of
Uberlandia, Minas Gerais, Brazil, between July 2017 and November 2018. The patients were evaluated
at three time points: before or at the beginning of treatment (T0); in the middle (T1 ~four weeks,) and at
the final treatment (T2 ~eight weeks).

This study was approved by the Human Research Ethics Committee (protocol number
65340116.8.0000.5152) and all participants signed a free and informed consent form. The entire
study was conducted based on the standards of the Declaration of Helsinki [23].
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2.2. Sample Size and Eligibility Criteria

In order to estimate the sample size required for this study, we used G* Power software,
version 3.1 (Heinrich-Heine-University Diisseldorf, Diisseldorf, Germany). Considering a single
group of individuals and three measurements, the sample size calculations were based on an F-test
repeated-measures ANOVA with an effect size of 0.25, an « level of 0.05, and 95% power. The result
of the calculation required a minimum sample size of forty-five patients. So, considering a 20%
adjustment for possible losses, a minimum of fifty-four patients was needed at baseline (T0).

The inclusion criteria were patients aged 18 years or older, diagnosed with primary malignant
tumors in the head and neck region who were undergoing radiotherapy (RT), chemotherapy (CT),
or a combination of these modalities, with or without surgery, independent of tumor stage, and were
invited to participate. Patients were considered to be TO when treatment had not been initiated or at the
beginning of treatment, before presenting collateral effects. Patients with metastasis at TO or who had
been previously treated with RT and/or CT for other types of cancer in the last 10 years were excluded.

During the study period, 140 patients were approached, 25 declined to participate, and 24 did not
meet the inclusion criteria, resulting in 91 patients (60 patients with complete dietary intake data in TO0).
Of the 91, two died, 16 lost follow-up, and three refused to continue in the study, totaling 70 patients
in T1 (56 patients with complete dietary intake data in T1). Considering the total participants in T1,
one died and six lost follow-up, totaling 63 patients in T2 (53 patients with complete dietary intake
data in T2). With respect to patients with complete intake data, five patients were included only at T1
and T2 and nine patients were included only at TO and T2, resulting in 65 patients with a complete
dietary assessment.

2.3. Demographic, Clinical, and Nutritional Assessment

Characteristics such as age (years), sex (female/male), clinical diagnosis, tumor site, tumor stage
by American Joint Committee on Cancer—-AJCC [24], treatment schedule, ONS or gastric or enteral
tubes use and nutritional counseling were obtained from an initial structured questionnaire and
medical records.

Height and body weight were measured at three study time points using standard protocols [25]
and weight at six (habitual weight) and one month ago was self-reported. Body Mass Index (BMI)
was calculated as body weight (kg)/height (m?) for assessment and classification of nutritional status.
The patients were classified into three groups based on the World Health Organization criteria of
underweight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), and overweight (>25.0 kg/m?) [25].

BWC were calculated as the weight difference considering the weight for six months
(habitual weight) and one month self-reported before treatment, and measured at the three time
points of the study (TO, T1, and T2). BWC calculation considering five points (two points before
treatment and the three treatment time points): BWC Tgp,, = 0; BWC T1po = weight for 1 month —
habitual weight; BWC TO = weight TO — habitual weight; BWC T1 = weight T1 — habitual weight;
BWC T2 = weight T2 — habitual weight. To calculate the habitual BMI, weight for six months
(habitual weight) was used and height was measured at T0. BWC calculation considering three points
(the three treatment time points): BWC TO = 0; BWC T1 = weight T1 — weight TO; BWC T2 = weight T2
—weight T0. To calculate the BMI at T0, the weight and height measured at TO were used.

2.4. Dietary Assessment

Dietary and ONS intake data were obtained from 24-h dietary recalls (24HR) applied at three
study time point (T0, T1, and T2). At each time point, the first 24HR was applied in person and other
two by telephone interview on non-consecutive days including weekend days, in order to record the
eating habits of the study participants more precisely, ideally totaling nine 24HRs for each patient.

Data were collected using the United States Department of Agriculture Multiple-Pass Method,
which guides the respondent to respond to 24HR in five steps [26]. ONS intake was calculated using
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the manufacturers’ labels in order to include all nutrients coming from this source. The same process
was used for patients who were given nutritional therapy by tube feeding. Since the patients can use
different brands of the ONS, depending on the chosen manufacturer, the quantity and brand labels
were properly registered in order to provide complete accounting of nutrient supply.

The following nutrients were analyzed using 24HR: total energy (kcal), carbohydrate (g), protein (g),
lipid (g), dietary fiber (g), monounsaturated, polyunsaturated and saturated fats (g), total cholesterol
(mg), thiamine (mg), riboflavin (mg), niacin (mg), vitamin B6 (mg), vitamin C (mg), iron (mg),
magnesium (mg), zinc (mg), calcium (mg), phosphorus (mg), manganese (mg), potassium (mg),
and sodium (mg). Nutrient content was estimated by Dietpro software, version 5.8.1 (Dietpro Vigosa,
MG, BR), using, for preference, the Brazilian Table of Food Composition [27]. For foods not found in
this table, the United States Department of Agriculture [28] table was used. Nutritional content from
food or supplements not found in the software’s tables were added based on their labels.

Energy and nutrient values were adjusted for intra-individual variability due to intrinsic dietary
intake variability, in order to obtain an individual consumption estimate of energy and nutrients
using the Personal Computer version of the Software for Intake Distribution Estimation (PC-SIDE)
(Department of Statistics, lowa State University, lowa, USA), following the methodology described
by Nusser et al. [29]. Subsequently, these were adjusted by the residual method for the sample total
energy in order to adjust nutrient estimates [30].

Prevalence of inadequacy was calculated by the Estimated Average Requirement (EAR) method
as a cut-off point [31]. The Z value was calculated ((EAR—average intake)/standard deviation)) and
the Z table curve was consulted to verify the corresponding percentage of individuals with intakes
below EAR. For this evaluation, the values of energy and nutrients adjusted only for intra-individual
variability were used.

For fiber, manganese, potassium, and sodium, for which there are no established EAR values,
an intake comparison was made with their respective adequate intake (AI) values. When these
nutrients showed an intake above Al, adequacy regarding tolerable upper intake level (UL) was
verified. Macronutrient distribution to total energy value was analyzed using acceptable macronutrients
distribution range (AMDR) values as a reference [32].

For energy (25 kcal/kg/day) and protein intake (1 g/kg/day), the European Society for Clinical
Nutrition and Metabolism (ESPEN) recommendations were used as reference values [33] to understand
whether individuals are capable of achieving the recommended minimum levels of intake of these
macronutrients. For cholesterol and monounsaturated, polyunsaturated, and saturated fats, we used
the recommendations of the Food and Agriculture Organization of the United Nations [34].

2.5. Statistical Analyses

Variable distributions were evaluated by the Kolmogorov-Smirnov test. Descriptive statistics
were shown in percentage, mean, and standard deviation to describe the characteristics of the
investigated population.

Generalized estimating equations (GEE) models were used to determine the association of
treatment time points (T0, T1, and T2), ONS use and treatment time points, and ONS interactions
(independent variables) with nutrient consumption (dependent variables). GEE is a method that
considers the association between different observations in the same individual in prospective studies,
performing a better evaluation of repeated-measures data [35]. The gamma, linear, or Tweedie
distribution models were individually tested for all outcomes. Lower quasi-likelihood under the
independence model criterion (QIC) was observed in the gamma with the log-link model, and was
chosen for GEE analysis. The Bonferroni post-hoc test was used to adjust for multiple comparisons.
Type of treatment, sex, age (years), tumor site, and stage were considered as confounders.

ONS use was grouped in order to be evaluated as an exposure in the GEE models. Since the ONS
can be indicated at the beginning, middle, or final treatment, the individuals were categorized according
the frequency of ONS use by time points: individuals who used ONS 2/3 times (higher frequency of
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use) and those who used ONS 0/1 time (no or lower frequency of use). This strategy was also used to
fix this exposure to analyze the longitudinal effect of ONS use on the dietary intake. For statistical tests
not performed by GEE, the individuals were categorized into “with ONS” or “without ONS” at each
treatment time point. Confidence interval (CI) of 95% and p-value < 0.05 were considered as levels
of statistical significance. All data were analyzed using Statistical Package for Social Sciences (SPSS),
version 25.0 (SPSS Inc., Chicago, IL, USA).

3. Results

Of the 65 patients, the mean age was 59.8 + 10.1 years, 53 (81.5%) patients were male, 26 (40.0%)
had a tumor in the larynx, followed by oral cavity 21 (32.3%), and pharynx 14 (21.5%). The majority of
patients were at an advanced (T3-T4; 58.4%) stage of cancer. Among the treatment types, most prevalent
were CRT 33 (50.8%) and RT 16 (24.6%) (Table 1). Antineoplasic treatment lasted approximately eight
weeks with a daily RT session from Monday to Friday, totaling 38 to 40 sessions. According to the
institutional protocol, patients underwent RT with a total final radiation dose of 70 or 72 Gy with daily
doses of 180 or 200 cGy. Mean =+ standard deviation of the number of RT sessions performed by the
study patients was 1.58 + 2.3 at time T0, 20.27 + 3.7 at time T1, and 36.27 + 3.7 at time T2. For patients
undergoing CRT, the protocol consisted of weekly cisplatin during the radiotherapy course.

Table 1. Clinical characteristics of patients.

Total Sample Analyzed Sample
Variables _ - _ TO (n = 60), T1 (n = 56), T2 (n = 53)
TO (n =91), T1 (n = 70), T2 (n = 65) 1 (%) or Mean + SD
Age (years) 60.6 +10.9 59.8 +10.1
Sex, male 70 (76.9) 53 (81.5)
Underweight patients by BMI
T0 16 (18.0) 9 (13.8)
T1 16 (23.9) 14 (23.3)
T2 16 (25.0) 13 (22.0)
Normal weight patients by BMI
T0 43 (48.3) 31 (47.7)
T1 35 (52.2) 30 (50.0)
T2 35 (54.7) 33 (55.9)
Overweight patients by BMI
TO 30 (33.7) 25 (38.5)
T1 16 (23.9) 16 (26.7)
T2 13 (20.3) 13 (22.0)
Oral nutritional supplements use
TO 32(35.2) 18 (30.0)
T1 47 (67.1) 35 (62.5)
T2 47 (72.3) 36 (67.9)
Gastric or enteral tubes
TO 10 (11.0) 4(6.1)
T1 14 (20.2) 13 (20.9)
T2 11 (17.2) 10 (17.0)
Nutritional counseling
TO 20 (22.0) 12 (18.5)
T1 44 (63.8) 38 (61.3)
T2 44 (67.7) 41 (68.3)
Tumor site
Oral cavity 2 30 (33.0) 21 (32.3)
Nasal cavity 4(44) 3 (4.6)
Larynx 32(35.2) 26 (40.0)
Pharynx P 22 (24.2) 14 (21.5)
Other © 3(3.3) 1(1.5)
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Table 1. Cont.

Analyzed Sample
. Total Sample _ _ _
Variables TO (n = 60), T1 (n = 56), T2 (n = 53)
TO (n =91), T1 (n = 70), T2 (n = 65) 1 (%) or Mean + SD
T Stage
T1 8 (8.8) 8 (12.2)
vl 21 (23.1) 17 (26.1)
T3 28 (30.8) 21 (32.3)
T4 28 (30.8) 17 (26.1)
TX 4(44) 2(3.1)
Not specified or unknown 2(2.2)
N Stage
NO 38 (41.8) 30 (46.2)
N1 19 (20.9) 17 (26.2)
N2 18 (19.8) 11 (16.9)
N3 8(8.8) 4(6.2)
NX 6 (6.6) 3 (4.6)
Not specified or unknown 2(2.2)
M Stage
MO 55 (60.4) 40 (61.5)
M1 4(4.4) 2(3.1)
MX 26 (28.6) 20 (30.8)
Not specified or unknown 6 (6.6) 3(4.6)
Clinical Stage
1 8(8.8) 8(12.3)
il 13 (14.3) 10 (15.4)
il 24 (26.4) 19 (29.2)
v 42 (46.2) 28 (43.1)
Not specified or unknown 4 (4.4)
Mode of treatment
Radiotherapy 21 (23.9) 16 (24.6)
Surgery and radiotherapy 10 (11.4) 10 (15.4)
Chemoradiotherapy 37 (42.0) 33(50.8)
Surgery and chemoradiotherapy 7 (8.0) 6(9.2)
Chemotherapy 1(1.1)
Surgery 5(5.7)
Other 4 7 (8.0)

Abbreviations: BMI, body mass index; SD, standard deviation; Treatment time points: T0, before or at beginning of
treatment; T1, middle of treatment; T2, final of treatment. ? tongue, mouth floor, and lip; ® hypopharynx, oropharynx,
and nasopharynx; © jaw, cervical and parathyroid; 4 Loss of follow-up before starting treatment.

Regarding nutritional status performed by BMI, the frequency of underweight increased in the
middle 14 (23.3%), and at the end of treatment 13 (22.0%), and overweight decreased in the middle 16
(26.7%) and at the end of treatment 13 (22.0%), both compared to before treatment. ONS use increased
during treatment (Table 1).

The association of treatment time points and group of ONS use on energy, macro-,
and micronutrient intake is shown in Table 2. In general, there was a significant reduction in energy
(p < 0.001), macronutrients (p < 0.001), and cholesterol (p < 0.001) intake from the beginning (T0) to
the middle of treatment (T1), with the increase at the end of treatment (T2). In addition, those who
used ONS 2/3 times consumed more protein and less polyunsaturated fat (1.32 g/kg/day and 16.95 g,
respectively) than those who used ONS 0/1 time (1.18 g/kg/day and 19.32 g, respectively) at all treatment
time points, with a difference of +0.14 g/kg/day for protein (p = 0.031) and —2.37 g of polyunsaturated
fat (p = 0.005). For micronutrients, except for niacin and vitamin C, an increase in intake from the
beginning (T0) to the middle of treatment (T1) was observed and the values were maintained at the end
of treatment (T2). The use of ONS 2/3 times increased intake of all micronutrients, except potassium
and sodium (Table 2).

40



Nutrients 2020, 12, 2516

, 960 08°0 8T U1 0t PIT , 280 L0 ] 90 980 80 o o
B0 eoer 090c wet tost srel 9ste AP0 zogr ooz B0 cos6l q98uL 1g0T (8) roqrd
. & 20 00T 150 120 07’0 80 €0 €20 90 70
X 0> Sur) uox
S0y 88 61T <8 08 9L 600 czor .y 1000 6101 4866 L9LL (Bun) vory
ro  OVSL 0619 0LLS T 6ESF  GO9T o 9508 UG . GFTS vz 57 () s
0599  €9°€89  €FII6  6C€S9 97009  69°86E 065808 94795 (6818 qOLTLL o TE6SF
. s6€c 16l ISPl OFFL  ISIZ 2841 . sl esTl 8091 P 6871
0> Sur) [01938970
000 cpeor  erpor secer ce9el  wust weter 0 seae sose 000 SF6E9T qOT96T o 1S'68T (Bun) ossaroud
/0 60 190 950 120 850 250 70 650 50 60
! X 0> 3) yejy pajeinje
810 o6zc  scor oger  west st evee 00 e svor 000 2691C  qST6T 2052 (3) 3oy poremies
260 60 L0 690 01 P 690 20 0L0 30 980
y X 0> 3) 107 pajenjesunAo,
%0 ygor  geel esEl 091 el seer 00 ggar Lzger 000 L2081 QSFST ceerg () paemEsmnAled
: : : . : : : : : ; : .
10 <80 840 150 750 920 1£0 010 750 60 00> 650 860 £50 )1y
071 SPST 9gSl syl 0T0c  LIe ovLL e8I R QTIPS 268702 pojeImIESUNOUO
8 10c 61 el 91 oL gL 801 91 00T £01
. y 0> 3) sprdr
Y0 9rz9  ogg9 9509 eses  stss  soer SOV gru9 gggg  MO00 L1€'99 4 TF09 o ETLL (@) sprdr1
800 9070 900 <00 600 900 200 500 900 00 9070
. . 0> Kep/3: u19301
o0 W w 8T 0T 66T 6 00 zer Lerp 1000 P IET 0T'T FET  (Aep/BY/8) w01
07T 201 891 8t T Ve 65T 1 oL 1 191
| | 0> 3) urej01,
L0 rees ez 1s1L 9569 1wss wres M0 egog ogw 000 L8008 A EF0L . 17'88 (8) uioag
8% be's 0% v 69°¢ 867 I e e or'e 98¢
" " 0> 3) ayeapAyoqre
%20 orerr ueere g0 essor ssber svoze 00 oy igwee 000 JSO9FT  qTLFOT o LEOST (8) areaphyoqred
07T Wt 161 et e 51 ¢ 0T 61 1 W
: g 0> Ae oY) AS1oUr
680 epoe  wrse seve 1w oot sce V0w e P00 V6L agver  egogg PPV MBeug
cc86 /69  ITI6  6L18  SFLIT S000T w9l IceL ) 08'99 res
. : 0> o) AS10Ur
SO Grogst  best sozist 9ocost  peoost  coesst 00 sgeost ozzor Y07 Lgop0ST q€OTIST e SS6Z8T (e ABsougg
(6c=u) ([Fc=u) (0e=u) (9z=u) (8T=u) (€=U g=u) (8=u)
o sewqp ewnp  sowyp  owyp  Sowyp  dwi . IeRaQ (a0 . es=m)  ©s=w)  (09=wu)
MEA? roNO LOSNO  €2ZSNO TOSNO €2SNO LosNO  TAY guwpy  owy  OPA 7L L oL 45 ued|
A8 IL 0L €/ZSNO  T/0 SNO sa1qepen Juapuadaq

uonejuaw[ddng euonNN [eIQ YIIM SJUTOJ SWI], JUIWILdI],
pue ‘vonejudwajddng reuon NN [EIQ ‘SJUTOJ JWIL], JUdUI}edI] —SI[qeliep judapuadapuy

‘Aderayyorper (oweyd) Surmp

syuaryed 1ooUEd Mdou puk pesy UI aYEjurl JUSLHNUOIIIW pue ‘~o1eur ‘A81ous uo uonejuawa(ddns [euonrnnu [ero pue syurod awr jusur}ear) JO UOHRIIOSSY T d[qeL,

41



Nutrients 2020, 12, 2516

‘[eg] Aep/Sx/urerord 8 1 pue Aep/3/[edy G :OLIUT PIPUSWWOST WINWITUTU
10§ 201 |, “(691 = 1) sjurod Swy Juswear) 221 A3 Jo ASerdAe 3y Suguasardar sanfea ejep Juaned (210} By} ST GNO [[BI9AQ "PIO] Ul UMOYS S]99)J9 [2POU JO S)$3) JuedyIusig
'G0°0 > d ‘suostredwod astmired UI () 20US1JTP [ednsie)s Juasardar s1opa jdusiadns juaragi 389} 20y-3sod ruoriajuog ‘ade)s pue ‘a31s 1owny ‘xas ‘9e ‘Juawjear) :pajsnipe
‘[opow suoryenbs Sunewmss pazijerousn) [pg] Aq pasodoid ‘poew fenprisar Aq uondumsuod £31ous 1303 105 paysnlpy ‘[6z] Aq pasodoxd “Ayiqerrea renprarpur-enur 105 pajsnlpy
Juaujeal) Jo [eury ‘gL YUSU}ear) JO S[PPIU ‘T Juawear) Jo Suruurdaq je 1o 9105aq ‘0], :syurod auwr) Jusurjeai], 0L prepuels ‘gq ‘uonejuswaiddns [euonnnu [e1o ‘GNQ SUOHRIAIGY

. 760 090 890 190 290 150 . 290 9€°0 . 50 o L¥0 Qu) sur
6000 68FL  GSITL  q8TTT  q€0TL  qo6STl  qeobel 000 urer Loerr 00 871 6S'TT 0521 (3w urz
. [ 88'6 FO'TL 9TL 4001 196 . 0T'6 454 . 9L 759 16 Q) ~ uret
7680 ££°601 ST6L €51l £TT8 676 £6'€9 1000 qOFF0L o292 <00 87’16 ¥9'96 S8/L (B 5 upureara
800 900 600 900 900 $0°0 90°0 $0°0 S0°0 S0°0 €00
. 0> 0> Sw urwey,
9210 oLl 20 pae /0 890 150 100°0 4960 890 100°0: 4960 4860 L 660 (8u) 9g urureyipy
600 900 800 900 900 00 900 $0°0 90°0 S0°0 $0°0
’ 0> 10> Swr) surnwer
8600 091 STl er1 €01 60'1 €60 1000 q€E'T 2901 1000 SLET qIT1 e 10T (Jun dumrery
7186 09°€6 IrH6 89'68 9FelL SLLL 69'e8 TS SLLL $8'89 LS°6L
. . 0> Sur) wmrpo
VL0 gcorir  cruest  gcwosr  eresve 88108 eseoce 00 go999r  ersese 000 500FLLT  qS6'€6EC o 16TLIE (3w vmepos
010 600 800 900 800 500 £0°0 $0°0 90°0 S0°0 $0°0
! 0> 10> Swr) uraepgoqr
€680 841 6L'1 191 or't [4N8 080 1000 q6€1 e 10T 100 qLE1 q6CT 0 S6°0 (3w waeroqry
0970 ST EE0ET 8¥ZZl 8826 V6 LET 61T 1910 6406 8L68 5000 L6 964 S€001 (Sw) wnisseiog
1€T6LE  9€'9F9E  8TSLSE  €9TTEE  6L'I99E  0T'SEIE 81'6/9¢  ¥h1gSe qCIBILE o 6G9FFE  qu LI'SFIE
. (A 950 880 640 880 0£0 . €9°0 €70 . 170 850 L850 Su) Ut
£900 or1 2661 891 80F1 6G'ST Gl 6roo qSL9L L €0ST 0eto 0591 861 Sest (S0 eIy
91’0 ST0 FT°0 0r°0 Tro 600 0T'0 80°0 110 600 80°0
X X 0> Sur) asoueSue
€00 q¥sT »q0€T q8FC /8T e P81 oLl 1o q9TT 0 L6'1 1000 qTbT qSI'T 2 081 (3w W
00F1 6911 79l FLOL g9l 186 0TTI 8L 69'6 766 $L8
N . 0> 3w wnisaugde
€500 90'99¢  S89¢C  LTS8T  TEeLC  OLBIT  T6'90C soo'o q98%FST L €0°TTT 1000 q€0°1SC q0F'TsT e PP TIT (duw vamg W
. . . . . . 86°0¢ . . . )
160 8¥'ee 86'GE S87E 6942 0y (4544 1000 . 651 100°0> Luee wt 99%C (S snoydsoyy
0TT8IL  #8FL01  1TS60L  ¥LTH6  €49S01 92096 ororrr  © L5066 qFCLIIL  28GSI0L o FEL00T
6T=w) (Fz=uw) (0e=u) (9z=u) (8T=u) (Te=1) 8=u (8=mu)
sauwiLy, owILy sowrty, oy, sawty, ouuly, " [e12AQ  [[eIdAQ Snren-d (€S = u) (95 = u) 09 = 1)
€/CSNO T/0SNO €/cSNO T/OSNO €/2SNO T/0 SNO TeA sauury, surry, [EA L IL oL 4S uesy
A L 0L €/ZSNO  1/0 SNO sa1qeren Juapuadaq

uonejuawa[ddng [euonIINN [EIQ YIM SJUTOJ SWIL], JUSWI}eal],
pue ‘uonejuswajddng [euonLNN [EIQ ‘SIUTO] W], JUdW}edl]—sd[qeriep juapuadapuy

J10D) *g AqeL

42



Nutrients 2020, 12, 2516

Percentage and prevalence of energy and nutrient inadequacy is shown in Table 3 for
macronutrients and Table 4 for micronutrients. In general, a high percentage and prevalence of

inadequacy was observed for energy and nutrient intake, especially in patients who did not use ONS.
Macronutrients with the highest percentage of inadequacy according to AMDR were carbohydrates,
followed by lipids, monounsaturated fats, and saturated fats. Moreover, even using ONS at T1,
protein (grams), lipids, monounsaturated, polyunsaturated, and saturated fat intake presented a high
percentage of inadequacy.

Table 3. Percentage of macronutrient inadequacy, protein in g/kg/day, energy in kcal/kg/day,
and mean values and standard deviation of cholesterol intake in head and neck cancer patients

during (chemo) radiotherapy.

Percentage of Inadequacy 1 (%)

TO T1 T2
Energy and Nutrients Without With Without With Without With
( T"_‘Z:)) ONS ONS T°_’;lﬁ) ONS ONS (:3‘;13) ONS ONS
"= =42 (=18 " (n=21) (=35 = n=17)  (n1=36)
Energy (>25 keal/kg/day)® 16 (267) 13(31.0)  3(167)  23(434)  10(50.0) 13(394) 11(212) 8(@47.1)  3(8:6)
Carbohydrate (45-65%) @ 35(583) 26(61.9) 9(500)  31(554) 13(619) 18(514) 27(50.9) 10(588) 17 (47.2)
Protein (10-35%) 36500 3(71) 0(0.0) 3(5.4) 0(0.0) 3(8.6) 000 000  0(0.0)
Protein (>1 ghkg/day)®  7(117)  6(143)  1(.6)  16(302)  8(40.0)  8(242)  4(77) 4(235)  0(00)
Lipids— 20-35%) @ 32(533) 23(548) 9(50.0)  31(554) 11(524) 20(57.1) 20(37.7) 10(588) 10 (27.8)
Mo“"(‘]’;‘f;‘(‘)‘j/r)aﬁed fat  57050) 39(929) 18(100.0) 56(100.0) 21(100.0) 35(100.0) 52(981) 16(%41) 36 (100.0)
Polyunsaturated fat 26 (4 20 (47 25 (44 5 457 29 (41 7
1% 6(433) 20(476)  6(33.3) 5(446)  9(429) 16 (457) (415 8@71)  14(38.9)
Saturated fat (< 10%) ¢ 38 (633) 26(619) 12(667)  35(625) 12(57.1)  23(657) 29(547) 10(588) 19 (52.8)
Cholesterol (<300 mg) ¢ 294.1 2824 3216 199.3 200.6 1985 269.9 270.8 269.5
Mean SD 90.3 742 117.9 717 54.8 81.0 117.6 107.4 123.5

Treatment time points: TO, before or at beginning of treatment; T1, middle of treatment; T2, final of treatment;
ONS, oral nutritional supplementation: without or with use; * AMDR, acceptable macronutrient distribution
range [32]; b Reference for minimum recommended intake: 25 kcal/kg/day and 1 g protein/kg/day [33]; © [34].

Cholesterol intake should be minimized while consuming a nutritionally adequate diet.
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In Table 4, we observed that even though there was an increase in micronutrient intake during
treatment with ONS use (Table 2), it was not enough to ensure adequacy compared to EAR. Inadequacy
prevalence was lower in those who used ONS compared with those who did not. However, a high
prevalence of inadequacy was observed, mainly for calcium, magnesium, and vitamin B6 intake,
which was almost 100% for those who did not use ONS. Compared with Al, male patients presented
a higher percentage of values below the recommended levels for fiber and manganese intake.

Regarding the initial nutritional status (six months before the treatment), the patients suffered
negative mean BWC, and the overweight patients suffered a higher weight accumulated deficit with
a delta of —15 kg (Figure 1A). Furthermore, those who used ONS showed less weight loss, except of
the overweight patients (Figure 1B).

There was a decreasing trend of energy (kcal/kg/day, Figure 2A—C) and protein intake (g/kg/day,
Figure 2D-F) comparing the underweight with overweight patients regardless of ONS use. Only the
underweight group with and without ONS use showed an important difference considering the energy
in T1 and protein consumption in T2 (Figure 2B,F).
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Body weight changes (BWC, kg)

Body weight changes (BWC, kg)
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4. Discussion

A significant reduction in energy, macronutrients, and cholesterol intake at the middle of treatment
(first month) and the return of these consumption levels at the end of treatment (second month) were
observed. Regarding micronutrients, the majority of patients increased their intake from the beginning
to the middle of treatment and the values were maintained until the end due to ONS use. However,
energy, macro-, and micronutrient inadequacy prevalence was high in all time points, especially in
patients who did not use ONS. Finally, overweight patients suffered a higher weight accumulated
deficit compared to other BMI categories. In general, those who used ONS showed less weight loss,
except for overweight patients, and only the underweight group with and without ONS use showed
an important difference considering the energy in T1 and protein consumption in T2.

Recent studies in the literature have evaluated dietary intake after treatment (long-term), but not
during the treatment. They assessed at diagnosis and post induction chemotherapy, after RT, from one
and three months after the end of treatment [22], or at baseline and post-treatment (after 4-6 weeks of
RT and/or CT, and follow-up (8-10 weeks after completion of treatment) [10]. The difference in our
study is that we identified the treatment time points at which there was the greatest impact on dietary
intake and showed the high prevalence of the inadequacy of energy and nutrients (short-term). This is
important because the greater impact during treatment can cause negative consequences that can be
predicted if the patient is monitored, even if the decrease in food intake and weight values is expected.
In addition, we used GEE modeling to estimate not only the effects of treatment time points on dietary
intake, but also the contribution of ONS on nutrient intake. Besides the lack of studies on dietary
intake and HNC in the literature, there is also no data on the prevalence of inadequacy. These data are
important to assess whether the amounts of micronutrients ingested are sufficient. This can contribute
to an adequate nutritional approach and may reduce the risk of adverse health outcomes in these
patients, since, as evidenced in this study, even having increased the intake of micronutrients with
ONS use, patients consumed micronutrients in quantities below the recommendation. Furthermore,
to the best of our knowledge, no study has adjusted for intra-individual variability of values related
to energy and nutrient consumption in order to better estimate individual intake, as suggested by
Nusser et al. [29]; nor have they adjusted for the total energy of the sample by the residual method
due to the association between energy and most nutrients, as recommended in the literature [30].
Thus, the studies that evaluated the food intake of patients with HNC have not performed these
necessary analyses.

As symptoms presented by HNC patients such as xerostomia, dysgeusia, dysphagia, mucositis,
and thick saliva [36,37] can limit oral intake [22] and lead to changes in food consistency, our results
for macronutrients were expected. A lower macronutrient intake is expected when patients opt for
pasty, liquid, or mild food [9], impacting in particular fiber content. Additionally, an increase in intake
of soup and foods prepared with milk has been reported [10,36]. The same decreased intake seem in
studies that assessed the dietary intake in the long-term (at diagnosis, post treatment, and follow-up)
have found a reduction in energy and protein intake in HNC patients [7,22]. Adequate protein intake
can minimize the severity of oral mucositis in patients with HNC undergoing RT due to the ability of
protein to maintain integrity or repair mucosal lesions [38]. On the other hand, a low protein intake
can increase the risk of fatigue and mortality in advanced cancer patients undergoing CT [39].

Cancer patients present impaired macronutrient metabolism due to systemic inflammation,
which can lead to altered protein turnover, loss of fat and muscle mass, increased production of
acute phase proteins, insulin resistance, glucose intolerance, and increase or maintenance of lipid
oxidation capacity [33]. Therefore, impairment of these metabolic pathways has a negative effect
on clinical outcome and macronutrients are needed for bodily maintenance and better response to
treatment. However, in this study, although patients who used ONS consumed more protein than those
who did not, protein intake in grams presented a higher percentage of inadequacy at T1. Therefore,
nutritional intervention with complete assessment is extremely important to make changes in the
diet of these patients, avoiding recommendations directed only at increasing energy and protein
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intake without assessing food quality. Furthermore, it is also important to assess the amount ingested
and not only the use or not of ONS, or indicate its use without providing guidance to patients,
because, depending on the severity and if the ONS does not have the amount of proteins necessary to
minimize the impacts, protein modules can be used in order to achieve nutritional requirements as
soon as possible.

Unlike macronutrients, the mean intake of micronutrients increased over the duration of treatment.
This suggests that ONS may have been determinant in increasing micronutrient intake, although not
at a high enough level to ensure adequacy. A high prevalence of energy and nutrient inadequacy
was observed despite ONS use, mainly for calcium, magnesium, and vitamin B6. This reveals that
HNC patients require nutritional intervention with a special attention to the quantification of food
intake in order to estimate possible deficits and achieve adequate levels of macro- and micronutrients
through prophylactic ONS prescription. Previous studies have highlighted the importance of vitamin
B6 as a protective factor against the development of cancer [40], antioxidant effects [41], and increased
immune response [42].

In addition, magnesium participates in energy metabolism, protein synthesis, and plays
an important physiological role in organs such as the brain and heart [43]. In relation to low
micronutrient intake, there is a high prevalence of vitamin D deficiency among HNC patients [44].
This deficiency has been linked to an increased risk of postoperative hypocalcemia in patients
undergoing total thyroidectomy [45]. Low levels of calcium, vitamin E, and folate intake were also
found in patients with HNC [10,44]. So, while adequate levels of some micronutrients can be obtained
from a healthy diet, inadequate dietary intake of others can lead to negative health consequences.

Moreover, our study also showed an increase in ONS usage by time points. In other words,
ONS complements other food intake, being an alternative route to achieving the recommended levels
of micronutrient intake [10]. Recent studies have shown less CRT-related toxicity, better weight
maintenance, and tolerance to treatment with nutritional counseling using ONS [15,19,46].

Although micronutrient intake and ONS use increased during treatment, the number of
malnourished patients also increased and overweight patients decreased between time points. Thus,
a decrease in BMI and an increase in malnutrition led to more ONS prescription and to more frequent
use, since these patients do not use ONS prophylactically. This situation may be due to late diagnosis
or advanced age as well as low dietary intake and treatment side effects.

According to the ESPEN guidelines, nutritional intervention including ONS provision is
recommended to ensure adequate dietary intake, prevent weight loss, and avoid treatment
discontinuation in HNC patients [33]. However, as previously mentioned, the majority of patients did
not receive nutritional counseling at the beginning of treatment and approximately one third did not
receive it at any time point. Thus, nutritional interventions through individualized dietary counseling
can positively influence long-term outcomes related to quality of life and nutritional status [14,21,47].

Similar to other studies [15,16,19], we observed that those who used ONS showed less
weight loss (except of the overweight) and consumed more protein (0.14 g/kg/day). Additionally,
malnourished patients lost less weight, while overweight patients lost more weight, showing that
the initial BMI defines the BWC. An additional finding was an accumulated deficit of weight loss
that was found before the start of treatment. Corroborating these findings, Orell et al. [16] found that
overweight patients lost more weight due to symptoms such as anorexia and nausea. According to the
Aspen Guideline [48], critically ill patients with obesity have greater complications when compared
to patients with normal weight classified by BMI and have an indication for assessment and early
nutritional support. These results are important because they show that there is a significant cumulative
weight loss before treatment and that overweight patients may lose more weight not only due to the
presence of the disease and the symptoms presented, but also because they are not receiving nutritional
counseling according to their needs. Therefore, more attention should be given to overweight patients,
since they are often neglected and have been little explored by studies, despite presenting more mass
and worse deficit.
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Thus, this study showed how much macronutrient intake decreased during treatment and
that, even consuming ONS, micronutrient intake is below that recommended. Furthermore, it also
demonstrated that the patients suffered negative mean BWC and the overweight patients had the
highest accumulated weight deficit. This reinforces the importance of following the Guidelines for
HNC patients [13] in which they guide the weekly consultation with a dietitian during treatment
to obtain better results. Therefore, we strongly recommend that dietary counseling consultations
are routinely provided following cancer diagnosis in order to carry out more specific nutritional
orientations such as food recipes fortified with ONS, which will improve caloric intake and maintain
adequate intake, avoiding a deficit in nutrient consumption that will cause weight loss and increases
in malnutrition, thereby helping the recovery of HNC patients.

This study has some limitations. 24HR was used, and although it is the most accurate tool for
dietary intake analysis, it may present a memory bias because it depends on an individual’s ability
to accurately recall their food intake. However, in order to minimize this limitation, interviews were
conducted by trained dietitians and there was standardization at the time point of collection of 24HR
as well as the use of the multiple pass method and typing in order to obtain more reliable results.
Moreover, nutrient intake was adjusted for intra-individual variability and for energy intake in order
to present intake estimates as precisely as possible. Finally, we did not separate ONS from enteral
nutrition because there was no difference in consumption. Therefore, what was consumed in both
systems was evaluated.

The study also has strengths. It evaluates the short-term impact on dietary intake, which is during
treatment, and assesses the prevalence of inadequate micronutrient intake. This is clinically important
since we can minimize negative health outcomes such as malnutrition, delay in post-treatment recovery,
longer convalescence, and other long-term impacts such as decreased quality of life and mortality.

5. Conclusions

Head and neck cancer patients showed energy and macronutrient intake decreased at the middle
of treatment and the increased micronutrient intake due to ONS use. Despite this, the prevalence
of inadequate energy and nutrient intake, particularly for calcium, magnesium, and vitamin B6
was high in all time points even with ONS use, but proved worse for those who did not use ONS.
Furthermore, overweight patients suffered a higher weight accumulated deficit compared to other
BMI categories. Patients on ONS showed a lower weight deficit. Therefore, we strongly recommend
initiating nutritional counseling from diagnosis to optimize macronutrient intake in conjunction with
prophylactic ONS prescription to adjust micronutrient intake and minimize the weight loss, making it
possible to prevent worse prognosis and nutritional status.

Author Contributions: Conceptualization, I.B.F,, E.d.N.S.L., Y.C.d.PM., and G.d.G.P; Formal analysis, I.B.F,,
ENS.L, CAG, Y.C.dPM, and G.d.G.P; Investigation, I.B.F and E.N.S.L.; Writing—original draft preparation,
LB.E,ENS.L, PPLC, CAG, Y.C.dPM, and G.d.G.P.; Writing—review and editing, .B.F,, EN.S.L., PPL.C,,
C.A.G, Y.C.d.PM,, and G.d.G.P,; Visualization, L.B.F. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Acknowledgments: We are grateful to all volunteers who participated in this study. We also would like to thank
the Coordination of Improvement of Higher Education Personnel (Coordenagao de Aperfeicoamento de Pessoal
de Nivel Superior (CAPES), Brazil for their support with the publishing fee.

Conflicts of Interest: The authors declare no conflict of interest.

51



Nutrients 2020, 12, 2516

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Wild, C. World Health Organization World Cancer Report 2014 (ePUB); World Health Organization: Geneva,
Switzerland, 2014; Volume 7, pp. 418-419. [CrossRef]

Dechaphunkul, T.; Martin, L.; Alberda, C.; Olson, K.; Baracos, V.; Gramlich, L. Malnutrition assessment in
patients with cancers of the head and neck: A call to action and consensus. Crit. Rev. Oncol. Hematol. 2013,
88, 459-476. [CrossRef] [PubMed]

Bressan, V.; Stevanin, S.; Bianchi, M.; Aleo, G.; Bagnasco, A.; Sasso, L. The effects of swallowing disorders,
dysgeusia, oral mucositis and xerostomia on nutritional status, oral intake and weight loss in head and neck
cancer patients: A systematic review. Cancer Treat. Rev. 2016, 45, 105-119. [CrossRef] [PubMed]
Garcia-Peris, P.; Paron, L.; Velasco, C.; de la Cuerda, C.; Camblor, M.; Breton, I.; Herencia, H.; Verdaguer, J.;
Navarro, C.; Clave, P. Long-term prevalence of oropharyngeal dysphagia in head and neck cancer patients:
Impact on quality of life. Clin. Nutr. 2007, 26, 710-717. [CrossRef] [PubMed]

Kenway, N.; Leung, S.F,; Johnson, P.J.; Woo, J. Nutritional Consequences of Radiotherapy in Nasopharynx
Cancer Patients. Nutr. Cancer 2004, 37-41. [CrossRef]

Langius, J.A.E.; Kruizenga, H.M.; Uitdehaag, B.M.J.; Langendijk, J.A.; Doornaert, P.; Leemans, C.R,;
Weijs, PJ.M. Resting energy expenditure in head and neck cancer patients before and during radiotherapy.
Clin. Nutr. 2012, 31, 549-554. [CrossRef]

van den Berg, M.G.A.; Rasmussen-Conrad, E.L.; Gwasara, G.M.; Krabbe, PEM.; Naber, A.H.J.; Merkx, M.A.
A prospective study on weight loss and energy intake in patients with head and neck cancer, during diagnosis,
treatment and revalidation. Clin. Nutr. 2006, 25, 765-772. [CrossRef]

Marshall, K.M.; Loeliger, J.; Nolte, L.; Kelaart, A.; Kiss, N.K. Prevalence of malnutrition and impact on clinical
outcomes in cancer services: A comparison of two time points. Clin. Nutr. 2018, 1-8. [CrossRef]

Chavoni, R;; Silva, P.; Ramos, G. Diagnoéstico nutricional de pacientes do servico de cabega e pescoco e sua
relagao com a disfagia em um hospital oncolégico do Parana. Rev. Bras. Cir. Cabeca Pescoco 2014, 43, 35-41.
Nejatinamini, S.; Kubrak, C.; Alvarez-Camacho, M.; Baracos, V.E.; Ghosh, S.; Wismer, W.V.; Mazurak, V.C.
Head and Neck Cancer Patients Do Not Meet Recommended Intakes of Micronutrients without Consuming
Fortified Products. Nutr. Cancer 2018, 70, 474-482. [CrossRef]

Medeiras, EP.P.; Martinez, C.E.; Cardoso, S.D.S. Estado Nutricional E Ingestao Alimentar De Pacientes
Com Cancer De Cabeca E Pescoco Submetidos a Tratamento Oncolégico. Arq. Ciéncias Saiide 2016, 23, 43.
[CrossRef]

Kennedy, D.O. B vitamins and the brain: Mechanisms, dose and efficacy—A review. Nutrients 2016, 8, 68.
[CrossRef] [PubMed]

Talwar, B.; Donnelly, R.; Skelly, R.; Donaldson, M. Nutritional management in head and neck cancer:
United Kingdom National Multidisciplinary Guidelines. J. Laryngol. Otol. 2016, 130, S32-540. [CrossRef]
[PubMed]

Ravasco, P.; Monteiro-Grillo, I.; Vidal, PM.; Camilo, M.E. Impact of nutrition on outcome: A prospective
randomized controlled trial in patients with head and neck cancer undergoing radiotherapy. Head Neck 2005,
27,659-668. [CrossRef] [PubMed]

Yang, Y.C.; Lee, M.S.; Cheng, H.L.; Chou, H.Y.; Chan, L.C. More Frequent Nutrition Counseling Limits
Weight Loss and Improves Energy Intake During Oncology Management: A Longitudinal Inpatient Study in
Taiwan. Nutr. Cancer 2019, 71, 452-460. [CrossRef]

Orell, H.; Schwab, U.; Saarilahti, K.; Osterlund, P,; Ravasco, P.; Mikitie, A. Nutritional counseling for head
and neck cancer patients undergoing (chemo) radiotherapy—A prospective randomized trial. Front. Nutr.
2019, 6. [CrossRef]

Kang, W.-X; Li, W.; Huang, S.-G.; Dang, Y.; Gao, H. Effects of nutritional intervention in head and neck
cancer patients undergoing radiotherapy: A prospective randomized clinical trial. Mol. Clin. Oncol. 2016, 5,
279-282. [CrossRef]

Van Den Berg, M.G.A.; Rasmussen-Conrad, E.L.; Wei, K.H.; Lintz-Luidens, H.; Kaanders, ] H.A.M,;
Merkx, M.A.W. Comparison of the effect of individual dietary counselling and of standard nutritional care on
weight loss in patients with head and neck cancer undergoing radiotherapy. Br. |. Nutr. 2010, 104, 872-877.
[CrossRef]

52



Nutrients 2020, 12, 2516

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Cereda, E.; Cappello, S.; Colombo, S.; Klersy, C.; Imarisio, I.; Turri, A.; Caraccia, M.; Borioli, V.; Monaco, T.;
Benazzo, M.; et al. Nutritional counseling with or without systematic use of oral nutritional supplements in
head and neck cancer patients undergoing radiotherapy. Radiother. Oncol. 2017, 126, 81-88. [CrossRef]
Brown, T.; Ross, L.; Jones, L.; Hughes, B.; Banks, M. Nutrition outcomes following implementation of
validated swallowing and nutrition guidelines for patients with head and neck cancer. Support. Care Cancer
2014, 22, 2381-2391. [CrossRef]

Langius, ].A.E.; Zandbergen, M.C.; Eerenstein, S.E.J.; van Tulder, M.W.; Leemans, C.R.; Kramer, M.H.H.;
Weijs, P.J.M. Effect of nutritional interventions on nutritional status, quality of life and mortality in patients
with head and neck cancer receiving (chemo)radiotherapy: A systematic review. Clin. Nutr. 2013, 32,
671-678. [CrossRef]

Arribas, L.; Hurt6s, L.; Taberna, M.; Peiro, I.; Vilajosana, E.; Lozano, A.; Vazquez, S.; Mesia, R.; Virgili, N.
Nutritional changes in patients with locally advanced head and neck cancer during treatment. Oral Oncol.
2017, 71, 67-74. [CrossRef] [PubMed]

WMA World Medical Association. Declaration of Helsinki: Ethical Principles for Medical Research Involving
Human Subjects. Bull. World Health Organ. 2001, 79, 373.

Chafidz, A.; Kaavessina, M.; Al-Zahrani, S.; Al-Otaibi, M.N. AJCC Cancer Stating Manual, 7th edition.
American Joint Committee on Cancer. Available online: https://cancerstaging.org/references-tools/
deskreferences/pages/default.aspx (accessed on 1 January 2018).

World Health Organization. Physical Status: The use and interpretation of anthropometry. In Report of a WHO
Expert Committee; WHO Technical Report Series 854; WHO: Geneva, Switzerland, 1995; Available online:
https://apps.who.int/iris/handle/10665/37003 (accessed on 2 January 2016).

Moshfegh, A.]J.; Rhodes, D.G.; Baer, D.J.; Murayi, T.; Clemens, J.C.; Rumpler, W.V.; Paul, D.R; Sebastian, R.S.;
Kuczynski, K.J.; Ingwersen, L.A ; et al. The US Department of Agriculture Automated Multiple-Pass Method
reduces bias in the collection of energy intakes. Am. J. Clin. Nutr. 2008, 88, 324-332. [CrossRef]
Universidade Estadual de Campinas. TACO Tabela Brasileira de Composicio de Alimentos; Universidade
Estadual de Campinas: Campinas, Brazil, 2011. [CrossRef]

USDA United States Dietetic Association. Dietary Guidelines for Americans; US Department of Health and
Human Services, US Department of Agriculture: Davis, CA, USA, 2010. [CrossRef]

Nusser, S.; Carriquiry, A.; Dodd, K.; Fuller, W. A semiparametric transformation approach to estimating
usual daily intake distributions. . Am. Stat. Assoc. 1996, 91, 1440-1449. [CrossRef]

Willett, W.; Howe, G.; Kushi, L. Adjustment for total energy intake in epidemiologic studies. Am. J. Clin. Nutr.
1997, 65, 12205-1228S. [CrossRef] [PubMed]

Beaton, G.H. Approaches to analysis of dietary data: Relationship between planned analyses and choice of
metodology. Am. |. Clin. Nutr. 1994, 59, 2535-261S. [CrossRef]

IOM Institute of Medicine. Dietary Reference Intakes: Applications in Dietary Planning; 2003; The National
Academies Press: Washington, DC, USA.

Arends, J.; Bachmann, P; Baracos, V.; Barthelemy, N.; Bertz, H.; Bozzetti, F; Fearon, K.; Hiitterer, E.;
Isenring, E.; Kaasa, S.; et al. ESPEN guidelines on nutrition in cancer patients. Clin. Nutr. 2017, 36, 11-48.
[CrossRef]

FAO, Food and Agriculture Organization of the United Nations. Fats and Fatty Acids in Human Nutrition:
Report of an Expert Consultation; FAO Food and Nutrition Paper 91; FAO: Rome, Italy, 2010; Volume 91,
ISBN 9789251067338.

Wang, Y.G.; Fu, L. Selection of working correlation structure in generalized estimating equations. Stat. Med.
2017, 36, 2206-2219. [CrossRef]

Alvarez-Camacho, M.; Martinez-Michel, L.; Gonella, S.; Scrimger, R.A.; Chu, K.P; Wismer, W.V.
Physical symptom burden of post-treatment head and neck cancer patients influences their characterization
of food: Findings of a repertory grid study. Eur. J. Oncol. Nurs. 2016, 22, 54-62. [CrossRef]

Moroney, L.B.; Helios, ].; Ward, E.C.; Crombie, J.; Pelecanos, A.; Burns, C.L.; Spurgin, A.L.; Blake, C.; Kenny, L.;
Chua, B.; et al. Helical intensity-modulated radiotherapy with concurrent chemotherapy for oropharyngeal
squamous cell carcinoma: A prospective investigation of acute swallowing and toxicity patterns. Head Neck
2018, 40, 1955-1966. [CrossRef]

53



Nutrients 2020, 12, 2516

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Zahn, K.; Wong, G.; Bedrick, E.; Poston, D.; Schroeder, T.; JE, B. Relationship of protein and calorie intake to
the severity of oral mucositis in patients with head and neck cancer receiving radiation therapy. Head Neck
2012, 34, 655-662. [CrossRef] [PubMed]

Stobdus, N.; Miiller, M.J.; Kiipferling, S.; Schulzke, J.D.; Norman, K. Low Recent Protein Intake Predicts
Cancer-Related Fatigue and Increased Mortality in Patients with Advanced Tumor Disease Undergoing
Chemotherapy. Nutr. Cancer 2015, 67, 818-824. [CrossRef] [PubMed]

Larsson, S.C.; Orsini, N.; Wolk, A. Vitamin B6 and Risk of Colorectal Cancer: A Meta-Analysis of Prospective
Studies. JAMA 2010, 303, 1077. [CrossRef] [PubMed]

Merigliano, C.; Mascolo, E.; Burla, R.; Saggio, I.; Verni, F. The Relationship between Vitamin B6, Diabetes and
Cancer. Front. Genet. 2018, 9, 1-5. [CrossRef]

Sujol, G.; Docquier, A.; Boulahtouf, A.; Castet-Nicolas, A.; Cavailles, V. Vitamine B6 et cancer: Des données
cliniques aux mécanismes moléculaires. Bull. Cancer 2011, 98, 1201-1208. [CrossRef]

de Baaij, ].H.E; Hoenderop, ].G.J.; Bindels, R.].M. Magnesium in Man: Implications for Health and Disease.
Physiol. Rev. 2014, 95, 1-46. [CrossRef]

Nejatinamini, S.; Debenham, B.].; Clugston, R.D.; Mawani, A.; Parliament, M.; Wismer, W.V.; Mazurak, V.C.
Poor vitamin status is associated with skeletal muscle loss and mucositis in head and neck cancer patients.
Nutrients 2018, 10, 1236. [CrossRef]

Alkhalili, E.; Ehrhart, M.; Ayoubieh, H.; Burge, M. Does pre-operative vitamin d deficiency predict
postoperative hypocalcemia after thyroidectomy? Endocr. Pract. 2017, 23, 5-9. [CrossRef]

Valentini, V.; Marazzi, E; Bossola, M.; Micciche, F.; Nardone, L.; Balducci, M.; Dinapoli, N.; Bonomo, P,;
Autorino, R;; Silipigni, S.; et al. Nutritional counselling and oral nutritional supplements in head and neck
cancer patients undergoing chemoradiotherapy. J. Hum. Nutr. Diet. 2012, 25, 201-208. [CrossRef]

Ravasco, P.; Monteiro Grillo, I.; Camilo, M. Cancer wasting and quality of life react to early individualized
nutritional counselling! Clin. Nutr. 2007, 26, 7-15. [CrossRef]

Choban, P; Dickerson, R.; Malone, A.; Worthington, P.; Compher, C.A. Clinical guidelines: Nutrition support
of hospitalized adult patients with obesity. ]. Parenter. Enter. Nutr. 2013, 37, 714-744. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

54



Bd 1utrients Py

Article

Comparison between Percutaneous Gastrostomy and
Self-Expandable Metal Stent Insertion for the
Treatment of Malignant Esophageal Obstruction,
after Propensity Score Matching

Joo Hye Song 1, Jaehyun Ko !, Yang Won Min 1*, Kyunga Kim 2, Hyuk Lee !, Byung-Hoon Min ?,
Jun Haeng Lee !, Poong-Lyul Rhee ! and Jae J. Kim !

1 Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine,

Seoul 06351, Korea; joohye.song@samsung.com (J.H.S.); jaehyun0820.ko@samsung.com (J.K.);
lhyuk.lee@samsung.com (H.L.); jason.min@samsung.com (B.-H.M.); jh2145 lee@samsung.com (J.H.L.);
pl.rhee@samsung.com (P-L.R.); jaej. kim@samsung.com (J.].K.)

Statistics and Data Center, Research Institute for Future Medicine, Samsung Medical Center,

Seoul 06351, Korea; kyunga.j. kim@samsung.com

*  Correspondence: yangwonee@gmail.com; Tel.: +82-2-3410-3409

Received: 9 August 2020; Accepted: 7 September 2020; Published: 10 September 2020

Abstract: Background: The outcomes of the two procedures; self-expandable metal stent (SEMS)
insertion and percutaneous gastrostomy (PG) feeding procedures, used in patients with malignant
esophageal obstruction, are still controversial. We aimed to compare the outcomes between
the two procedures, following propensity score (PS) matching. Methods: We retrospectively
reviewed 568 esophageal cancer patients who underwent SEMS insertion (stent group) or PG
(gastrostomy group) at the Samsung Medical Center between January 1996 and December 2018.
Procedures for reasons other than malignant obstruction were excluded. We analyzed the datasets
after PS matching. Primary outcomes were the post-procedural nutritional status, and need for
additional intervention (AI). The secondary outcome was overall survival (OS). Results: In a
matched cohort, the gastrostomy group showed less decrease in albumin level after the procedure
(=0.15 + 0.57 vs. stent group; 0.41 + 0.59, p = 0.021). The gastrostomy group required less need for,
and number of, Als (2.1% vs. stent group; 23.4%, p < 0.001 and 0.04 + 0.25 vs. stent group; 0.31 + 0.61,
p < 0.001). After matching, there was no significant difference between the two groups in OS.
However, PG was associated with OS based on multivariable analysis of the matched cohort
(vs. stent group, hazard ratio 0.69, 95% confidence interval 0.5-0.95). Conclusions: PG tends to
provide better post-procedure nutritional status than SEMS insertion in patients with malignant
esophageal obstruction.

Keywords: esophageal neoplasm; self-expandable metallic stents (SEMS); gastrostomy; enteral
nutrition; survival

1. Introduction

Esophageal cancer is the eighth most common cancer and sixth leading cause of cancer-related
mortality worldwide [1]. More than 50% of cases of esophageal cancer are usually diagnosed at an
advanced stage, and dysphagia is the most common symptom, which contributes to weight loss
and malnutrition [2]. Self-expandable metal stent (SEMS) insertion was established as the standard
treatment for patients with malignant esophageal obstruction [3]. However, SEMS insertion led to
adverse outcomes, such as chest pain, fistula, and stent migration [4,5]. Percutaneous gastrostomy (PG)
feeding was established as an alternative treatment for malignant esophageal obstruction, and several
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studies suggested that PG could provide stable nutritional status and a better quality of life (QoL)
compared to stent insertion [6-11].

From a physiological point of view, stent insertion is an ideal procedure [4,12]. However,
there were inconsistent outcomes and a lack of strong evidence supporting its implementation for
optimal treatment of patients with malignant esophageal obstruction. Usually, multidisciplinary
evaluation before deciding on the route of feeding is required [13]. When the management of malignant
esophageal obstruction is planned by a physician, it is important to predict the nutritional outcomes
after the procedure is conducted. This is mainly because esophageal cancer exhibits a high risk of
malnutrition related to cancer cachexia and dysphagia [2].

Therefore, in our study, we aimed to compare the outcomes related to nutritional and survival
benefits between SEMS insertion and PG feeding for patients with malignant esophageal obstruction
by applying the propensity score matching method.

2. Materials and Methods

2.1. Study Population

We retrospectively reviewed 568 esophageal cancer patients who underwent fully covered SEMS
insertion (stent) or PG (gastrostomy) at the Samsung Medical Center between January 1996 and
December 2018. Exclusion criteria were as follows: (1) underwent procedures for reasons other than
malignant obstruction (n = 106), such as stricture (n = 50) (due to radiation therapy (n = 12), endoscopic
submucosal dissection (1 = 8), or esophagectomy (1 = 30)), fistula (n = 52), esophageal perforation
(n = 1), and aspiration pneumonia (1 = 3); (2) coexisting other malignancies (n = 65); and (3) others
(n = 14), such as underwent the procedure previously at another hospital (1 = 7), recurrent cancer
after radiotherapy and esophagectomy (1 = 2), lye stricture (n = 1), underwent jejunostomy prior to
the procedure (n = 1), did not follow-up (n = 1), and tissue type of esophageal cancer was unclear or
unclassified (n = 2). Finally, a total number of 383 patients, including 195 patients who underwent
SEMS insertion and 188 patients who received PG feeding, were considered for further analysis in this
study (Figure 1).

Eligible patients (n= 568)
* Esophageal cancer
* Underwent SEMS insertion or PG at Samsung Medical Center between January 1996 and

December 2018

Exclusion criteria (n=185)

* Underwent procedures for reasons other than malignant obstruction (n=106)
v’ Stricture : n=50
v' Fistula : n=52
v Perforation and aspiration pneumonia : n=4

+ Other malignancy (n= 65)

+  Others (n=14)

Included in analysis (n=383)
« SEMS insertion (stent group) : n= 195

* PG (gastrostomy group) : n=188

Figure 1. Flow chart of the study population. SEMS, self-expandable metal stent; PG, percutaneous gastrostomy.
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On 15 May 2020, the Institutional Review Board of the Samsung Medical Center provided
their approval to conduct this study (2020-05-018-001). The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki, as reflected in a prior approval by the institution’s
human research committee. The requirement for informed consent from patients was waived because
only de-identified data routinely collected during hospital visits were used.

2.2. Indication of Procedure

At our hospital, difficulty in providing sufficient nutrition due to dysphagia was considered
as an indication for performing either SEMS insertion or PG. When the attending physician chose
the procedure type (stent or gastrostomy), the physician discussed with patients the known benefits
and complications of each procedure based on general clinical experience. And finally, the physician
decided the route for feeding. In case of cervical esophageal obstruction, the physician preferred PG to
stent insertion due to the difficulty in maintaining the position of the stent. Conversely, when it was
difficult to perform PG due to anatomical reasons, the physician preferred stent to PG. Endoscopic
stent insertion was performed under conscious sedation using endoscopy. Once the obstruction was
adequately delineated and guide wire access through the entire length of the obstruction obtained,
the SEMS was advanced across the obstruction and deployed. The stent was deployed under a
combination of endoscopic and fluoroscopic guidance. Oral feeding was possible from the day after
stent insertion. PG was also performed under endoscopic (percutaneous endoscopic gastrostomy,
PEG) or fluoroscopic guidance (percutaneous radiologic gastrostomy, PRG). Prophylactic intravenous
antibiotics were administrated before the procedure. The PEG tube was inserted by the pull method.
The puncture site was marked with endoscopic monitoring of the anterior gastric wall in the lower
body by trans-illumination, and, following adequate local anesthesia, an appropriate initial incision
was made and the puncture cannula was inserted under endoscopic control through the stomach.
The PRG tube was inserted directly through the abdominal wall into the stomach by the push method.
Enteral feeding was possible 24 h after the procedure, only if the patient had no abdominal pain and
displayed normal bowel sound. About 50 mL of normal saline/hour was administrated three times,
and then 50 mL of semi-fluid diet feeding (SFD) was administered. The SFD feeding reached 250 mL
by gradual increases in the amount of feeding, and then soft blend diet feeding was initiated.

2.3. Outcome Measurement

Baseline characteristics were assessed retrospectively by reviewing electronic medical records
as follows: age at diagnosis, gender, tumor stage according to the 7th edition of the American Joint
Committee on Cancer, tumor histology, tumor location, length of obstruction by tumor (assessed by
esophagography, endoscopy or computed tomography (CT)), history of chemotherapy, radiotherapy,
and esophagectomy before the procedure [14]. We also assessed the procedure-related adverse events
(such as tumor bleeding, fistula, perforation, and chest pain in the stent group, and PG site infection,
peritonitis, and leakage in the gastrostomy group), the presence and number of additional interventions
(Als) (including stent insertion/repositioning, gastrostomy or removal of stent/gastrostomy due to
adverse events), and the occurrence of aspiration pneumonia. We assessed the presence of chest
pain by reviewing medical records where the patient had subjectively complained of chest pain, or
the physician had carried out a procedure for chest pain. Aspiration pneumonia was defined as
the combination of a history of aspiration according to the medical records and gravity-dependent
opacity in a chest CT scan after the procedure. Furthermore, in order to evaluate the post-procedural
nutritional status, body weight and the serum albumin level at baseline and 1 month after the procedure
were assessed.

Primary outcomes were post-procedural nutritional status (a change in serum albumin level and
body weight between baseline and 1 month after procedure), the need for and number of Als, and the
occurrence of procedure-related adverse events and aspiration pneumonia. The secondary outcome
was overall survival (OS).
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2.4. Statistical Analysis

Continuous variables are expressed as mean =+ standard deviation, while categorical variables are
presented as absolute values and percentages. Differences between continuous variables were analyzed
using the unpaired Student’s t-test and Wilcoxon rank sum test. The differences between categorical
variables were analyzed using the x2 test and Fisher’s exact test, accordingly. The propensity scores
were estimated for age, gender, stage, length of obstruction and treatment before procedure using
the parsimonious logistic regression model. The 1:1 matching without replacement was performed
within 25% of standard deviation of log-transformed propensity scores, therefore the matched data
were analyzed with exactly the same methods that can be used for the original data [15,16]. In the
propensity score-matched cohort, the two groups were compared for the baseline characteristics,
and the absolute standardized mean differences of variables were <0.2 to be balanced between two
groups. OS was calculated using the Kaplan-Meier method and compared using the log-rank test.
Cox hazard proportional models were used to examine the association of baseline characteristics
with overall survival in the propensity score-matched cohort. Variables with a p-value < 0.2 in
univariable analysis were later subjected to multivariable analysis. Differences with a p-value < 0.05
were considered statistically significant. All statistical analyses were performed using SPSS software
version 25.0 for Windows (SPSS Inc., Chicago, IL, USA) and open source statistical language and
platform, R, version 3.6.1 (R Development Core Team, Vienna, Austria), using the package “Matching.”

3. Results

3.1. Baseline Characteristics of the Study Population

Baseline characteristics of patients with malignant esophageal obstruction who underwent stent
insertion and gastrostomy are shown in Table 1. Before matching, the patients in the stent group
(n = 195) were identified to be in a more advanced stage, with a lower number of cervical cancer
cases, and received chemotherapy, radiotherapy, and esophagectomy less often than the patients in the
gastrostomy group (1 = 188) (p < 0.001 for all the characteristics). After propensity score matching,
there was no significant difference between the stent and gastrostomy groups (Table 2).

Table 1. Comparison of baseline characteristics between patients with malignant esophageal obstruction
undergoing gastrostomy and stent insertion, before propensity score matching (1 = 383).

Gastrostomy Group  Stent Group

(n = 188) =105  PValue
Age year 63.80 + 9.57 64.71 + 10.36 0.37
Gender Male 161 (85.6) 180 (92.3) 0.054
Female 27 (14.4) 15(7.7)
Stage Stage I + III 119 (63.3) 33(16.9) <0.001
Stage IV 69 (36.7) 162 (83.1)
Cervical 50 (26.6) 5(2.6) <0.001
Location Upper 54 (28.7) 37 (19.0)
Mid 41 (21.8) 68 (34.9)
Lower 43 (22.9) 85 (43.6)
Histology Squamous cell carcinoma 185 (98.4) 181 (92.8) 0.087
Others 3(1.6) 14 (7.2)
Length of obstruction cm 6.72 + 3.17 6.53 +2.70 0.85
None 27 (14.4) 49 (25.1) <0.001
Chemotherapy Before procedure 71 (37.8) 100 (51.3)
After procedure 90 (47.9) 46 (23.6)
None 46 (24.5) 115 (59.0) <0.001
Radiotherapy Before procedure 60 (31.9) 42 (21.5)
After procedure 82 (43.6) 38 (19.5)
None 130 (69.1) 187 (95.9) <0.001
Surgery Before procedure 1(0.5) 0 (0.0)
After procedure 57 (30.3) 8(4.1)
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Table 2. Baseline characteristics of patients with malignant esophageal obstruction undergoing
gastrostomy and stent insertion, after propensity score matching (94 matched pairs).

Gastrostomy Group  Stent Group

(n=94) (n=94) SMD
Age year 64.67 +9.66 65.36 + 10.05 0.070
Gender Male 84 (89.4) 86 (91.5) 0.072
Female 10 (10.6) 8 (8.5)
Stage Stage II + I1I 37 (39.4) 33(35.1) 0.088
Stage IV 57 (60.6) 61 (64.9)
Cervical 8 (8.5) 5(5.3) -0.13
. Upper 29 (30.9) 28 (29.8) —-0.023
Location h}/)[Ii)d 28 (29.8) 28 (29.8) 0.00
Lower 29 (30.9) 33(35.1) 0.091
. Squamous cell carcinoma 92 (97.9) 93 (98.9) 0.085
Histology a Others 2(2.1) 1(1.1)
Length of obstruction cm 7.06 + 3.32 6.75+2.93 0.098
None 20 (21.3) 23 (24.5) 0.076
Chemotherapy Before procedure 42 (44.7) 40 (42.6) —-0.043
After procedure 32 (34.0) 31 (33.0) -0.023
None 40 (42.6) 42 (44.7) 0.043
Radiotherapy Before procedure 28 (29.8) 29 (30.9) 0.023
After procedure 26 (27.7) 23 (24.5) -0.073
None 89 (94.7) 88 (93.6) —-0.045
Surgery Before procedure 1(1.1) 0(0.0) -0.15
After procedure 4 (4.3) 6 (6.4) 0.095

SMD, standardized mean difference.

3.2. Primary Outcomes of the Propensity Score-Matched Cohort

Primary outcomes in the matched cohort are shown in Table 3. A total of 14 procedure-related
adverse events occurred. In the stent group, there were 6 adverse events; stent broken (n = 1),
stent migration (n = 2), stent induced tracheal compression (n = 1), tumor bleeding (n = 1), and chest
pain (n = 1). In the gastrostomy group, there were 8 adverse events; leakage (1 = 1), gastrostomy
site infection (1 = 4), and peritonitis (n = 3). The gastrostomy group showed less decrease in serum
albumin level and needed less additional interventions (Als) than the stent group after the procedure
(p-value 0.021 and <0.001, respectively). In the stent group, Als included stent reposition/removal
due to migration, stent removal due to chest pain, and gastrostomy due to tumor ingrowth into stent.
In the gastrostomy group, Als included gastrostomy tube removal due to localized infection and
gastrostomy revision due to leakage. The number of Als was lower in the gastrostomy group than
in the stent group (0.04 + 0.25 vs. 0.31 £ 0.61, p-value < 0.001). There was no significant difference
between the two groups with regard to body weight change, occurrence of procedure-related adverse
events, and aspiration pneumonia.

3.3. Owverall Survival of the Study Population

During median follow-up of 5 months (2.6-9.3), the gastrostomy group showed higher OS rates in
the unmatched cohort (n = 383, Figure 2). However, after propensity score matching, there was no
significant difference between the two groups (94 pairs) in OS (Figure 3).

3.4. Factors Associated with Overall Survival in Propensity Score-Matched Cohort

To adjust for potential confounders after propensity score matching, Cox proportional hazards
regression model was conducted. Multivariable analysis showed that chemotherapy after procedure,
surgery before or after procedure, and type of procedure (gastrostomy) were the independent factors
associated with OS (Table 4).
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Table 3. Comparison of primary outcomes between patients with malignant esophageal obstruction
undergoing gastrostomy and stent insertion, in the propensity score matched cohort (94 matched pairs).

Gastrostomy Group  Stent Group
(n = 94) (1 = 94) p-Value
Weight change ! kg —0.69 +2.56 —0.27 + 348 0.58
Albumin change ! g/dL -0.15+0.57 -0.41+£0.59 0.021
. . ) None 92 (97.9) 72 (76.6) <0.001
Additional intervention Yes 2(2.1) 2 (23.4)
Number of additional interventions 0.04 £ 0.25 0.31 £ 0.61 <0.001
5 - None 90 (95.7) 91 (96.8) 1.00
Procedure-related complications Yes 1(43) 3(32)
Aspiration pneumonia None 81 (86.2) 81 (86.2) 1.00
Yes 13 (13.8) 13 (13.8)
1 After procedure.
21 ——  Stent
———  Gastrostomy
E
E -
@ P <0.001
2
E S
=
£
6 ~
O 5 w2 W W @ 4 s 0 6 2 T8 8 @ s 02 108 14 0
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Figure 2. Kaplan-Meier survival curves showing overall survival rates of 383 patients with malignant

esophageal obstruction after gastrostomy (1 = 188) and stent insertion (1 = 195).
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Figure 3. Kaplan—-Meier survival curves showing overall survival rates in the propensity score-matched
cohort (94 matched pairs) with patients with malignant esophageal obstruction after gastrostomy and

stent insertion.
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Table 4. Factors associated with overall survival in propensity score matched cohort with malignant
esophageal obstruction (94 matched pairs).

Multivariable Analysis
HR (95% CI) p-Value

Stage Stage I + III 1
Stage IV 1.43 (1.00-2.06) 0.052
Cervical 1 0.30
Location Upper 1.22 (0.64-2.34) 0.54
Mid 1.63 (0.84-3.16) 0.15
Lower 1.15 (0.59-2.23) 0.69
None 1 0.072
Chemotherapy Before procedure  0.89 (0.57-1.39) 0.62
After procedure 0.60 (0.38-0.95) 0.029
None 1 0.031
Radiotherapy Before procedure  1.55 (1.00-2.39) 0.050
After procedure 0.79 (0.51-1.22) 0.29
None 1 <0.001
Surgery Before procedure a 01}52_?2982 60) <0.001
After procedure 0.34 (0.14-0.82) 0.016
T Stent 1
ype of procedure

Gastrostomy 0.69 (0.50-0.95) 0.024

HR, hazard ratio; CI, confidence interval.

4, Discussion

Currently, patients with malignant esophageal obstruction are either subjected to gastrostomy or
SEMS insertion. It is mainly because the maintenance of nutritional status through these procedures
provides better clinical outcomes, including improvement of QoL and survival benefits [17,18].
However, it has not been established yet whether these are the optimal treatment strategies. In our
study, we demonstrated that PG was superior to SEMS, by assessing the patients” nutritional status
using propensity score matching analysis within a large cohort.

Systematic review and meta-analysis of nine studies comprising 180 patients showed that stent
insertion relieved dysphagia immediately and led to an increase in both body weight and serum
albumin level, but chest pain and stent migration occurred with high incidence rates (51.4% and 32%,
respectively) [4]. A retrospective study with propensity score matching conducted by Mariette et al.
(2015) found that SEMS insertion was a predictor of poor prognosis with adjusted confounding
factors (hazard ratio (HR) 1.6, 95% confidence interval (CI) 1.02-2.5), even though the median time of
recurrence and three-year survival were found to be reduced in the SEMS group [19]. Based on the
above-mentioned two studies, the European Society of Gastrointestinal Endoscopy does not recommend
the temporary placement of an SEMS/SEPS (self-expandable plastic stent) for malignant dysphagia as
a bridge to surgery or before pre-operative chemoradiotherapy, and suggests other options, such as
placement of a feeding tube (strong recommendation based on low-quality evidence) [3,13]. In our
study, 93% (162/181) of patients in the stent group and 67% (129/188) in the PG group underwent
procedure in palliative care. Because several cases were performed before current ESGE guidelines had
been established, some patients underwent SEMS between late 1990 and early 2010 for non-palliative
care. However, SEMS insertion was performed recently in our hospital only for palliative care,
consistent with current ESGE guidelines. In our previous retrospective study, we first compared the
two procedures, and then observed that PG feeding was associated with better OS in patients with
malignant esophageal obstruction compared to SEMS insertion by stabilizing the nutritional status
(HR 0.56, 95% CI 0.36-0.87) [20]. However, our previous study had several limitations that could
be attributed to a relatively small sample size and risk of bias. To minimize the risk of bias, in the
present study, we increased the sample size and analyzed the cohort thoroughly with propensity score
matching and the obtained results were taken into consideration for further interpretation. Thereafter,
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we observed that gastrostomy resulted in less decrease in the serum albumin level compared to the
stent group, after the procedure. This parameter reflected the nutritional status, and consequently,
better outcomes. Indeed, in the present study, we showed that PG was an independent factor associated
with OS (HR 0.69, 95% CI 0.50-0.95). Although there was no significant difference in OS between the
two groups (p = 0.051), it was still very close to statistical significance. In contrast to other studies,
there was no difference in procedure-related adverse outcomes, including chest pain, between the
two groups. It could be explained by the assumption that at our hospital, PG was performed in
cases of cervical malignant esophageal obstruction, which later resulted in chest pain due to stent
insertion. Additionally, according to a recent prospective study conducted by Yu et al. (2018) comparing
nasogastric tube, stent, and ostomy tube feeding, stent led to a poor QoL when compared with the
other two groups [21]. On comprehensive evaluation, gastrostomy tended to be superior to SEMS in
general aspect, including nutritional status and QoL.

In multivariable analysis, surgery after procedure showed the best OS, followed by only procedure
without surgery, and surgery before procedure. Compared to patients who underwent only procedure
without surgery, the risk of mortality was higher for those who underwent surgery before procedure
(HR 123.08, 95% CI 10.15-1492.60). However, only one patient underwent surgery before procedure
and the range of 95% CI was very wide. Considering these points, the risk was overestimated and it
should be interpreted carefully.

Our study had some limitations. The first limitation is that it is a retrospective study. However,
as many previous studies have demonstrated the potential advantages of gastrostomy, it was difficult to
conduct a randomized controlled trial (RCT) in an ethical manner. Additionally, conducting prospective
RCT to compare SEMS insertion and gastrostomy for the treatment of malignant esophageal obstruction
was practically impossible. Instead, to obtain a high level of evidence close to a RCT, we first analyzed the
study population thoroughly with propensity score matching, and then interpreted the results that were
obtained. Second, because of the limitation of conducting a retrospective study, QoL was not assessed,
which was recently identified as an important part of palliative treatment in patients with malignant
esophageal obstruction [10]. Instead of error-prone symptom evaluation by retrospective analysis,
we decided to assess objective parameters, such as body weight and serum albumin levels, as primary
outcomes. Third, nutritional status was determined one month after the procedure, which might be
too short a time for decreased body stores to be evidenced by weight loss and a decreased albumin
level. Also albumin, an acute phase reactant, could not be used as a good nutritional marker. However,
due to high mortality and poor general condition related to the high risk of malnutrition, there were a
considerable number of missing data regarding body weight and albumin, more than two months after
procedure; yet several studies have used albumin inevitably as a nutritional marker. Unavoidably,
we assessed procedural nutritional status as a change of serum albumin level and body weight between
baseline and one month after procedure. Fourth, esophageal squamous cell carcinoma is more common
in Asian than Western populations, and only three esophageal adenocarcinoma cases were included
in our study. So, this study may be unclear when generalizing the results to Western patients with
malignant esophageal obstruction. Despite these limitations, we believe that we have provided
enough evidence to support the advantage of PG through a well-designed analysis using propensity
score matching.

5. Conclusions

In conclusion, we suggest that gastrostomy may be preferred over stent insertion in patients with
malignant esophageal obstruction, considering the nutritional and survival benefits.
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Abstract: Recent preclinical studies have shown the potential benefits of short-term calorie reduction
(SCR) on cancer treatment. In this integrative review, we aimed to identify and synthesize current
evidence regarding the feasibility, process, and effects of SCR in cancer patients receiving chemotherapy.
PubMed, Cumulative Index to Nursing and Allied Health Literature, Ovid Medline, PsychINFO,
and Embase were searched for original research articles using various combinations of Medical
Subject Heading terms. Among the 311 articles identified, seven studies met the inclusion criteria.
The majority of the reviewed studies were small randomized controlled trials or cohort study with
fair quality. The results suggest that SCR is safe and feasible. SCR is typically arranged around the
chemotherapy, with the duration ranging from 24 to 96 h. Most studies examined the protective effects
of SCR on normal cells during chemotherapy. The evidence supports that SCR had the potential to
enhance both the physical and psychological wellbeing of patients during chemotherapy. SCR is
a cost-effective intervention with great potential. Future well-controlled studies with sufficient sample
sizes are needed to examine the full and long-term effects of SCR and its mechanism of action.

Keywords: integrative review; short-term calorie reduction; fasting; cancer; chemotherapy;
calorie restriction

1. Introduction

Emerging evidence has shown that glucose and caloric intake have powerful impacts on health,
in both the general and the critically ill population, including cancer patients [1-4]. High glucose
levels can contribute to a vicious circle that affects cancer formation, treatment, and progression [5,6].
Recent expert opinions suggest that glucose reduction and calorie control could enhance cancer
treatments and improve patient outcomes [7,8]. There are at least four proposed mechanisms of how
calorie restriction (CR), or fasting, affects tumor growth and treatment effectiveness. First, CR increases
tumor cells’ sensitivity to anticancer therapy by promoting apoptosis within tumors, which reduces
levels of growth factors such as insulin-like growth factor-1 (IGF-1), and by inducing autophagy via the
activation of AMP-activated protein (AMPK)/the mammalian target of rapamycin (mTOR) pathway.
Second, in contrast, CR selectively protects normal cells from stress and toxicity of anticancer therapy
because they react oppositely to the aforementioned interferences. Moreover, CR-induced autophagy
may promote tissue regeneration. Third, by decreasing inflammation and increasing circulating T cells,
CR establishes an environment that is unfavorable to tumor growth. Fourth, CR inhibits tumor growth
by reducing the expression of factors that promote neovascularization of tumors [8-13].
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Compared with a chronic 20-40% CR, which requires weeks to months to detect its effects on
cancer progression, a short-term CR (SCR; for example, a calorie reduction of over 50% lasting no
longer than a week) has shown immediate effects on enhancing the therapeutic effects of chemotherapy
and protecting normal cells from drug toxicity [12,14,15]. SCR also seems to be safe, and does not
cause weight loss, which is the main side effect of chronic CR [10]. Several in vivo (mouse models) and
in vitro studies have demonstrated positive effects of SCR on suppressing tumor growth (for example,
in pancreatic cancer and hepatocellular cancer) and enhancing the effects of chemotherapeutic
agents (such as, doxorubicin, gemcitabine, and sorafenib). The in vivo studies have shown that
SCR significantly increases chemotherapy effects by inhibiting tumor growth, cellular proliferation,
and metabolism [12,14,15]. D’Aronzo and colleagues even demonstrated that SCR alone is just as
effective as SCR plus gemicitabine in inhibiting pancreatic cancer cell migration in vitro and using
animal models [12]. Some evidence has indicated that undertaking SCR (fasting for 24-72 h with
access to water or eating a diet that mimics fasting) prior to chemotherapy protects normal cells,
regulates glycemia, and enhances the therapeutic effects of chemotherapy [12,15,16]. Di Biase and
colleagues found that SCR decreased doxorubicin-induced cardiotoxicity and prevented hyperglycemia
in mice, thereby providing protection from glucose- and dexamethasone-dependent sensitization to
doxorubicin [16].

Although the results from animal studies are promising and human trials have begun,
clinical oncologists to date only provide universal and generic dietary guidelines to all cancer
patients [17]. For example, in the latest nutrition guide published by the American Institute for Cancer
Research, Livestrong Foundation, and Savor Health [18], the main nutrition recommendation for all
cancer patients under treatment is to eat a healthy and clean diet. The European Society for Clinical
Nutrition and Metabolism (ESPEN) guideline for patients undergoing drug treatment is to “ensure
adequate nutritional intake” [19]. Several experts have pointed out that the level of evidence for these
recommendations is low [17,19]. In fact, to our knowledge, no nutrition guidelines or recommendations
have ever mentioned any form of SCR. This may be due to the early stage of clinical studies and the lack
of systematic reviews that evaluate and synthesize current SCR evidence. The vague recommendation
is insufficient to answer the necessary but unanswered question of “how to eat right?” In a survey
(n = 1335), more than two thirds of the patients with cancer indicated that they had questions regarding
nutrition or food intake [20]. In contrast, a considerable number of cancer patients (39-76%) have
reported unmet needs regarding nutrition-related information or issues [21,22]. Therefore, the aim of
this review is to identify and synthesize current evidence regarding the feasibility, process, and effects
of SCR in cancer patients receiving chemotherapy. The findings from this review will identify areas for
future research, aid in reexamining nutrition guidelines and enhance evidence-based clinical practice.

2. Materials and Methods

It is important to analyze all the available data for new concepts and underexplored research
areas such as SCR. Therefore, the method of integrative review was selected; this allowed us to include
as much evidence as possible, regardless of the study design and type of data. We followed the
well-established review process described by Whittemore and Knafl, which included the following:
problem identification, literature search, data evaluation and analysis, and presentation of the
results [23].

2.1. Literature Search

We searched the following five databases for articles describing SCR in cancer patients undergoing
chemotherapy: PubMed, CINAHL, Ovid Medline, PsychINFO, and Embase. Several combinations of
Medical Subject Heading (MeSH) terms were used in different databases (Table 1). The original studies
exploring the effects of SCR on cancer patients receiving chemotherapy were included only if they
were written in English, included human cancer patients, and were peer-reviewed. We did not set any
limits on the dates of publication and the final date of the search is the 6 August 2020. Articles were
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excluded if they did not meet any one of the aforementioned criteria or if they focused on the effects of
food on drug pharmacokinetics. The eligibility of the literature was determined by screening the titles,
then the abstracts, finally, a full-text review. In addition, the reference lists of each included article and
the website ClinicalTrials.gov were searched to identify relevant studies. EndNote X8 was then used to
sort citations and remove duplicates.

Table 1. Searched databases, searching strategies, and the number of initial results.

Databases Searching Strategies: Combination of Medical Subheadings Initial Results
PubMed (“fasting” OR “calorie restricted”) AND “chemotherapy” 238

(“fasting” OR “diet, carbohydrate-restricted” OR “calorie restriction”) AND (“maintenance
Ovid Medline chemotherapy” OR “induction chemotherapy” OR “consolidation chemotherapy” OR 9
“chemotherapy, adjuvant” OR “chemotherapy, cancer, regional perfusion”)

(“fasting” OR (“preprocedural Fasting” OR “restricted diet” OR “diet, reducing” OR “diet,
low carbohydrate”) AND (“chemotherapy, cancer” OR “chemotherapy, adjuvant” OR

CINAHL “chemotherapy care (Saba CCC)” OR “chemotherapy management (Towa NIC)” OR “antineoplastic 7
agents, combined”)

PsychINFO (“calories” OR “dietary restraint”) AND “chemotherapy” 38

Embase “caloric restriction” AND “cancer chemotherapy” 19

2.2. Data Evaluation and Analysis

We fully reviewed and rated the included literature in terms of its level of evidence and level of
quality presented, which reflects the generalizability of a study. The definition of each level of evidence
are presented in Table 2 which was modified from Wright and colleagues [24]. There are four level of
research quality: good (the risk of bias is very low and the results are considered to be valid), fair (the
study is susceptible to some bias deemed not sufficient to invalidate its results), poor (there s a significant
risk of bias), and not to be analyzed (there is a fatal flaw) [25,26]. Because the designs of the included
studies vary, we employed four scales to evaluate the quality of the studies. Quantitative studies were
evaluated on the basis of Quality Assessment Tools developed by methodologists from the NHLBI
and Research Triangle Institute International. Specifically, the Quality Assessment of Controlled
Intervention Studies [27] was used to evaluate randomized controlled trials, the Quality Assessment
Tool for Observational Cohort and Cross-Sectional Studies [28] was chosen to assess prospective
cohort studies, and the Quality Assessment Tool for Case Series Studies [27] was selected for case
studies. Instructions for Evaluating Qualitative Literature [26] were employed for qualitative studies.
Studies that met 75-100% criteria were determined to be of good quality while 50-74% criteria met
signified a fair quality and 25-49% criteria met indicated poor quality. Next, study information was
collected and categorized in a data collection file prepared by C.T. using Microsoft Word. Specifically,
three kinds of information were collected: study characteristics (design, population, fasting plan,
and type of chemotherapy), type of outcome measurements, and main study outcomes. All research
activities were independently performed by C.T. and H.C. In case of discordant opinions, the research
team discussed and solved these issues in regular meetings.

Table 2. Level of Evidence.

Level Definition
1 Randomized controlled trial
i Prospective cohort study or Poor-quality randomized controlled trial
I Case-control study or Retrospective cohort study
v Case series
\Y% Expert opinion

Note. Modified from Wright, Swiontkowski, and Heckman (2003) [24].
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3. Results

Initially, 311 articles were identified. After removing duplicates (n = 3), 308 articles were screened
by title, which resulted in a total of 67 articles for abstract screening. Using the established criteria,
60 articles were excluded. Among the 60 articles, 60% (1 = 36) were not complete original research
articles; 33% (n = 20) presented irrelevant content; 5% (1 = 3) did not include human samples; and 2%
(n = 1) were not written in English. The remaining seven studies that were retained for full-text review
were all included in the analysis (Figure 1).

Records identified through
database searching

(n=311)

eeeeeee

samples: 3
®  Noturitten in English: 1

Eiigibilty

‘Study included in integrative
review

0=7)

Included

Figure 1. PRISMA Diagram of Search Results and Screening Process.

3.1. Study Characteristics

Among the seven studies included in this review (Table 3), one is a qualitative study and others
have a quantitative design, including a case study, a cohort study, and randomized controlled trials
(RCT, n = 4). The sample sizes ranged from 13 to 129. Five studies focused on gynecologic cancer
populations [29-33] and the other two involved various types of cancer. In the five studies that stipulated
strict timelines for SCR, the total period ranged between 24 and 96 h, with SCR typically starting 24-72 h
before the chemotherapy and lasting for about 24 h after the completion of chemotherapy [29,30,32-34].
The other two studies observed participants’ self-determined reduction practices, and thus presented
large variations in the SCR timeframe—the patients started SCR 24-140 h prior to chemotherapy and
ended it 5-56 h following chemotherapy [31,35]. The actual number of calories consumed during
the practice of SCR differed across studies. Most studies required the participants to fast, allowing
only non-caloric beverages. One study offered a rescue option to consume less than 200 kcal a day if
fasting symptoms became apparent [34]. Bauersfeld et al. set the daily maximum total intake at 350
kcal [29] and de Groot et al. [32] designed a fasting mimicking diet with decreasing calorie amount
over three days (200-1200 kcal). On the other hand, Zorn et al., instructed a group of patients to
consume a 6-day normocaloric ketogenic diet before water fast. While a case study mentioned that
some of their participants ate nothing except for water and vitamins [35], other studies did not specify
if any nutritional supplements were used. The participants received various types of chemotherapy
drugs and regimens, including taxanes, platinum, alkylating, anthracycline, antimetabolites, and IgG1
antibody. In terms of the level of evidence of the quantitative studies, the majority was level II small
RCTs or cohort study (n = 4); others were level IRCT (n = 1) and level IV case series (n = 1) [24]. Using
the aforementioned quality scales to evaluate, more than half of the studies had fair or poor quality
(Tables 4 and 5). Only two studies were of good quality, including one RCT and one qualitative study
(data not shown in table) [31,32]. The most obvious threats to the quality of RCT studies were the high
drop-out rates and low adherence.
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Table 4. Quality and Evidence Level of Cohort Study and Case Report.

Quality Rating Criteria for Cohort Stud Study Quality Rating Criteria for Case R Study
uality Rating Criteria for Cohort Stu —_— uality Rating Criteria for Case Reportt ——7"———
Y 8 Y Dorff, 2016 4 4 P Safdie, 2009
Research question/objective was clearly stated Yes Research question/objective was clearly stated No
. . e . . Study population was clearly .
Study population was clearly specified/defined Yes specified/defined Yes
Participation rate of eligible persons was >50% Unclear Cases were consecutive No
Prespecified Inclusion/exclusion criteria Yes Subjects were comparable No
Justification of sample size/power/variance/effect size No Intervention was clearly described Yes
Exposure(s) measured prior to outcome(s) evaluation Yes Clearly defined, \;Siii?:s reliable outcome No
Sufficient timeframe to see a possible association Yes Adequate length of follow-up Yes
Examine different exposute levels as related to Yes Well-described statistical methods Not applicable
the outcome
Clearly defined, valid and reliable exposure measures Yes Well-described results Yes
Assessed the exposure(s) more than once over time Yes
Clearly defined valid and reliable outcome measures Yes
Outcome assessors were blinded to the exposure status Unclear

of participants
Loss to follow-up was 20% or less Yes
Key potential confounding variables measured and
N L No
adjusted statistically
Suggesting Quality (% of criteria met) Fair (71%) Suggesting Quality (% of criteria met) Fair (50%)
Level of Evidence i Level of Evidence v

Note. Level of quality was defined as: Good Quality (75-100% criteria met), Fair (50-74% criteria met), Poor (25-49%
criteria met).

Table 5. Quality and Evidence Level of Randomized Controlled Trial.

Studies
Quality Rating Criteria
Bauersfeld, 2018 de Groot, 2015 de Groot, 2020 Zorn, 2020
Study was described as randomized or an RCT Yes Yes Yes No
Adequate randomization Yes Yes Yes No
Concealed treatment allocation Yes Unclear Yes Unclear
Study participants and Pro viders were blinded to Not applicable Not applicable Not applicable Not applicable
group assignment
People assessing the outcomes were blinded to Unclear Unclear Yes Unclear
the assignments
Groups were similar at baseline on important characteristics No Yes Yes No
’ " i o
Overall drop-out rate at endpoint was <20% for No No No No
treatment group
Differential drop-out rate between groups at endpoint was Yes Yes No No
<15% or lower
Adherence to the intervention protocols were high No Yes No No
Other interventions were avoided or similar in the groups Yes Yes Yes Yes
Outcomes were assessed using valid and reliable measures Yes Yes Yes Yes
Sufficient sample size to be able to detect a difference with
Yes No Yes Yes
>80% power
Outcomes reported or subsroups analyzed Unclear Undlear Yes Yes
were prespecified
All randomized par‘nclpalﬁts were analyzed.m the original Yes Yes Yes Yes
group (intention-to-treat analysis)
Suggesting Level of Quality (% of criteria met) Fair (62%) Fair (62%) Good (77%) Poor (38%)
Level of Evidence 1 1 1 s

Note. Level of quality was defined as: Good Quality (75-100% criteria met), Fair (50-74% criteria met), Poor (25-49%
criteria met).

3.2. Outcome Measurements

The following two categories of SCR outcomes were evaluated: safety/tolerance and overall
effect. Specifically, the safety and tolerance of SCR were measured on the basis of the reasons for
non-compliance with SCR, symptoms that were directly induced by SCR, and the change in nutrition
or metabolism status. The effects of SCR were evaluated on the basis of its protective or regenerative
effect on normal cells, ameliorative effect on inflammation, and sensitizing effect on tumor cells.
The protective or regenerative effect on normal cells were evaluated on the basis of disease- or
chemotherapy-associated side effects, quality of life, DNA damage in healthy cells, and hematological
function. The reduction in inflammation was measured on the basis of the inflammatory response.
The sensitizing effect on tumor cells to chemotherapy was evaluated using endocrine parameters and
treatment outcomes. In addition to blood samples, several tools, such as Common Terminology Criteria
for Adverse Events (CTCAE), the Functional Assessment of Chronic Illness Therapy-General (FACIT-G),
The European Organization for Research and Treatment of Cancer quality of life questionnaires (EORTC
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QLQ), and the Functional Assessment of Chronic Illness Therapy- Fatigue (FACIT-F) were employed
to assess the side effects, symptoms, and quality of life. The researchers followed these variables across
multiple cycles of chemotherapy in the following periods: “before each SCR and/or chemotherapy”,

“hours to days after each chemotherapy”, “about a week after each chemotherapy”, “at the end of
chemotherapy treatment”, and “6-month after treatment”.

3.2.1. Safety and Tolerance of SCR

All studies concluded that SCR was safe, well-tolerated, and feasible [29-35]. More importantly,
many participants expressed a strong motivation to undertake SCR and a desire to continue the
practice in the future because of the perceived benefits of SCR, which included an increased sense of
control [29-31].

The reported success rate of completing one cycle of SCR was above 80% [29,30]. However,
the adherence decreased to below 50% when the researchers followed for more than three cycles [32,33].
Excluding non-SCR related symptoms (such as recurrent febrile neutropenia) and personal factors
(such as forgetting, changing chemotherapy plan, and others), the reasons for withdrawal included
headache, hyperventilation, weakness, failure to regain weight, aversion to fasting nutrition, and social
constraints [29,30,32-35]. The qualitative study also reported social constraints as barriers to SCR—the
patients who performed self-initiated SCR indicated that the protocol interfered with meal-sharing in
their social lives. They also highlighted that the uncertainty surrounding the effects of fasting could
be a barrier to SCR. In contrast, anxiety regarding hospitalization and positive social support might
facilitate fasting behavior [31].

All researchers concluded that the possible side effects of SCR were mild, and that they either did
not interfere with daily activities or did not require special treatment. The following side effects were
noted: hunger, fatigue, dizziness, headache, hypoglycemia, weight loss, hyponatremia, orthostatic
reaction or hypotension, and nausea after taking broth or juice [29,33-35]. Although weight loss
may be an expected side effect of SCR, the studies showed that the loss of body weight was absent
or minimal (about 6-7 pounds, <5%) [29,33,35], and that it was regained quickly after resuming
a normal diet [29,35]. While pilot studies reported that no obvious changes in parameters related to
nutrition and metabolism, such as prealbumin, insulin, and glucose, were observed [30,34], larger
RCTs indicated that glucose and insulin were significantly lower in SCR groups before and during the
treatment than controls [32,33]. The duration of fasting significantly affected ketone levels: de Groot
and colleagues noted a decreasing trend in 3-hydroxybutyrate levels (a type of ketone body) in 24-h
fasting groups and an increasing trend in groups that fasted for more than 48 h [30]. The same research
group later reported that ketone bodies were more likely to be positive in patients that performed
SCR compared to regular diet [32]. In one study that examined body composition, the results showed
decreased bioelectrical impedance analysis (BIA) fat mass, BIA body cell mass, mean BIA phase angle,
and increased BIA extracellular cell mass [33].

3.2.2. Effects of SCR

The results of the six quantitative studies show mixed but overall positive findings regarding
the effects of SCR. Most of the studies focused on SCR’s protective or regenerative effect on normal
cells, including chemotherapy-related side effects or symptoms [29,30,32-35], quality of life [29-33,35],
hematological function [30,33-35], and DNA damage [30,32,34]. Five studies also examined endocrine
parameters and/or treatment outcomes [30,32-35] to evaluate the sensitizing effects of tumor cells to
chemotherapy. De Groot and colleagues measured inflammatory response [30].

SCR’s Protective or Regenerative Effect on Normal Cells

Several studies suggested that SCR significantly reduces multiple chemotherapy-related side
effects, such as nausea, vomiting, stomatitis, fatigue, headache, and overall symptom burden [29,33-35],
and improved quality of life [29,35]. However, some did not find a significant reduction in side
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effects [30,32] or an improvement in the quality of life [30,32,33]. Zorn et al. pointed out a significant
relationship between SCR and fewer chemotherapy postpones. The findings from a qualitative study
that examined patients’ motivation of self-initiated SCR reported that patients started SCR because
they thought that it could mitigate the side effects of chemotherapy [31]. In fact, most of the patients
reported positive physiological effects after fasting, and half of them experienced psychological benefits
such as a reduction in feelings of uncertainty and anxiety [31].

To determine how SCR preserves or regenerates hematological function, the number and changes
of erythrocytes, thrombocytes, and leukocytes were examined. All the studies that examined
hematological function reported the protective effect of SCR [30,33-35], although the result from
one study was insignificant [34]. Specifically, one study found that the erythrocyte and thrombocyte
counts were significantly higher in the SCR group than in the control group one week or even 21 days
after chemotherapy [30]. The results from another study showed a significantly milder neutropenia
in patients who had fasted for longer than 48 h than in patients who had fasted for 24 h [34]. Zorn et al.
(2020) found a significant decrease in mean corpuscular cell volume (MCV) and mean corpuscular
hemoglobin (MCH).

Three studies looked at SCR’s protective effect on chemotherapy-induced DNA damage, which was
based on peripheral blood mononuclear cells. The results are encouraging [30,32,34]. Specifically,
while DNA damage was obvious in all patients immediately after chemotherapy, patients who had
fasted showed less chemotherapy-induced DNA damage 30 min to seven days later compared to the
non-fasting group [30,32]. Further, one study that compared outcomes of 24-, 48-, and 72-h fasting
specified that this protective effect was only observed in participants who had fasted for 48 h or
longer [34].

Sensitizing Tumor Cells to Chemotherapy

As IGF-1, insulin-like growth factor-binding protein (IGFBPs), thyroid-stimulating hormone (TSH),
triiodothyronine (fT3), and free thyroxine (fT4) were evaluated, a trend of decreasing IGF-1 [30,32-34],
decreased T3, and increased fT4 was found [33]. These indicators were measured at baseline, after
fasting (but before chemotherapy) [30,34], and 24 h after chemotherapy [34]. In terms of pathological
responses, the results from one study that involved a small group of patients showed no obvious
impact of SCR on chemotherapy [34]. However, a large RCT showed that three times more partial or
complete pathological responses were observed in patients performing SCR than in patients eating a
regular diet [32]. From patients’ perspectives, they indicated that they performed SCR because it could
improve chemotherapy efficacy [31]. SCR did not have a significant effect on other parameters, such as
inflammatory response [30,33].

4. Discussion

Taken together, the results indicate that SCR during chemotherapy is not likely to cause significant
adverse effects, and is possible to alleviate treatment-induced side effects, improve quality of life,
and stabilize hematological responses. Based on these results, SCRs are worth consideration for
larger human trials; however, more high-quality RCTs are necessary before making relevant clinical
practice recommendation.

The first important and clear takeaway is that SCR is feasible and well tolerated in cancer patients
undergoing chemotherapy, in accordance with researchers who advocate for SCR [8,10]. The side
effects directly caused by SCR were rare, and (if any) mild. Though weight loss and malnutrition
may be the most worrisome side effects of SCR, the studies show that weight loss is minimal and
reversible, and most nutrition parameters (such as prealbumin) remained stable during and after
SCR [34]. Despite the minor side effects, the studies’ participant retention rates remains a big challenge.
In addition, SCR has not yet been thoroughly examined in various types of cancer, male patient
groups, and ethnically diverse patient populations. Ethnic or cultural factors play an important role
in performing SCR, as eating behavior is closely associated with cultural beliefs [36]. Indeed, some of
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the reviewed studies showed that one of the barriers to continuing SCR is the social constraint when
eating with others, since eating can be considered as a social activity and not only as a means to
meet nutritional needs [31,34]. Since only one reviewed study addressed bioelectrical impedance
analysis [33], future research may need to consider monitoring nutritional status more aggressively,
such as by measuring the change in lean body mass [37].

Corresponding to Lee and Longo’s definition of SCR [8,10], the studies that set an SCR regimen
required the participants to stay below 50% of the recommended daily calorie intake for no more than
a week. Apart from this rough recommendation, it is necessary to discuss whether there is a more
precise and appropriate amount and duration of calorie reduction. In the reviewed studies, protocols of
reducing calorie intake to zero or providing a 200-400 kcal calorie intake were achievable. However,
when compared with a zero-calorie intake, providing a small calorie intake or fasting-mimicking
diet caused additional adverse effects, such as aversion or nausea to the provided nutrition [29,38].
On the other hand, the patients showed strong motivation for fasting and indicated that the anxiety
of hospitalization automatically lowered their interest in eating [29-31]. Thus, it seems that shortly
reducing the calorie intake to nearly zero during chemotherapy can be physically and psychologically
acceptable to cancer patients. Future studies are needed to compare the pros and cons of water
fasting, low calorie intake (<350 kcal) and fasting-mimicking diet. Although it is outside the scope
of this review, comparing the outcomes of different kinds of diet modification is an important future
work. For example, it seems that a high-fat, moderate-to-low-protein, and very low-carbohydrate
ketogenic diet is effective against cancer [39,40]. Researchers have also proposed that fructose, amino
acid, methionine, or serine restriction may have impacts on cancer treatment [4]. With regard to
the SCR duration, though all the studies arranged the SCR around chemotherapy, one study that
compared 24-, 48-, and 72-h fasting periods showed that groups that fasted for more than 48 h had
the least DNA damage in healthy cells [34]. This result is similar to previous findings that show
that fasting for longer than 72 h followed by refeeding can protect hematopoietic stem cells from the
chemotherapy-induced toxicity and stimulate the proliferation and rejuvenation of old hematopoietic
stem cells [41]. More work comparing the effects of different SCR durations are needed.

Our findings show clues regarding one of the aforementioned mechanisms [8,13]—the way SCR
selectively protects normal cells from the stress and toxicity of anticancer. Most of the reviewed
studies showed that undertaking SCR with chemotherapy, even for as short a period as a few days,
could have a protective effect of healthy cells, which results in improving the overall quality of life and
alleviating drug-induced side effects, including physical symptoms, nadir, and DNA damage to normal
cells [29,30,33-35]. A couple of studies tried to find the association between SCR and tumor cells’
sensitivity to anticancer therapy [32-35]. The researchers measured IGF-1 or observed pathological
response and imaging reports. Although a decreasing trend in IGF-1 level and a better pathological
response were reported [32-35], the researchers did not arrive at a definite conclusion due to the
limited number of studies and sample size. Then again, only one of the reviewed studies measured
the inflammatory response, and it found no significant change [30]. Thus, it is difficult to conclude
whether SCR had the potential to sensitize tumor cells to chemotherapy or facilitate the establishment
of an environment against tumor growth. Moreover, while one of the proposed mechanisms of
action is related to SCR-induced autophagy, it is imperative to notice the possible two-sided effects of
autophagy modulation in tumor cell. Autophagy has the potential to promote tissue regeneration in
both normal and tumor cells which may limit the effectiveness of chemotherapy [42]. More studies
are needed to (1) explore the mechanism of action, (2) observe biological indicators 48 h or more after
fasting, and (3) ensure a sufficient sample size. In addition, using a method that is sensitive to glucose
metabolism, such as an FDG-PET/CT scan, may capture the treatment effects more precisely.

A new benefit of SCR has emerged from the results of the qualitative study: SCR improves
patients” psychological well-being by empowering them to restore self-control, be proactive, and feel
less uncertain and anxious [31]. The positive psychological impacts of fasting have also been observed
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in healthy women, who experienced an increased sense of achievement, reward, pride, and control [43].
Psychological benefits should be important considerations for future clinical practice and research.

The inherent limitation of this review is the small and narrow study sample. As SCR during
chemotherapy is a developing concept, human research has been conducted within the past ten years,
and only in certain population (mostly female breast cancer) and geographical areas (U.S.A., Germany,
the Netherlands, and France). The generalizability of the results is further precluded because cancer
patients with nutritional issues or in a poor condition were automatically excluded from the studies.
Because SCR had to be performed with chemotherapy, longer chemotherapy regimens could not
be examined.

5. Conclusions

While growing evidence has shown hopeful effects of SCR in in vivo experiments and cancer
patients, this study is the first to synthesize current evidence on SCR performance during chemotherapy
in humans. Our findings suggest that the harm is manageable and that the benefits are worth
investigating. While some RCTs are ongoing [38,44,45], more well-controlled studies with diverse
ethnicities and cancer types are needed to confirm the effects of SCR and to refresh nutrition guidelines.
A long-term follow-up would provide useful information regarding treatment effects and long-term
side effects, yet the researchers need to overcome several challenges, including the low compliance rate.
SCR should be an important consideration in the future, as it is cost-effective and potentially linked to
many clinical outcomes. For example, SCR may be a solution for managing chemotherapy-related
toxicity or hyperglycemia [8,46]. Clinicians’ close follow-up on the emerging evidence of SCR would
provide perspectives for their current practice.
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Abstract: Supervised exercise dietary programs are recommended to relieve cancer-related fatigue and
weight increase induced by adjuvant treatment of early breast cancer (EBC). As this recommendation
lacks a high level of evidence, we designed a multicenter randomized trial to evaluate the impact of an
Adapted Physical Activity Diet (APAD) education program on fatigue. We randomized 360 women
with EBC who were receiving adjuvant chemotherapy and radiotherapy to APAD or usual care
at eight French cancer institutions. Data were collected at baseline, end of chemotherapy, end of
radiotherapy, and 6 months post-treatment. The primary endpoint was the general cancer-related
fatigue score using the MFI-20 questionnaire. Fatigue correlated with the level of precariousness,
but we found no significant difference between the two groups in terms of general fatigue (p = 0.274).
The APAD arm has a smaller proportion of patients with confirmed depression at the end of follow-up
(p = 0.052). A transient modification in physical activity levels and dietary intake was reported in
the experimental arm. However, a mixed hospital- and home-based APAD education program is
not enough to improve fatigue caused by adjuvant treatment of EBC. Cancer care centers should
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consider integrating more proactive diet-exercise supportive care in this population, focusing on
precarious patients.

Keywords: breast cancer; exercise; diet; education; fatigue; weight; quality of life

1. Introduction

Cancer-related fatigue is the most distressing and common symptom reported by patients
undergoing adjuvant therapy for breast cancer (BC) [1-4]. Fatigue provokes an increase in
sedentary behaviors, modification of dietary intake, metabolic changes, fat mass increase, depression,
and anxiety [5], and can alter cancer prognosis and treatment [6-8]. Exercise and nutrition programs
are recommended by experts and medical societies to relieve cancer-related fatigue during active
treatment and to prevent an increase in weight [9,10]. Exercise for cancer patients must include both
moderate-intensity aerobic exercise and muscle-strengthening exercises [9], and be regular, frequent
(at least 2 h per week), and progressive. Nutrition must aim to maintain a healthy weight, promote
eating more plant-based foods, limit red and processed meat, energy-dense foods, salt, sugary drinks,
and alcohol, and not rely on dietary supplements [11]. This is a particularly relevant effect in the
clinical context of BC, as body mass index (BMI) before and after BC diagnosis, and weight gain
after diagnosis were associated with increased mortality in recent meta-analyses [7,8]. Nutritional
consultations help manage nutritional disorders that worsen fatigue, such as anemia, diarrhea, nausea,
and vomiting [10,12].

The combination of exercise and dietary support has been reported to induce significant weight loss
in survivors of early BC (EBC) after adjuvant chemotherapy/radiotherapy [13-15]. Four randomized
controlled trials (RCTs) have assessed the combination of exercise and diet in EBC patients undergoing
adjuvant chemotherapy and/or radiotherapy, but they were designed as pilot trials with less than 30
patients in each randomization group [16-19]. Therefore, the benefits of an exercise-diet intervention
during adjuvant chemotherapy and radiotherapy need to be evaluated in a well-powered and
multicenter RCT. We previously reported a monocentric RCT evaluating an adapted physical activity
and diet (APAD) intervention during adjuvant treatment of EBC [18,20] and found a beneficial effect on
patient-reported outcomes (PROs). However, these results need to be validated in larger, multicenter
cohorts in order to evaluate the impact of the heterogeneity of organizations and sociocultural
parameters on the results of the intervention.

As social deprivation has been reported to significantly impact cancer risk and program efficacy,
this variable needs to be addressed in order to identify the impact of social inequalities on the
performance of a given intervention. For example, vulnerable individuals identified using the
validated Evaluation of Deprivation and Health Inequalities in Public Health Centers (EPICES) index
are more likely already to have cancer, a higher mean BMI, greater prevalence of current smoking, lower
adherence to screening programs, and greater standardized mortality ratio compared to non-vulnerable
individuals [21-23]. Thus, this social grading variable is expected to impact the adherence of patients
to supportive care programs and ultimately induce differences in treatment-induced fatigue in
this population.

We designed the present multicenter RCT to assess the effect of a combined exercise and diet
intervention delivered during a six-cycle adjuvant chemotherapy regimen followed by radiotherapy
on cancer-related fatigue in EBC patients. We hypothesized that the combined supervised program
would yield beneficial effects compared to usual care on cancer-related fatigue as a primary outcome,
especially in patients considered to be more vulnerable in terms of social deprivation. Secondary
outcomes include BMI, nutritional parameters, physical abilities, anxiety-depressive symptoms, and
health-related quality of life.
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2. Materials and Methods

2.1. Design

The present study was a two-arm, multicenter, randomized, controlled, prospective trial.
The APAD2 trial was designed and implemented to evaluate the impact of an exercise and
nutrition-based supportive care intervention during 6 months of chemotherapy and radiotherapy
on fatigue, evaluated using the MFI-20 questionnaire in EBC patients treated in eight French cancer
centers. The APAD intervention was compared to usual care without specific exercise and/or nutrition
care (control arm). The primary hypothesis was the possibility of obtaining a 4-point reduction in the
mean score on the General fatigue subscale in the intervention group with respect to the control group.

2.2. Participants

Eligible participants were women over 18 years of age with histologically proven and
newly (<6 months) affected by EBC accessible to initial surgery, without consideration of their
baseline physical activity level or dietary intake. Patients were enrolled after undergoing curative
surgery. All patients were to receive six cycles of adjuvant chemotherapy (three cycles of
epirubicin/cyclophosphamide/5-fluorouracil every 3 weeks (FEC100 protocol), followed by three
taxane-based cycles, either docetaxel every 3 weeks [24] or paclitaxel weekly for 9 weeks), followed by 6
weeks of radiotherapy. Patients affected by HER2-positive tumors also received adjuvant trastuzumab
for a total of 52 weeks, starting at the initiation of taxane chemotherapy. Exclusion criteria were
metastatic disease, any other primary tumor, medical contra-indications to moderate-intensity physical
activity, inability to attend intervention sessions or assessments, and a difficulty or disability preventing
the patient from correctly understanding the trial information or requirements. The study was approved
by the local ethics committee (NCT04109326) and conducted in accordance with the Declaration of
Helsinki and principles of good clinical practice.

Before chemotherapy, potential participants were identified by the hospital medical oncologists.
All participants were informed of the goal of the study and the potential benefits of diet and exercise on
fatigue during adjuvant therapy. The patients who provided written informed consent and completed
baseline assessments were randomly assigned (1:1 ratio) to the APAD experimental arm or control
arm, stratified by center and precariousness level as assessed by the EPICES score [22] using the
minimization method. Randomization was performed at the Montpellier ICM Biometric Unit using
a computer program generated with Stata software version 12 (StatCorp, LLC, College Station, TX,
USA). Participants, interventionists, and assessors were not masked to group assignment. The control
group was a usual care group without any diet or exercise intervention. No particular material was
delivered to the control group during the intervention, and these patients were not asked to limit
exercise practice or eat/avoid specific foods during the intervention period.

2.3. Intervention

The APAD education program, which was based on the previously published trial method [18],
was implemented during chemotherapy and radiotherapy (26 weeks). The intervention included
twice-weekly exercise sessions and six individual nutritional therapeutic education sessions.
The exercise sessions were individually supervised hospital-based exercise sessions and non-supervised
home-based sessions combining one muscle strength session and one aerobic session each week
(Figure 1). The nutritional education sessions targeted body weight control and the modification
of feeding behaviors according to the WCRF recommendations [25]. The nutritional sessions were
planned on the same days as supervised hospital-based exercise sessions. The intervention was tailored
to maintain the patients’ exercise level and dietary intake in accordance with the guidelines throughout
the intervention period.
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Figure 1. Flow diagram of the Adapted Physical Activity Diet 2 (APAD2) trial. C indicates chemotherapy
cycle time points. X indicates intervention times in the associated randomization arm. Number of
participating patients: TO (Baseline): Control (1 = 180), Adapted Physical Activity Diet (APAD) (1 = 180).
T2 (completed Chemotherapy and Radiotherapy sessions): Control (n = 170), APAD (n = 160). T3 (1 year
after inclusion): Control (n = 157), APAD (n = 144).

2.3.1. Exercise

The exercise program delivered by trained professionals combined aerobic and muscle
strengthening exercises according to international recommendations: 120 min of moderate to vigorous
physical activity per week associated with strength training [9,26-28]. One muscle strength session
and one aerobic session were scheduled each week (10 min of warm-up, at least 30 min of exercise,
10 min of stretching and 10 min of relaxation time with a goal of muscle recovery and well-being).
Strength sessions targeted six main muscle groups (hamstrings, quadriceps, buttocks, abdominal, back,
shoulders/arms), and each skill was performed for 2 to 5 sets with 6 to 12 repetitions with individual
adaptation and progression. Aerobic exercise was performed at moderate intensity and adapted
to the patient’s physical condition and progression, with a target of 50-75% of the maximum heart
rate for 30 to 45 min (adapted to the patient’s physical condition). The initial exercise intensity was
individualized but generally began at 50-55% of the maximum heart rate and progressed to 65-75%
of the maximum heart rate by weeks 20 to 26. Supervised hospital-based sessions were achieved on
a cycloergometer. For home-based practice, patients were given the option of various modalities of
aerobic exercise (e.g., walking, jogging, cycling, dancing/fitness, swimming) to sustain adherence to
the program and promote enjoyment. Hospital-based supervised exercise sessions aimed to provide
the patients with relevant instructions that allow reproducibility at home and increased autonomy.
Every supervised session was based on theory-based behavioral targets and techniques to improve
behavioral change and patient adherence. Hospital-based supervised exercise sessions were scheduled
on the same day as chemotherapy and during radiotherapy every 3 weeks to avoid additional cost.
A total of eight hospital-based supervised exercise sessions and 44 at-home sessions were planned
during the course of the intervention. Non-supervised, home-based sessions were planned at least
twice per week, except only one home-based session was scheduled for the weeks that included one
supervised hospital-based exercise session. Precise written instructions were given to patients in the
educational and personable APAD-Moving workbook, which included information on their disease
and reasons for being physically active during active treatment for cancer, illustrated instructions on
performing the home exercises, the schedule for planned home-based sessions, and a patient log to
evaluate adherence. Patients were asked to fill in the adherence log at home with whether planned
sessions were achieved, the number of achieved muscular exercises, duration of each session, rating of
perceived exertion (on scale of 1 to 10), reason for missed sessions, and anything else that they would
like to discuss with the exercise specialist at the next supervised session.
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2.3.2. Diet

Patients in the intervention arm received diet counselling with therapeutic education from a
dietician at six individual face-to-face sessions. Each session lasted approximately 30 min. During
chemotherapy, four diet sessions were scheduled to achieve balanced dietary intake, advising patients
on controlling weight and managing with the potential toxicities and side effects of chemotherapy.
Two more sessions were planned at the beginning and end of radiotherapy for all intervention groups.
Weight control was pursued in patients with BMI < 30 kg/mz; weight normalization was targeted
in patients with BMI > 30 kg/m? (i.e., to decrease BMI to less than 30 kg/m? by the end of adjuvant
therapy). Each consultation involved an evaluation of nutritional status, nutrition care tailored to
the patient’s caloric needs and potential toxicities related to treatment, and nutritional education.
The purpose of these consultations was to teach the principles of a well-balanced diet, foster weight
control during treatment, and induce appropriate feeding behaviors after treatment.

2.3.3. Evaluation of Nutritional Status

At the first session, nutritional status was evaluated based on the patient’s usual weight, current
weight, and their weight measured 1 to 6 months prior to study enrollment according to the French
National Authority for Health criteria. The dietician assessed the patient’s daily energy requirement
by computing their basal metabolic rate (BMR) [29] according to the corrected formula of Harris and
Benedict. Dietary intake was prospectively measured by asking patients to fill out a questionnaire on
3 consecutive days of food intake at the first and last session. For the other sessions, dietary intake was
measured by a 24-h recall food survey and a 10-point visual analogue scale.

2.3.4. Nutrition Care

Nutrition care aimed for weight control through balanced dietary intake tailored to the patient’s
energy needs and potential toxicities related to the cancer treatment. The dietician verified the patient’s
intake utilizing the following guidelines: daily energy intake was compared to the estimated daily
energy needs, patients were guided to regularly distribute their dietary intake into three main meals
with an optional snack in the afternoon, macronutrient distribution was compared to the French
dietary reference intakes for a balanced diet (i.e., 30-35% lipids, 50-55% carbohydrates, and 10-15%
protein) [30], and food group intake was guided to meet the recommendations of the WCRF [25].
If the patient’s habits did not correspond with these guidelines, or their daily energy intake was
higher or lower than 10% of the estimated daily energy needs, the dietician counselled the patient
on modifications regarding foods, nutrients, meals, and calorie distribution. If the patient’s BMI was
>30 kg/m? by the end of chemotherapy, a new weight goal was set to decrease the patient’s BMI to the
range of 25 to 30 kg/m?. A new range of daily energy needs was then estimated with a corresponding
distribution according to food group balance and the WCRF guidelines [25]. Patients were given a
printed example of food groups, servings, and distribution that they may eat on a typical day. In the
following sessions, the dietician computed the patient’s intake again and adapted the advice to the
evolution of the patient’s intake. Specific advice was given to patients on the management of potential
toxicities and side effects of chemotherapy.

2.3.5. Nutritional Education

Nutritional education aimed to teach the patients the principles of a well-balanced and healthy
diet based on WCRF guidelines [25], inform them of industrial food packaging, and fight preconceived
ideas by using practical applications and educational games. Nutritional education was tailored to the
patients” habits and means, precariousness level, and cultural and social environment.

Session 1: Presentation of detailed well-balanced menus.

Session 2: Identify the nature and specific roles of food groups—food balance education based on
the food pyramid presentation.
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Session 3: Food balance education based on the “APAD fridge game” consisting of the elaboration
of three balanced meals with the food provided on the picture (food and dish choices from proposed
menus to obtain balanced meals in special contexts, such as picnic, fast food, or restaurant).

Session 4: Teach to read labels and food packaging—food balance education through examples of
complex mixed dishes (e.g., lasagna).

Session 5: Evidence-based information on the relationship between nutrition and cancer using a
quiz game pointing out preconceived ideas.

Session 6: Post-treatment diet benefits and recommendations, and delivery of a booklet
summarizing dietary WCRF recommendations.

2.3.6. Missed Sessions

Missed supervised exercise or diet counseling sessions at the hospital during chemotherapy could
not be rescheduled, as the patients only came to the hospital once every 3 weeks during chemotherapy.
In the case of a missed supervised session, a phone call was made to the patient by the exercise and/or
diet specialists. The discussion focused on reasons for not attending the session, patient adherence
in the last 3 weeks, encouraging the patient to attend future exercise or diet counseling sessions,
taking into account the difficulties, and delivering education targets and content of the missed session
if possible.

In contrast, missed supervised hospital-based sessions during radiotherapy were rescheduled
as soon as possible because most of the patients came to the hospital every weekday during
radiation therapy.

2.4. Outcomes and Assessments

The endpoints and assessments were concordant with those of the previous APAD] trial [18,20].
Endpoints included subjective PROs and objective outcomes. Assessments were conducted at each
site at baseline, just before the start of adjuvant chemotherapy (T0); the end of chemotherapy (T1);
end of radiotherapy (T2); and the 6-month follow-up (T3). The primary endpoint was self-reported
cancer-related fatigue assessed by the General fatigue subscale of the Multidimensional Fatigue
Inventory (MFI-20) [31,32], a 20-item self-report instrument that covers five dimensions. The other
four subscales (Physical fatigue, Mental fatigue, Reduced activity, and Reduced motivation) and the
total score were considered secondary outcomes.

An objective measure of physical fatigue, lower limb muscle endurance, was measured using
the sit-to-stand test at 15 and 30 s. The adherence to chemotherapy was evaluated using the
relative dose intensity (RDI), which was calculated as the ratio of the cumulative dose intensity
(mg/m?/week) to the dose intensity planned in the chemotherapy protocol. In addition, anxiety and
depression symptomatology was evaluated using the 14-item Hospital Anxiety Depression Scale
(HADS) self-report questionnaire [33]. Quality of life (QoL) was assessed by the EORTC QLQ-C30
questionnaire, a validated cancer-specific instrument [34] evaluating five functions (physical, role,
cognitive, emotional, and social), nine symptoms (fatigue, pain, nausea and vomiting, dyspnea, loss
of appetite, insomnia, constipation, diarrhea, and financial difficulties), and global health status.
Physical activity was assessed using the 16-item Global Physical Activity Questionnaire (GPAQ)
developed by the World Health Organization (WHO) [35,36]. The GPAQ assesses the intensity,
duration, and frequency of physical activity in a usual week in three domains: activity at work, travel
to and from places, and recreational activities. Physical activity is then expressed in terms of metabolic
equivalent (MET), which is the ratio between the speed of metabolism during physical activity and the
speed of metabolism at rest [37]. MET values are applied to vigorous and moderate intensity variables
in work and recreational settings. One MET is defined as 1 kcal/kg/h and is equivalent to the energy cost
of sitting quietly. We attribute 4 MET and 8 MET to the time spent on moderately intense and vigorous
physical activity, respectively. Outcomes considered were average METs (MET/min/day) from activities
of moderate and vigorous intensity (work and recreational); average METs from moderate intensity
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transport (cycling and walking), total physical activity (MET-minutes/week), and sedentary time
(min/day). We also calculated the proportion of patients with a low level of total physical activity and
the proportion of patients that failed to meet the WHO recommendations. Anthropometric measures
(body weight, height, BMI, and waist circumference) were used to describe weight gain. Dietary intake
was evaluated using a food record [38] of the foods and beverages consumed for 3 consecutive days
(including one weekend day); the data were entered into nutritional analysis software and calories and
nutrient intake computed (Nutritional Analysis Software, release 8, Villiers-les-Nancy: MICRO 6, 2007).
All endpoints, except the nutritional evaluation, were assessed at four time points: pre-intervention,
baseline assessment before the start of adjuvant chemotherapy (T0); end of chemotherapy (T1); end
of radiotherapy (T2; i.e., immediately post-intervention); and 6 months after the end of treatment
(i.e., 1 year after inclusion in the study). The nutritional evaluation was conducted at three time points:
TO, T2, and T3.

2.5. Statistical Considerations

2.5.1. Sample Size Calculation and Randomization

The sample size calculation was based on the primary endpoint, the General fatigue subscale of
the MFI-20 questionnaire. Smets et al. [31] estimated a mean score of 16 (standard deviation [SD] 8) for
the General fatigue subscale in cancer patients undergoing radiotherapy; therefore, we considered
this the reference value and the main time point of the evaluation was T2. In order to detect a 4-point
reduction in the mean score on the General fatigue subscale in the intervention group with respect to the
control group (i.e., reduction of 25% of the reference), the sample size calculation was based on a global
risk alpha of 1% (bilateral situation), 90% (1-p) power, SD of 9, and the consideration of a repeated
measures design (one pre-intervention measure and roughly three post-intervention measures, with a
hypothetical correlation coefficient between measures of 0.2). The sample size was estimated to be
161 patients per arm in Stata Statistical Software, Release 10 (StataCorp, College Station, TX, USA).
Considering a 12% loss to follow-up, 180 patients were required per group, a total of 360 patients
overall in the trial. Randomization (1:1) was achieved using the minimization method and patients
stratified according to two factors: the level of socioeconomic deprivation assessed by the French
EPICES score [21,22] and recruiting center. Randomization was centralized at the Biometrics Units of
the ICM, Montpellier.

2.5.2. Statistical Analysis

All analyses were performed in the intention-to-treat population. Analyses related to the impact
of the program were also performed in the per-protocol population. This population considers all
eligible patients treated and evaluated, which in the case of the intervention arm was defined as all
patients who completed at least one supervised or unsupervised exercise session. An initial descriptive
analysis of the baseline variables was performed and balance between treatment groups checked for
the main demographic, socio-professional, clinical, and PRO variables.

The efficacy of the program was evaluated by the relative difference in the General fatigue score
at each time point (T1, T2, and T3) with respect to TO and compared between two groups using the
Kruskal-Wallis test. A model approach was also used; the evolution of the General fatigue score
over time was assessed using a linear mixed model (LMM). Random intercepts and random slopes
were included to take into account the time effect. Interaction terms were also considered. The model
coefficients were estimated by maximum likelihood; coefficients are presented as 31 for arm effect
(APAD with respect to control) and as 3¢ for time effect. Separate models were adjusted for each other
of the MFI-20 questionnaire subscales and for all other secondary endpoints.

The EORTC QLQ-C30 was analyzed following the EORTC guidelines [39], with scores for each
functional and symptom subscale. HADS scores assessing anxiety and depression were categorized
according to Zigmond classification (absence of disorder, suspected disorder, disorder).
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Physical activity data recorded with the GPAQ were analyzed according to the WHO guidelines
and using the STEPS analysis syntax program for cleaning and analyses.

Categorical and ordinal variables were compared using the Pearson chi-squared or Fisher’s exact
tests. Continuous variables were presented as mean and standard deviation (SD) and were compared
using the non-parametric Kruskal-Wallis test.

In the case of missing values, no imputation method was used. All reported p-values are two-sided,
and a significance threshold of 0.05 was considered. Statistical analyses were performed using the
STATA 13 software (StataCorp LP, College Station, TX, USA).

2.6. Ethics Approval, Consent to Participate and Trial Registration

The study was approved by the French institutional review board (i.e., Comité de Protection
des Personnes Sud-Méditerranée III; N°ID-RCB: 2012-A01648-35), the Agence Nationale de Sécurité
du Médicament et des produits de santé (N° ANSM: 130313B-12), and the Commission nationale de
I'informatique et des libertés. Written informed consent was obtained from all participants. The trial
was registered under the identification number NCT04109326.

3. Results

From May 2013 to December 2014, 360 patients were randomized at eight centers to the APAD
(n = 180) and control (n = 180) arms. PROs were collected from 99%, 85%, 81%, and 71% of the
360 randomized patients at TO, T1, T2, and T3, respectively (Figure 2). Thirty-eight patients in the
APAD arm (21%) did not complete any of the supervised or unsupervised exercise sessions. Among
the per-protocol APAD population (1 = 142), 67 patients (47.2%) had 80% adherence to the exercise
program (defined as the completion of at least 80% of supervised and 80% of unsupervised sessions);
93 patients (65.5%) had global 80% adherence (both modalities confounded).

Randomized
(n=360)
v

l o

>A||ocated to contrél arm (n=180) Allocated toVAPAD arm (n=180)

Allocation
n=1 excluded due to metastatic disease
vProwded PROs | 'Prowded PROs:
Baseline (T0); n=178 Baseline (T0); n=180
18 weeks, end of chemotherapy (T1); n=157 18 weeks, end of chemotherapy (T1); n=150
Follow-Up
26 weeks, end of radiotherapy (T2); n=147 26 weeks, end of radiotherapy (T2), n=144
52 weeks, 6-month follow-up (T3); n=130 52 weeks, 6-month follow-up (T3); n=124
ITT population (n=180) ITT population (n=180)
Analysis

Per-protocol population (n=179) Per-protocol population (n=142)

38 patients did not complete any
exercise session, supervised or
unsupervised

80% adherent (n=67/142; 47.2%)

Figure 2. CONSORT diagram of the study.

The baseline characteristics of the patients are presented in Table 1. Most of the patients completed
the study (80% in the APAD arm, 87.7% in the control arm). The study was discontinued early for 17%
and 7.2% of the patients in the APAD and control arm, respectively, due to patient withdrawal from
the study (p = 0.014).
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Table 1. Baseline characteristics of patients in the intention-to-treat population.

Control APAD Total
n =180 n =180 n =360
Mean SD Mean SD Mean SD
Age (years) 52.35 10.09 52.66 9.69 52.51 9.88
Weight (kg) 67.00 14.13 68.41 14.60 67.71 14.36
BMI (kg/mz) 2522 5.30 25.72 5.14 25.47 522
BMI categories n %o n % n %
<18.5 kg/m? 6 3.33 2 1.12 8 2.23
18.5-24.9 kg/m? 99 55.00 95 53.07 194 54.04
25-29.9 kg/m2 45 25.00 45 25.14 90 25.07
>30 kg/m? 30 16.67 37 20.67 67 18.66
Post-menopausal 88 48.89 88 48.89 176 48.89
Tobacco smoking
Non-smoker 102 56.67 86 47.78 188 52.22
Smoker 29 16.11 34 18.89 63 17.50
Ex-smoker 49 27.22 60 33.33 109 30.28
Marital status
Single/divorced/widowed, no child 16 8.99 10 5.56 26 7.26
Single/divorced/widowed, with child 23 12.92 37 20.56 60 16.76
Married/living together, no child 21 11.80 26 14.44 47 13.13
Married/living together, with child 118 66.29 107 59.44 225 62.85
Education level
No qualifications 29 16.57 24 13.56 53 15.06
Secondary level 43 24.57 31 17.51 74 21.02
Completed high school 29 16.57 43 24.29 72 20.45
Completed > 2 years at university 74 4229 79 44.64 153 43.47
Usual professional status
Full or part-time employed 97 53.89 103 57.22 200 55.56
Retired 42 23.33 41 22.78 83 23.06
Unemployed/medical leave 41 22.78 36 20.00 77 21.38
EPICES precariousness (or deprivation) level
Non-precarious 109 60.56 109 60.56 218 60.56
Intermediate 60 33.33 60 33.33 120 33.33
Precarious 11 6.11 11 6.11 22 6.11
Surgery type n % n % n %
Lumpectomy 89 49.44 88 48.89 177 49.17
Quadrantectomy 37 20.56 45 25.00 82 22.78
Mastectomy 54 30.00 46 25.56 100 27.78
T stage
T1 91 50.56 97 53.89 188 52.22
T2 74 41.11 73 40.56 147 40.83
T3 11 6.11 8 4.44 19 528
T3 3 1.67 1 0.56 4 1.11
T4 1 0.56 0 0 1 0.28
Tis 0 0 1 0.56 1 0.28
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Table 1. Cont.

Control APAD Total
n =180 n =180 n =360
T stage
NO 71 39.66 79 44.63 150 42.13
N1 86 48.04 83 46.89 169 47.47
N2 14 7.82 11 6.21 25 7.02
N3 7 391 3 1.69 10 2.81
NX 1 0.56 1 0.56 2 0.56
Breast cancer subtype
Triple negative 17 18.48 17 18.89 34 18.68
HER2+, ER+, and/or PR+ 29 31.52 35 38.89 64 35.16
HER2+, ER—, and PR— 9 9.78 10 11.11 19 10.44
HER2-, ER+, and/or PR+ 37 40.22 28 31.11 65 35.71

3.1. Fatigue

Compared to T0, the median relative difference in General fatigue scores at T1 was 25% in the
control arm and 21% in the APAD arm, which is not a significant difference between the two arms
(p = 0.274; Table 2). At T2, the increase in fatigue was greater in the APAD arm (20%) than in the
control arm (8%), but the difference was still not significant (p = 0.157). However, at T3, 1 year after
inclusion, the increase in fatigue in the APAD arm (15%) was lower than that of the control arm (20%),
though it was not statistically or clinically significant (p = 0.933, Figure 3). According to the adjusted
model, general fatigue tends to increase over time (3¢ = 0.024 [95% CI 0.01; 0.034]; p < 005) without an
observable effect of the intervention in terms of a reduction in general fatigue over time (31 = 0.33,
p = 0.374; Table 2).
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Figure 3. Evolution of the MFI General Fatigue score according to randomization arm in the
intention-to-treat population. Data are presented as mean + SD.
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No significant benefit of the APAD program was observed when the analysis was conducted by
precariousness level (EPICES score). However, we observed a clear gradient in the baseline fatigue
according to the stratum of precariousness, with the fatigue level being higher for the most precarious
stratum throughout the study (Figures S1 and S2).

For all other fatigue subs-scales of the MFI20, no difference was observed between treatment arms
with respect to their evolution over time. Overall, physical and mental fatigue tended to increase across
time in both arms (g = 0.02 and 3¢ = 0.03, p < 0.05; Table 2). Notably, a baseline imbalance disfavoring
the APAD arm was observed for Mental fatigue (p = 0.019) and Reduced motivations (p = 0.025).

When the fatigue sub-scales were analyzed in the per-protocol population (Table S1), we observed
that the APAD program had a positive impact, enhancing motivation over time despite the initial
imbalance ($2 = —0.023 [95% CI —0.39; —0.008]; p = 0.003), and reducing mental fatigue (32 = —0.020
[-0.04; 0.002], p = 0.069).

In a sub-group analysis considering the 80% adherent population in the APAD and control
arms, we found no significant difference in the relative differences in General fatigue scores (primary
endpoint) (data not shown).

3.2. QoL and Psychological Distress

Quality of life and psychological distress scores on the EORTC QLQ-C30 and HADS, respectively,
at baseline and during follow-up are described in Tables 2 and 3. At the end of radiotherapy, we found
no significant difference between arms in terms of QoL (Table 2, Figure S3). Overall, emotional function
(both arms together) increased (LMM coefficient 3o = 0.004 [0.002; 0.005], p< 0.01) and cognitive
function decreased (9 = —0.002 [-0.004; —0.001], p < 0.01) over time. The symptom fatigue also
increased (3¢ = 0.004 [0.001; 0.007], p = 0.018), which is consistent with the results observed in the MFI
score analysis. No impact of the APAD program was observed in regard to improving QoL dimensions
global health status, functional dimensions, and fatigue symptoms.

When the analysis was conducted on the per-protocol population (Table S1 and Figure S4),
we observed slightly better physical function at the end of radiotherapy (p = 0.043), but the LMM did
not show a global trend over time for an impact of the APAD program on this function (31 = 0.025
[-0.034; 0.084]; p = 0.800).

In a sub-group analysis considering the 80% adherent population in the APAD and control arms,
we observed significantly better physical function in the APAD subgroup at T2 (p = 0.003) and T3
(p = 0.017). However, in that subgroup analysis, a baseline imbalance favored the 80% adherent APAD
subgroup, which exhibited better physical function (p = 0.028) and lesser pain symptom (p = 0.002) at
TO. This may be explained, in part, to better adherence to the program.

Regarding psychological distress (Table 3), a lower proportion of patients with confirmed
depression (score >10) was observed in the APAD arm (54.03%) with respect to control (66.92%) at T3
(p = 0.052). A similar result was observed in a per-protocol analysis (p = 0.026; Table S2).
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Table 3. Anxiety and depression disorders in the intention-to-treat population.

Control APAD
n % n % P
Baseline (T0)
Anxiety 0.662
Absence (<7) 0 0.00 0 0.00
Suspected (8-10) 2 1.12 3 1.67
Confirmed (>10) 176 98.88 177 98.33
Mean anxiety (SD) 11.85 (2.56) 11.92(2.69)
Depression 0.368
Absence (<7) 0 0.00 2 1.11
Suspected (8-10) 70 39.33 71 39.44
Confirmed (>10) 108 60.67 107 59.44
Mean depression (SD) 18.93 (3.34) 18.78 (3.54)
End of chemotherapy (T1)
Anxiety 0.974
Absence (<7) 0 0.00 0 0.00
Suspected (8-10) 1 0.64 1 0.67
Confirmed (>10) 156 99.36 149 99.33
Mean anxiety (SD) 12.29 (3.21) 11.99 (3.03)
Depression 0.163
Absence (<7) 0 0.00 3 2.00
Suspected (8-10) 55 35.03 57 38.00
Confirmed (>10) 102 64.97 90 60.00
Mean depression (SD) 20.25 (3.26) 20.46 (3.22)
End of radiotherapy (T2)
Anxiety
Absence (<7) 0 0.00 0 0.00
Suspected (8-10) 0 0.00 0 0.00
Confirmed (>10) 147 100.00 142 100.00
Mean anxiety (SD) 11.69 (3.04) 11.97 (3.04)
Depression 0.576
Absence (<7) 1 0.68 1 0.70
Suspected (8-10) 68 46.26 57 40.14
Confirmed (>10) 78 53.06 84 59.15
Mean depression (SD) 20.38 (3.06) 20.08 (3.34)
1 year after inclusion (T3)
Anxiety 0.367
Absence (<7) 0 0.00 1 0.81
Suspected (8-10) 1 0.77 0 0.00
Confirmed (>10) 129 99.23 123 99.19
Mean anxiety (SD) 11.85 (2.42) 11.81 (3.11)
Depression 0.052
Absence (<7) 0 0.00 2 1.61
Suspected (8-10) 43 33.08 55 4435
Confirmed (>10) 87 66.92 67 54.03
Mean depression (SD) 20.26 (2.87) 19.87 (3.62)

3.3. Physical Activity

Dimensions of the GPAQ and sit-to-stand test are described in Table 4.
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The intervention had a positive impact on the total MET (Figure 4) and on the moderate intensity
recreational activities (Figure 5), as they were significantly higher in the APAD arm with respect to
control (1 = 0.74[0.37; 1.10]; p < 0.001 and 31 = 0.96 [0.46; 1.43]; p < 0.001). However, the sitting or
reclining time per day appeared to be slightly higher in the APAD arm (31 = 0.18 [0.02; 0.33]; p = 0.023;
Figure S5).

3000
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1000
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Figure 4. Evolution of the total MET based on the GPAQ according to randomization arm in the
intention-to-treat population. Data are presented as mean + SD.

1000

Recreational : Moderate intensity (MET.min/wk)

26
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Figure 5. Moderate intensity recreational MET over time based on the GPAQ according to randomization
arm in the intention-to-treat population. Data are presented as mean + SD.

Regarding compliance with WHO recommendations (Table 5), patients in the APAD arm more
frequently met the recommendations compared to the control arm at T1 (81.40% vs. 61.87%, p < 0.001)
and T3 (86.60% vs. 68.14%, p = 0.002).
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Table 5. Compliance with the WHO Stepwise ! recommendations for physical activity (GPAQ) in the
intention-to-treat population.

Control APAD Total
n % n % n % p
Baseline (T0)
Low activity 0.084
No 105 6646 96 5714 201 61.66
Yes 53 3354 72 4286 125 38.34
Failed to meet. WHO 0.568
recommendations
No 118 7468 130 7738 248 76.07
Yes 40 2532 38 2262 78 2393
End of chemotherapy (T1)
Low activity 0.004
No 71 51.08 88 6822 159 59.33
Yes 68 4892 41 31.78 109 40.67
Failed to meetA WHO 0.000
recommendations

No 86 61.87 105 8140 191 71.27
Yes 53 3813 24 1860 77 2873

End of radiotherapy (T2)

Low activity 0.094
No 81 6045 90 7031 171 65.27
Yes 53 3955 38 29.69 91 3473

Failed to meet. WHO 0.071
recommendations
No 95 7090 103 8047 198 75.57
Yes 39 2910 25 1953 64 2443
1 year after inclusion (T3)
Low activity 0.003
No 64 5664 74 7629 138 65.71
Yes 49 4336 23 2371 72 3429
Failed to meetA WHO 0.002
recommendations

No 77 6814 84 86.60 161 76.67
Yes 36 31.86 13 1340 49 2333

1 STEPS analysis program.

3.4. Dietary Intake

The evolution of dietary intake and weight control by randomization arm is summarized in Table 6
and Figure S6. At T2, a significant increase in the consumption of fiber was observed in the APAD arm
(p = 0.020), as well as a reduction in the consumption of animal proteins and alcohol (p = 0.003 and
p = 0.019, respectively). However, both reductions seem to have been only temporary, as 6 months
later the effect was diminished. These results were confirmed when we analyzed the evolution of these
parameters over time in an LMM.

According to the adjusted LMM, the intervention had a positive significant impact on increasing
fiber consumption over time (31 = 0.096 [0.026; 0.17]; p = 0.007). A trend of reduced consumption of
animal proteins was also observed and was lower in the APAD arm than the control arm (31 = —0.26
[-0.55; 0.017]; p = 0.066). No change in weight over time was observed.
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3.5. Chemotherapy Completion Rates

The RDI was high overall, with 90.7% and 80% of the patients having an RDI > 80% and 90%,
respectively, in the intention-to-treat population. No difference was found between the two arms
(80.79% vs. 79.21%, p = 0.71 for RDI > 90%; 91.53% vs. 89.89%, p = 0.595 for RDI > 80% in APAD and
control arms, respectively).

4. Discussion

In the present study, we reported the results of a large, multicenter, randomized trial evaluating the
impact of an APAD education program on fatigue, fat mass, and health-related QoL. The results do not
support our previous conclusions [18,20] and the main hypothesis of the efficacy of the exercise and diet
education program to relieve cancer-related fatigue in EBC patients receiving adjuvant treatments. One
of the main pitfalls could be linked to patient adherence to the protocol. The drop-out rate in the present
study was higher in the APAD arm, with 17% of the population discontinuing the program early. In
addition, the intensity of physical activity appears to have insufficient autonomy, with low adherence to
the intervention. Twenty-one percent of the patients did not perform the complete supervised exercise
sessions, and only 65% had completed at least 80% of the home sessions. Our intervention appears to
change low activity only. Thus, this education program appears to be more of a lifestyle change, in
terms of adherence and clinical impact, to more active practice, as confirmed by the high proportion
of patients achieving the WHO targets without achieving a level of physical activity high enough to
induce a clinically significant reduction in fatigue. The design of our program, with discontinuous
supervision, may explain the ambiguous results for fatigue during follow-up [40—45].

As reported in recent meta-analyses and guidelines, supervised exercise interventions appear
to have significantly greater effects on fatigue than unsupervised exercise interventions, and shorter
supervised interventions with a duration <12 weeks appear to induce greater effects on fatigue than
supervised interventions with a longer duration [9,46]. However, the results indicate significant
benefits on depressive symptoms. This impact supports a reported decrease in psychological distress
and an improvement in self-esteem with exercise [9].

In contrast to our hypothesis, we found no significant effect of the intervention on BMI and
the chemotherapy completion rates. Previous reports on combined diet and exercise interventions
delivered during chemotherapy [16,17] failed to find any benefits on hip circumference and BMI.
One explanation could be based on the significant, but transient, modification of nutritional intake,
specifically animal proteins, alcohol, and fiber, without persistent marked behavioral modifications, as
highlighted by the trends in protein and lipid consumption in the LMM. Evaluation of the impact of
continued education programs, with later-time supervised sessions, could help define the best method
of sustaining early changes.

A meta-analysis of 32 randomized studies comprising 2626 EBC patients evaluated the impact
of supervised aerobic or resistance exercise interventions during adjuvant treatment and reported a
pooled significant improvement in strength [47]. High-dose training or a focus on resistance training
appears to be associated with better effects on strength in this patient population [41,45,48]. At the same
time, health education interventions appear to be associated with a lesser impact on cancer-related
fatigue compared to exercise training [49].

Regarding behavioral outcomes after combined interventions including diet and exercise
components delivered during chemotherapy, two studies [16,17] yielded significant changes in
dietary intake and one presented significant changes in total physical activity in the intervention group
(post-vs. pre-intervention) [17]. Our APAD intervention had a significantly favorable impact on leisure
time physical activity at the end of chemotherapy and the end of radiotherapy, but improvements
in total physical activity were not significant. Physical activity done in the framework of the APAD
intervention was reported in the leisure category, which explains the enhancement of that physical
activity type in our study. Regarding dietary intake, no significant changes were observed in the
APAD arm of our study versus usual care. The 3-day record method and food to nutrition conversion
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software we used generated large standard deviations (see Table 4, baseline values for nutrients)
that possibly impaired the statistical power to detect a between-group difference. The two previous
studies [16,17] that demonstrated dietary changes analyzed dietary data that were collected by food
frequency questionnaires.

Few studies evaluating a diet and/or exercise intervention have included follow-up
measures [40-44]. Most of them, such as our present study, failed to show that significant effects
were maintained after the end of the intervention [40,42,44,45]. One study reported improvements
in the 6-min walk test 6 months post-intervention [43]. Difficulties could be related to the weak
supervision and support over time, making patients unable to maintain the initially induced changes
in behavior. The impact of the intervention seems to be limited in time, even for trials evaluating
different doses of exercise in this context [50]. This finding may promote the necessity of setting longer
supervised intervention models that can include, for example, the present “in-treatment” module
during the chemotherapy part of the treatment plan, followed by additional supervised sessions
during radiotherapy and a 6-month internet-based “survivor” module designed to maintain behavioral
changes and support autonomy with limited cost. Several telephone- or internet-based diet-exercise
interventions have been tested in BC survivors and yielded health benefits [51-53] with moderate
to good adherence rates (from 41-87% of adherent patients) [54]. However, these adherence rates
pinpoint the need for enduring strategies to maintain the motivation of this “survivor” population.
In the study by Stone et al., adherence was significantly associated with moderate levels of exercise
interventions (similar to the activity levels selected in our present study), BMI, physical health, and
employment status, with reduced adherence in women working full-time compared to those who do
not work full-time [55]. These findings, combined with the difference in general fatigue found in the
present study, encompass the impact of social inequalities on the global impact of cancer and cancer
treatments, as well as access and adherence to supportive care programs in these populations.

Our study was designed primarily to validate our previous results by assessing, in a pragmatic
context, the effectiveness of an education program on exercise and diet compared to the standard of
care in France (the usual care control arm). Though pragmatic and comprehensive, the main drawback
of this design is that it does not allow disentanglement of the independent effects of exercise and
dietary components. Another limitation is the differential drop-out rate in the APAD vs. usual care
groups. Although many outcomes improved significantly in the APAD arm, and an increase was
observed in the declared leisure physical activity, the between-group difference was not significant for
objectively measured physical activity. The spontaneous physical activity level of the usual care group
may have partly diluted the effects of the APAD intervention. Given the number of comparisons we
made at each time point for the secondary outcomes without adjusting for multiple testing, we would
expect a few false discoveries by chance.

Finally, based on the publication of Smets et al. [31], we hypothesized that our population would
be affected by significant levels of cancer- and treatment-induced fatigue. However, our population was
affected by much lower levels of fatigue than the expected mean Global fatigue score of 16, as the mean
General fatigue scores were 9.95 and 9.63 for the APAD and control arms, respectively. These relatively
low levels of fatigue could explain some of the negative results. Buffart et al. recently reported in a
meta-analysis that, even if exercise induced a benefit for all patients during treatment, only patients
affected by the worse levels of fatigue experienced a persistent impact of exercise post-treatment [56].
Thus, targeting specific subgroups of patients with higher scores for fatigue or variables associated
with a greater level of fatigue during treatment may be more beneficial and cost-effective. In this regard,
the observation of a gradient in the level of fatigue throughout the treatment period according to the
stratum of precariousness confirms that the level of precariousness evaluated using the EPICES score
is a stratification factor and fully justifies its inclusion as a stratification factor in this study. It seems
important to consider this social parameter in the design of future studies evaluating the impact of
supportive care interventions during the treatment of EBC.
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5. Conclusions

In French patients receiving adjuvant treatment for EBC, a mixed hospital- and home-based diet
and exercise education program during adjuvant chemotherapy and radiation therapy inducing a
transient modification in the level of physical activity and dietary intake is not sufficient to demonstrate
improvements in fatigue during and after treatment. We found no impact on the dose intensity of
chemotherapy. Fatigue appears to correlate with the level of precariousness. Cancer care centers
should consider integrating more proactive diet-exercise supportive care into the management of
patients with BC who are receiving chemotherapy and/or radiotherapy, focusing on fatigued and/or
precarious patients. Additional information is needed in order to identify the optimal intervention
timing to induce persistent lifestyle changes and reduce long term alterations of patients” quality of life
in this setting.
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Abstract: Following a diet rich in whole grains, vegetables, fruit, and beans may reduce cancer
incidence and mortality. The aim of this study was to investigate the effect of Coping with Cancer
in the Kitchen (CCK), an 8 week in-person program offering education, culinary demonstrations
and food tasting, and psychosocial group support, compared to receiving CCK printed materials by
mail on knowledge, confidence, and skills in implementing a plant-based diet. A total of 54 adult
cancer survivors were randomly assigned to intervention (1 = 26) and control groups (n = 27) with
assessments at baseline, 9, and 15 weeks via self-administered survey. The response rate was 91%
at 9 weeks and 58% at 15 weeks. The majority of our study participants were female breast cancer
survivors (58%) who had overweight or obesity (65%). Compared with the control, there were
significant (p < 0.05) increases in intervention participants’ knowledge about a plant-based diet at
weeks 9 and 15, reductions in perceived barriers to eating more fruits and vegetables at week 9,
and enhanced confidence and skills in preparing a plant-based diet at week 15. There was a significant
reduction in processed meat intake but changes in other food groups and psychosocial measures were
modest. Participation in CCK in person increased knowledge, skills, and confidence and reduced
barriers to adopting a plant-based diet. Positive trends in intake of plant-based foods and quality of
life warrant further investigation in larger-scale studies and diverse populations.

Keywords: cancer survivors; health behavior intervention; diet and nutrition

1. Introduction

The overall aging of the United States population and changing prevalence of risk factors, including
obesity, have increased the incidence of many types of cancer while advances in the early detection and
treatment of cancer have led to reduced cancer mortality. These factors have combined to dramatically
increase the number of cancer survivors [1,2]. Nearly 17 million people in the US were living with
a history of a cancer diagnosis as of January 2019. This number is projected to grow to more than
22 million by 2030 and to more than 26 million by 2040 [1,3].

The importance of diet for cancer survivors is indicated by the accumulating evidence that
a healthier diet after a cancer diagnosis can lead to improved treatment response, recovery, side-effect
management, and disease outcomes [4-8]. The World Cancer Research Fund/American Institute for
Cancer Research’s (AICR’s) Third Expert Report, Diet, Nutrition, Physical Activity and Cancer: a Global
Perspective, states ten Cancer Prevention Recommendations [9]. Six of these recommendations focus on
aspects of diet, including following a dietary pattern rich in whole grains, vegetables, fruit and beans,
and limiting consumption of red meat and processed food, to reduce cancer incidence and mortality.
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A substantial body of research has demonstrated the benefits of adherence to the AICR’s Cancer
Prevention Recommendations, including a lower risk of cancer incidence, recurrence, and death [10-14].

Despite the growing evidence supporting positive changes in diet to prevent cancer-related
morbidity and mortality, most cancer survivors” adherence to the AICR’s dietary recommendations is
low. A recent systematic review and meta-analysis concluded that only 34% of cancer survivors met
the recommendations for fruit and vegetable (F&V) intake and only 31% and 47% for fiber and red
meat intake, respectively, while 87% of cancer survivors met the recommendations for smoking and
83% for alcohol intake [15], which suggests potential opportunities for interventions to improve the
dietary patterns and decisions among cancer survivors. Diet/nutrition was recognized as a common
concern in an observational survey research study of cancer patients and survivors in the community
across the US [16] and among members of a community-based cancer care organization [17]. Further,
cancer survivors frequently experience low quality of life partly attributed to nutritional problems and
thus report high demand for nutritional support [18,19]. In fact, diagnoses of cancer often motivate
individuals to make lifestyle changes [20-22]. Nonetheless, cancer survivors may find it difficult to act
on their intentions and can struggle to achieve their goals when they are not given necessary tools
such as specific action plans and evidence-based information for making and sustaining behavioral
changes [20,23,24].

Coping with Cancer in the Kitchen (CCK) was initiated to help fill this gap between lifestyle
recommendations and the sustained adoption of improved lifestyle behaviors among post-diagnosis
and post-treatment cancer survivors. CCK is an 8 week in-person program offering multidisciplinary
support for cancer survivors that includes nutrition education, culinary demonstrations and food
tasting. It also offers facilitated group discussions with structured goal setting to address psychosocial
health, and it introduces simple and effective techniques for coping with cancer-related stress. The first
phase of research was conducted in 2017 to test the feasibility and acceptability and to determine the
preliminary effect sizes of the CCK program. These promising results were used to inform refinements
in both the CCK curriculum and the training [25]. In 2019, the next phase of research was conducted
as a randomized controlled trial to rigorously evaluate the efficacy of the in-person CCK program
versus receiving printed CCK materials. The objectives of this paper are to describe the randomized
controlled trial, report the results, and examine whether the in-person CCK program (the intervention
group) increased knowledge, skills, and confidence in adopting a plant-based diet as well as made
positive changes in dietary intake and quality of life compared to the delivery of the CCK program
through printed materials (the control group).

2. Materials and Methods

2.1. Program Overview

CCK was developed according to evidence-based concepts, including AICR’s Cancer Prevention
Recommendations, AICR’s Foods that Fight Cancer™, and AICR’s New American Plate®. CCK is
a response to the needs of cancer survivors, registered dietitians, and other health professionals who
lamented the lack of an evidence-based, standardized curriculum specifically for cancer survivors.
A core principle guiding the design and development of CCK was to ensure that it benefitted
communities in which it would be implemented. To achieve this goal, the design and development
of CCK’s evidence-based curriculum involved multiple partners across its first and second phases
of research, including AICR, Living Plate (Far Hills, NJ, USA), Cancer Support Community (CSC;
Washington, DC, USA), CSC of Central New Jersey (Bedminster, NJ, USA), registered dietitians and
mental health practitioners. The CCK intervention was primarily guided by the Social Cognitive
Theory (i.e., knowledge and skills development, self-efficacy, and observational learning mediate
behavior change) [26] and the Transtheoretical Model (i.e., stages of change) [27,28]. Its psychosocial
components were guided by CSC’s affiliate model, which empowers individuals impacted by cancer
to improve their health and well-being through active participation in community-based programs
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and active engagement with their health care team [29,30]. Furthermore, it is indicated that enhanced
learning occurs in a small group defined by a shared cancer experience with professional and peer
support to motivate behavior change [31,32].

Often the cost of food can be a barrier to trying new foods and purchasing perishable food items,
both of which are important to adopting a plant-based diet. With this in mind, the CCK program’s
recipes were designed to include relatively basic, whole foods that can be found at standard grocery
stores; the serving sizes are small to limit the quantity of ingredients needed and the potential for
spoilage; and no name brands are explicitly recommended. As well, a variety of recipes at various price
points are provided so that facilitators can choose to demonstrate the recipes that are most appropriate
for their participants and communities, and the curriculum includes time for the facilitators and
participants to discuss possible recipe variations and ingredient substitutions. Finally, each week,
the facilitators probe for perceived barriers to adopting a plant-based diet related to each module topic
(e.g., veggies, snacks, whole grains, and breakfasts) and addresses financial concerns.

The first CCK pilot study assessed the feasibility, acceptability, and pre—post-impact of the program
by a single-arm intervention among 21 adult cancer survivors in 2017 [25]. Participants reported
increased confidence preparing a variety of plant-based foods (p = 0.002), perceived control over cancer
(p = 0.034), perception of dietary quality (p = 0.009), and weekly behavioral capability, including food
and nutrition knowledge (p < 0.001). There was a non-significant (NS) trend towards increased F&V
and whole grain intake with moderate effect sizes (0.2-0.5) for intake of beans and legumes, vegetables,
and cooked whole grains like brown rice and quinoa. This single-arm pilot study achieved enrollment
of 88% of the accrual target; program attendance at each session ranged from 48% to 100%. Participant
satisfaction was positive with 100% of participants very satisfied (9 or 10 on 11-point Likert scale) with
the cooking demonstrations, 93% very satisfied with the facilitated group discussions, and 87% very
satisfied with the nutrition education.

2.2. Study Design

We conducted a two-arm, randomized controlled trial; cancer survivors were randomized to
receive the 8-week CCK in-person multidisciplinary program immediately (intervention arm) or to
receive CCK printed materials (control arm). Data was collected through self-administered patient
surveys completed at baseline, post-intervention, and follow-up. A maximum total sample size of 60
(30 in each group) with 10% loss to follow-up and type I error of 5% provides >80% power to detect
a difference (effect size) of at least 0.8 standard deviations between intervention and control groups
(two-sample means test). This study was conducted according to the guidelines laid down in the
Declaration of Helsinki, and all procedures involving research study participants were approved by
Ethical and Independent Review Services (E&I) Institutional Review Board (Lee’s Summit, MO, USA;
Approval code: 19048-01). Written informed consent was obtained from all subjects/patients during
enrollment. The trial was retrospectively registered with ClinicalTrials.gov (Identifier: NCT04528615).

2.3. Study Population

Cancer survivors were recruited from community members served by CSC-Los Angeles (LA, CA,
USA) and Fanwood-Scotch Plains YMCA (Scotch Plains, NJ, USA) from April to June 2019, largely
by social media, emailed letters of invitation to affiliate members, community-based presentations
at cancer support groups, and fliers. The research sites in Los Angeles, CA, and Scotch Plains, NJ,
were selected to represent a diversity of cancer survivors—from the west and east coasts of the
US, respectively; from urban and small township/suburban regions, respectively; and from sites
that provide programming specific to cancer or with a general community-based focus, respectively.
Eligibility criteria included: (1) 18 years of age or older; (2) ever been diagnosed with cancer; (3) able to
attend at least seven of the eight total sessions with mandatory first and last sessions; (4) willingness to
be randomized and adhere to study protocol; (5) completed active cancer treatment (not including
hormonal or other similar agents, e.g., tamoxifen). If potential candidates had not completed active
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cancer treatment, research staff determined eligibility if side effects of the current treatment had not
affected sense of taste causing difficulty eating healthy foods, like F&V or whole grains, and had not
caused a level of fatigue that would impede ability to attend an 8-week program, shop for healthy
foods, and prepare recipes.

2.4. Randomization

Consenting participants were randomly assigned to 1 of 2 treatment groups: CCK intervention or
printed materials control. A unique computer-generated list for each of the two research sites randomly
sequenced intervention and control assignments. Allocation to the intervention or control groups was
concealed until all participants had been enrolled at a site. Once the final participant was enrolled,
research staff broke the treatment code and assigned participants in order of enrollment to either the
intervention group or the control group by adding them to the randomized list of intervention and
control assignments. The local research staff notified participants in the intervention group of the start
date for the CCK program. Participants in the control group were notified of their group assignment
and mailed a baseline survey with a postage paid return envelope approximately one week before the
start of the in-person CCK program with instructions to complete the survey within two weeks.

2.5. CCK Onsite Teams

CCK was facilitated by a multidisciplinary team. Registered dietitians were trained to educate
participants about AICR’s Cancer Prevention Recommendations and two evidence-based programs:
AICR’s New American Plate® and AICR’s Foods That Fight Cancer™. Licensed social workers were
trained to facilitate group support and discussions that strategized how participants could overcome
psychosocial barriers to nutrition behavior change in the context of cancer survivorship, equip them
with strategies to help with cancer-related stress, and encourage goal setting. In addition, the registered
dietitian or a culinary assistant demonstrated convenient, easy, and tasty ways to prepare and cook
plant-based foods and offered tastings. Prior to facilitating CCK, facilitators completed a required
two-part live virtual training about how to implement the CCK program with intervention fidelity,
and they met weekly by phone with researchers using a semi-structured moderator guide to address
any questions or problems that arose during program implementation. An evaluation of the training
program indicated a high level of knowledge about CCK research procedures and preparedness to
deliver program content.

2.6. CCK Intervention Group

Components of the CCK intervention are summarized in Table 1. CCK participants attended
eight, in-person, 90-min classes convened weekly at their community-based organizational facility.
The schedule at each site included a 1-week midterm break for a national holiday and staff travel, so the
complete program extended to 9 weeks. Weekly themes included beans and whole grains, one-pot
meals, breakfast and snacks, comfort foods, veggies, and building a Foods that Fight Cancer kitchen.
To encourage attendance, some participants were sent email reminders before some classes and some
absentees were contacted by phone.
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Table 1. Description of intervention components and outcome measures used in a randomized controlled
trial of Coping with Cancer in the Kitchen, a Nutrition Education Program for Cancer Survivors

Measure/Component Description

Intervention Components

Eight, in-person, 90-min group meetings
convened weekly at community-based
organizational facilities

Registered dietitians educated participants using slide presentations about
the American Institute for Cancer Research’s (AICR’s) Recommendations
for Cancer Prevention, “New American Plate®”, and “Foods That Fight
Cancer (FTFC)™” using 8 modules.

Module 1: AICR Recommendations for Cancer Prevention

Module 2: AICR’s New American Plate and One-Pot Meals

Module 3: Beans and Whole Grains

Module 4: Breakfast and Snacks

Module 5: Comfort Foods

Module 6: Veggies

Module 7: Building a FTFC Kitchen

Module 8: Sharing and Caring Potluck

(1) Nutrition Education

Licensed social workers provided support through a structured and
empowering group learning environment to address the complex,
important (and, unfortunately, often rarely openly discussed) psychosocial
barriers to nutrition behavior change in the context of cancer prevention,
treatment, and survivorship.

(2) Structured Group Learning
and Support

Culinary experts demonstrated convenient, easy, and tasty ways to prepare

(3) Cooking Demonstration and cook FTFC and invited recipe tasting.

The last in-person meeting of the program included a time to review the
overall experience and engage in discussion. It was intended to explore
milestones achieved, recognize precipitous moments of comprehension,

Sharing and Caring Potluck connect to feelings related to the program ending, identify ongoing
obstacles and/or challenges, identify changes and successes along the way,
share ideas and hopes for continued success, and discuss take-aways from
the group experience.

Each week participants received 2-3 printed recipe cards for foods exhibited
and tasted during the culinary demonstration. Examples of recipes included

Recipe Cards Quinoa Salad, Everyday Green Smoothie, Southwestern Bean Salad,
Buckwheat Cocoa-Chip Overnight Oats, Chili, and Whole Wheat Greek
Pasta Salad.

Workbook Pocket folders included written materials about dietary choices and

recipe cards.

Each week participants completed a one-page worksheet that prompted
S.M.A.R.T Goal-Setting Worksheets them to identify one to three specific, measurable, actionable, relevant and
time-bound goals that were revisited at the next session.

Control Group Components

Participants in the control group received seven comprehensive summaries
from Coping with Cancer in the Kitchen weekly module content and 14

Printed Educational Materials recipe cards (two from each of the 7 weeks of culinary demonstrations).
These were mailed to participants in one package upon completion of the
baseline survey.

Pre-Post Outcome Measures

Participants rated their agreement (1 = Strongly disagree; 5 = Strongly agree)

with six custom items developed by the research team, e.g., “I understand
Knowledge about a Plant-Based Diet the benefits of consuming whole grains versus processed grains”.

A composite score was calculated as the average of the 6 ratings (range 1-5;

Cronbach’s alpha = 0.80).

Participants indicated “How sure are you that you could prepare the foods
listed below in a tasty way?” (1 = Very unsure; 5 = Very sure). The 14-item

Confidence Preparing a Variety of scale included 4 whole grains; 4 beans, seeds and legumes; 3 green leafy

Plant Foods vegetables; and 3 mixed foods, e.g., healthy one-pot meals. A composite
score was calculated as the average of the 14 items (range 1-5; Cronbach’s
alpha = 0.75).
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Table 1. Cont.

Measure/Component

Description

Skills to Practice a Plant-Based Diet

Participants rated their agreement (1 = Strongly disagree; 5 = Strongly agree)
with five custom items developed by the research team, e.g., “I am confident
that I can create a kitchen environment that makes it easier to store, prepare,
and consume fruits, vegetables, whole grains, and beans.”; the average of
the five ratings was calculated to create a skills composite score (range 1-5;
Cronbach’s alpha = 0.88).

Barriers to Eating More Fruits and
Vegetables and Whole Grains

We adapted items from an existing barriers instrument [33,34] to measure
perceived barriers to eating more fruits and vegetables (F&V) (average score
of 15 items; Cronbach'’s alpha = 0.89) and whole grains (average score of
14 items; Cronbach’s alpha = 0.83). Participants were asked the general
question, “Listed below are some common reasons why people don’t eat
more servings of vegetables and fruits each day. Indicate whether or not this
is a reason for you by marking how much you agree or disagree.”

(1 = Strongly disagree; 5 = Strongly agree). In addition, using the same list of
possible reasons (excluding spoil too quickly), participants indicated whether
it was a common reason they did not eat more servings of whole grains.
Example reasons included take too much time to prepare; my family doesn't like
them; hard to find a variety of good ones.

Dietary Intake [Dietary Screener
Questionnaire (DSQ) in the NHANES
2009-10] https:
//epi.grants.cancer.gov/nhanes/dietscreen/

A 26-item dietary screener developed by the National Cancer Institute [35],
which we shortened to include 17 questions that ask about the frequency of
intake in the past month of F&V, whole grains, and processed and red meats.
Scoring algorithms convert screener responses to estimates of daily intake of
cup equivalents of F&V, including legumes and excluding French fries,
and whole grains (ounce equivalents). Frequency responses to the
processed meat question is converted to times per day. The DSQ provides
a less burdensome alternative to 24-h recall when interest is in a limited set
of dietary factors. We piloted use of the DSQ during the 2017 single-arm
pilot study; intake was comparable to those participating in the National
Health and Nutrition Examination Survey 2009-2010 [35].

General Quality of Life [a rapid version of
the Functional Assessment of Cancer
Therapy-General (FACT-G7)]

The Functional Assessment of Cancer Therapy-General (FACT-G)
questionnaire is a general quality of life instrument that can be used to
assess top-rated symptoms and concerns in cancer patients [36].

The FACT-G7 is a brief 7-item adaptation [37]. Internal consistency and
reliability in the present study was good (Cronbach’s alpha = 0.80).

Psychological Distress [4-item Patient
Health Questionnaire for Depression and
Anxiety (PHQ-4)]

The PHQ-4 is a brief 4-item validated screening scale for measuring core
symptoms and signs of depression and anxiety [38].

Fatigue

Participants were asked to rate their level of fatigue on the average in the
last week [0 = Not at all fatigued; 10 = Fatigued as I could be]. This item comes
from the Fatigue Symptom Inventory that assesses the frequency and
severity of fatigue and its perceived interference [39].

Emotional Support [NIH Toolbox®
Emotional Support Fixed Form Age 18+ v
2.0, Short Form (SOC8)]

Participants completed the SOC8 which measures emotional support, or the
perceived availability of someone to provide empathy or advice in times of
need [40]. Higher scores represent more emotional support. Scores are
converted to standardized T scores (mean = 50, standard deviation = 10);
normative reference groups are the US general population.

Perceived Control over Course of Cancer

Participants were asked, “To what extent do you feel you have control over
the course of your cancer (that is, whether your cancer will come back, get

worse, or you will develop a different type of cancer)?” (0 = No control at all;
4 = Complete control).

2.7. Printed Materials Control Group

The control group received printed CCK educational materials including 7 written summaries of
weekly nutrition content and 14 recipes that emphasized the weekly nutrition themes (see Table 1).
(Only 7 written summaries were provided because the eighth session was a reflection and review
session with no new nutrition information introduced.) Research staff mailed the materials to control
participants upon completion of the baseline survey. The control group was not contacted again except
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for follow-up surveys at 9 and 15 weeks. Upon completion of the 9-week survey, control participants
were emailed a $10 gift card.

2.8. Data Collection/Participant Survey

All data was collected through self-administered participant survey at baseline (pre-test, 0 week),
post-intervention (9 week), and at follow-up (15 week). For participants in the CCK intervention group,
the baseline and post-intervention surveys were completed in person at the beginning of the first and
last CCK classes, respectively. The baseline and post-intervention surveys (with a postage-paid return
envelope) were mailed to the control participants at their home within approximately one week of
in-person CCK program commencement and conclusion. The 15-week online follow-up survey was
completed by participants in both the intervention and control groups. A link to the online survey
was emailed 6 weeks from the last session, or 15 weeks from baseline, with a window to complete the
follow-up survey of 15 to 18 weeks. Participants were contacted by email or phone as a reminder to
complete the questionnaires, as needed.

2.9. Baseline and Outcome Measures

The primary outcomes included knowledge about a plant-based diet (average score of 6 items;
Cronbach’s alpha = 0.80), confidence preparing a variety of plant-based foods (average score of 14 items;
Cronbach’s alpha = 0.75), and skills to practice a plant-based diet (average score of 5 items; Cronbach’s
alpha = 0.88) (see Table 1).

Secondary outcomes were measured using validated instruments for dietary intake (National
Cancer Institute Dietary Screener Questionnaire) [35]; general quality of life (FACT-G7) [37];
psychological distress (PHQ-4) [38]; fatigue (single item from the Fatigue Symptom Inventory [39]);
and emotional support (SOC8) [40]. We modified an existing scale [33,34] to measure perceived barriers
to eating more F&V (average score of 15 items; Cronbach’s alpha = 0.89) and whole grains (average
score of 14 items; Cronbach’s alpha = 0.83). ‘Perceived barriers’ was originally conceptualized as
a moderating variable (those with fewer perceived barriers might experience a greater benefit from the
CCK intervention) rather than an outcome variable and, for that reason, was not measured at 15 weeks
follow-up. However, the findings indicate a reduction in barriers in the CCK intervention group, so we
included “perceived barriers” as an outcome.

Additional survey items included sociodemographic characteristics, disease characteristics,
and health status.

2.10. Statistical Analysis

Descriptive statistics were calculated overall and by study group. Means and standard deviations
are presented for continuous variables and frequencies and percentages are presented for categorical
variables. We assessed the comparability between study groups using two-sample ¢-tests for continuous
variables and Fisher’s exact test for categorical variables and pre-post differences within study groups
using paired t-tests. We used multiple regression analysis to estimate the difference between the
CCK intervention and control groups at 9 weeks (post-intervention) and at 15 weeks (follow-up)
adjusting for baseline (pre-test) levels of the dependent variable and research site (stratification variable).
We considered a p-value < 0.05 statistically significant.

Effect-size calculations were also used as a standard for determining a meaningful treatment effect
using Cohen’s criteria for small, medium, and large effect sizes of 0.2, 0.5, and 0.8, respectively [41].
Standardizing the observed changes by the standard deviation (SD) allows for the comparison of the
effect size magnitude across outcomes and can provide a meaningful reference for the future evaluation
of the program in its implementation and dissemination. We calculated the ES statistic for the effect
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size, a form of Cohen’s effect size index, as the mean of the changes in outcome scores for each study
group at baseline and post-intervention (9 week) divided by the baseline SD [42]. Thus,

ETimeZ - }Timel (1)

Esgroup - SDTimel

3. Results

The Consolidated Standards of Reporting Trials (CONSORT) flowchart for the trial is shown in
Figure 1. A total of 54 adult cancer survivors were randomly assigned to intervention (n = 27) and
control groups (1 = 27). The majority (76%) of study participants learned about CCK from CSC-Los
Angeles and YMCA staff; 9% from their oncologist; and 4% from other care providers. There was only
1 drop-out in the intervention arm (4%) who declined participation after randomization but before the
CCK program commenced, indicating they could no longer commit to the duration of the program.
The retention rate was 91% at 9 weeks and 58% at 15 weeks. There were no statistically significant
differences between those who completed the online 15-week follow-up survey and those who did
not with respect to sociodemographic variables, disease characteristics, and baseline levels of primary
and secondary dependent variables. One participant in the intervention arm was excluded from the
analysis due to an ineligibility discovered after completion of the program. Attendance rates ranged
from 100% for the first session to 84% for sessions 3 and 8.

Characteristics for the total sample and by treatment group are shown in Table 2. Study participants
were, on average, 61 years of age and primarily female breast cancer survivors with a college degree.
The sample was 77% non-Hispanic white and 23% Hispanic or non-white race. Approximately half of
the participants were married or living as married; 52% resided in suburban regions and 40% in urban
areas. Most study subjects had overweight or obesity (65%), and less than half (45%) indicated they ate
enough plant-based foods like fruits, vegetables, whole grains and beans in the past month (“most of
the time” or “all of the time”). The CCK intervention group and printed materials control group were
similar with respect to sociodemographic and disease characteristics.

Despite the randomization of participants, there were notable imbalances, though not statistically
significant mean differences, between study groups in baseline levels of primary and secondary
outcome measures (Table 3). Participants in the control group, on average, entered the study with
higher confidence preparing a variety of plant-based foods and skills to practice a plant-based diet,
and they also reported better quality of life, lower psychological distress, and less fatigue. Thus,
we adjusted for baseline levels in regression analyses.

Knowledge about a plant-based diet significantly increased in the intervention arm (in-person
CCK program) compared to the control arm (printed materials); this increase was sustained at 15 weeks
post-intervention (Figure 2a). Confidence in preparing plant-based foods significantly increased
at 15 weeks (Figure 2b) as did level of skills to practice a plant-based diet (Figure 2c). Perceived
barriers to eating F&V decreased in the CCK intervention group and increased in the control group,
and the adjusted difference between intervention and control groups was statistically significant (-0.37;
95% confidence interval (CI) —0.64, —0.10; see Table 3). In addition, there was a larger decrease in
perceived barriers to consuming whole grains in the intervention group compared to the control group
(=0.3 v =0.1), but the treatment effect did not reach statistical significance (—0.24; 95% CI —0.56, 0.07).

Participants began the study consuming, on average, 2.78 and 2.64 cup equivalents (5.6 and
5.3 servings) for F&V per day in the intervention and control groups, respectively. Intake of whole
grains was approximately 1.3 and 1.4 servings per day, respectively. The between-arm differences
in intake of F&V or whole grains consumption were not statistically significant. Further, intake
increased in both groups over time with adjusted differences between groups post-intervention of
0.17 cup equivalents (95% CI —0.13, 0.47), or 0.34 servings, per day for F&V among participants in the
intervention group compared with those in the control group, and 0.06 ounce equivalents (95% CI -0.18,
0.30), or 0.11 servings, in whole grains. The CCK intervention group also had significantly lower daily
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servings of processed meat in comparison to the control group at 9 and 15 weeks. In the intervention
group, intake of processed meat was 0.14 times per day at baseline, which is equivalent to approximately
one (0.14 x 7 = 0.98) time per week, and it decreased to approximately one (0.04 x 30 = 1.2) time in the
past month.

No statistically significant differences between CCK intervention and control groups were observed
in self-reported assessments of quality of life. Nonetheless, the baseline to 9-week change trended in
a positive direction for general quality of life (+1.0 v +0.2; FACT-G7), psychological distress (—0.4 v +0.5;
PHQ-4), and fatigue (-2.1 v —0.8; 11-point Likert). Similarly, the level of social support and perceived
control over the course of cancer were relatively stable in both arms, and the results suggested a trend
for increase at 15 weeks in the CCK intervention group.

The magnitude of effect sizes for the changes between baseline and 9 weeks (post-intervention) in
the CCK intervention group, as measured by the ES statistic, are graphically presented in Figure 3.
The effect sizes varied across categories of outcomes with large or nearly large effect sizes for outcomes
measuring knowledge, confidence and skills. Barriers to consuming F&V and whole grains showed
medium reductions. The effect sizes were in the range of small to medium for total F&V, whole grain
and processed meat intake but were greater (with medium to large changes) for specific components
of those dietary factors including beans and legumes, whole grain bread, and cooked whole grains
(like quinoa). We detected small changes in quality of life measures. The decrease in fatigue was
nonetheless large. We also considered using Cohen’s d as a measure of effect size, which is the 9-week
difference between the CCK intervention and control groups divided by the pooled standard deviation,
which is common when comparing two independent groups. However, baseline differences between
the CCK intervention and control groups were large relative to the variability, or standard deviation,
of the factor of interest, and, therefore, may have underestimated the true treatment effect.

Enrolment ‘ ’ Assessed for eligibility (n=79)

Excluded =25
o Ineligible = 19
* No further response = 6

A4

v

Randomized with

stratification by site (n = 54)

v
l \ Allocation | i

Allocated to intervention (n = 27) Allocated to control group (n = 27)

® Received allocated intervention = 26

¢ Did not receive allocated intervention

(unwilling to make time commitment) = 1

]
Didn’t Didn't Didn't Didn’t
complete complete complete complete
survey =2 ! survey =10 N survey =3 [ survey =12 |
Excluded from Excluded from Excluded from Excluded from
analysis =1 analysis = 1 analysis =0 analysis =0
v v ‘ Analysis | 4
Analyzed Analyzed Analyzed Analyzed
Post-Intervention Follow-Up Post-Intervention Follow-Up
(Week 9) (Week 15) (Week 9) (Week 15)
n=23 n=15 n=24 n=15

Figure 1. Coping with Cancer in the Kitchen trial flow diagram.
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Figure 2. Change in (a) knowledge about a plant-based diet, (b) confidence preparing a variety of plant
foods in a tasty way, and (c) skills to practice a plant-based diet for the Coping with Cancer in the
Kitchen intervention group and the printed materials control group. * p < 0.05, difference between
intervention and control groups adjusting for baseline level and study site. CCK: Coping with Cancer

in the Kitchen.
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4. Discussion

This trial investigated the effectiveness of CCK, a multidisciplinary behavioral intervention
incorporating both nutrition education and psychosocial support, in modulating several motivational,
action, and environmental mediators for implementing a healthy plant-based diet and for improving
quality of life among cancer survivors. Previously published interventions have shown that motivation,
goal setting, action planning, social support, and instruction regarding how to perform desired
behaviors are key elements in successfully promoting behavioral changes whereas self-monitoring
is often less effective in doing so [43]. CCK reflects those concepts in its curriculum, and the results
from this randomized controlled trial favored in-person delivery of CCK over receipt of CCK printed
material only.

4.1. Primary Outcomes (Knowledge, Cooking Confidence, Skills) and Perceived Barriers

In-person delivery of the CCK program resulted in significant increases in knowledge, cooking
confidence, and skills in adopting a plant-based diet over 9 and 15 weeks compared to the control
group that received written CCK materials. Participants who attended CCK in person also reported
a greater reduction in perceived barriers to the consumption of F&V and whole grains compared to the
control group. As the literature indicates, people with higher perceived barriers tend to have poorer
diets and are less likely to engage in behavioral changes, even when they are aware of the benefits of
lifestyle changes [20,43,44]. Lack of access to accurate nutrition information, disbelief in diets and their
relationship to cancer outcomes, low reinforcement from friends and family, and unfamiliarity with
certain plant-based foods are commonly cited reasons for people not taking actions [20,44]. In particular,
limited knowledge and skills in selecting and cooking healthy foods often demotivate cancer survivors
from making dietary or lifestyle changes [44,45]. CCK addresses those concerns and obstacles by
providing evidence-based nutrition education tailored to cancer survivors and delivered by registered
dietitians. Moreover, CCK sessions included facilitator-led group discussions to enquire and consider
approaches to reduce barriers to preparing and consuming a plant-based diet specifically for cancer
survivors, and they contained weekly thematic cooking demonstrations using evidence-based AICR’s
dietary recommendations and inviting participants for recipe tastings.

Facilitated group discussion, access to trained facilitators, and experiential culinary support
may contribute substantially to the observed difference between the intervention and control arms.
Participants in the CCK intervention group were able to observe thematic, plant-based foods and
recipes being prepared, ask questions, receive verbal information in real time about the health benefits
of the ingredients in CCK recipes, interact with group members during the recipe demonstrations,
and were encouraged to taste new foods. Fredericks et al. state that nutritional education with
experiential features provides further drivers for behavioral change including collaboration, peer
support, and palate development [46]. Though telephone and web/app-based interventions can be
more accessible to a wider audience, especially in remote areas, they rely heavily on self-monitoring
and often face challenges in retaining participants [47]. Conversely, CCK’s in-person classes achieved
high attendance (>84%), which is comparable to other effective nutrition education programs targeting
cancer survivors, such as Cocinar Para Tu Salud, a 12-week nutrition education program, and the Home
Vegetable Gardening Interventions [48-50]. The study showed the benefit of in-person implementation
over provision of printed materials only. However, given the current COVID-19 pandemic, future
research could investigate virtual implementation of CCK using an online platform when in-person
gatherings are prohibited, not possible or not preferred. The CCK program is available to survivors of
all types of cancer. Its broad relevance increases the efficiency of delivery, the adaptability to local
communities, and the scalability regionally and nationally.

The demonstrated enhancements in knowledge, skills, and confidence in practicing a plant-based
diet at the end of the program, which continued their upward trend even at 15 weeks follow-up, implied,
though not directly measured, the CCK effect on improving self-efficacy, which likely led to a higher
level of patient empowerment [51,52]. Self-efficacy is a critical indicator of patient empowerment and
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a key construct of the Social Cognitive Theory and Transtheoretical Model used to guide the design
and implementation of the CCK program for health behavior change [26,28,52]. Low self-efficacy
(i.e., low confidence in one’s ability to execute a course of action) is an important barrier impeding
behavioral change among cancer survivors [53,54]. Further, practicing and experiencing are among
the most important sources of self-efficacy [26]. We indeed observed that CCK’s positive effect on
self-efficacy was larger in the 15th week follow-up survey than immediately post-intervention (9 weeks)
as participants had had more time to practice a plant-based diet by the 15th week. Higher self-efficacy
has been indicated in studies to associate with higher probability of achieving and maintaining healthy
behavioral goals and overall higher quality of life [55-57]. Further, empowerment also positively
correlates with healthier behaviors and better decisions as well as health and clinical outcomes including
improved disease management behaviors, use of health services, and health status [58,59].

4.2. Dietary Intake

The effects of CCK on total F&V and total whole grain intake were not statistically significant,
but the observed net gain of 0.17 cup equivalents, or 0.34 servings, in daily F&V intake was similar to
other studies of nutrition interventions designed to increase adult F&V intake [21,60]. A systematic
review of the literature documented increases of 0.2 to 0.6 servings of F&V, and when targeting
smaller focused communities, increases of 0.7 to 1.4 were observed [60]. The CCK participants
had high baseline dietary intake of F&V at nearly 3 cups per day (exceeding the minimum intake
recommended by AICR guidelines). Increasing people’s intake of nutrients or foods when the baseline
intake is already sufficient is expected to be challenging [21] and might have contributed to our study
not observing significant post-interventional dietary changes. As hypothesized, we demonstrated
a significant reduction in the consumption of processed meats in the CCK intervention group and
observed medium to large effect sizes in specific components of total whole grain intake (e.g., cooked
grains and bread). These changes, coupled with significant increases in mediators of behavior change
(knowledge, confidence and skills) suggests that with longer follow-up, participants are likely to
continue making important changes in adopting a plant-based diet. Additional investigation in
diverse populations and communities whose adherence to the recommended dietary guidelines is low
is warranted.

4.3. Quality of Life and Other Psychosocial Measures

There was modest impact on measurements of quality of life (QoL) in the current study, and effect
sizes were generally small. Though not statistically significant, findings were within the range of effect
sizes reported in prior research of interventions for cancer patients [61,62]. The data suggested positive
trends in QoL, reduced fatigue and lower psychological distress at 9 weeks, though these trends did
not reach statistical significance and were not sustained by the 15th week. Our limited sample size
could be one of the major reasons for not finding statistical significance despite the observed positive
trends. Likewise, a randomized controlled trial conducted by Uster and colleagues reported similar
non-significant improvements in QoL among palliative cancer patients after nutrition and physical
exercise interventions [63].

Living with cancer is undoubtedly stressful and associated with reduced QoL. Previous
research demonstrated as many as 40% of cancer patients have clinically significant psychiatric
comorbidities [64—66] and one in two reported significant distress [67]. Chronic stress is linked to
several biobehavioral mechanisms related to the development of depressive symptoms and poorer
cancer prognosis that may discourage people from making positive changes in their lifestyle; these
factors may contribute to a vicious cycle of persistent emotional distress and accelerated physical
deterioration [68]. Furthermore, it has been indicated that up to 60% of cancer survivors have never
received psychosocial support due to limited access to such programs, suggesting the existence of
unaddressed needs in this population [69]. We chose to measure health-related QoL using the FACT-G7
due to its brevity, validity, and reliability for use in cancer patients [37]. The Yanez (2013) study
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reported a mean score for the FACT-G7 of 18.0 among cancer patients and 19.5 in a general population
sample [37]. In the current study, we reported an average baseline score of 17.1 among participants
in the CCK intervention group with a one-point increase at 9 weeks post-intervention. The CCK
intervention has the potential to close the gap between cancer survivors and the general population
in health-related quality of life and mental health directly through learning coping strategies to
reduce stress and indirectly through improving diet quality [70]. Furthermore, in a naturalistic study,
Giese-Davis et al. showed that CSC therapist-led support groups provided an experience in which the
development of a new attitude was valued [71].

4.4. Limitations

This trial was small, and a substantial proportion of participants did not complete the online
follow-up survey at 15 weeks. The low rate of response to completing the 15-week survey may in part
be attributed to the online platform, which was a departure from the pen-and-paper format of the
previous surveys. Retention rates may have been higher if we had disseminated the questionnaire in
the same format as the previous and additionally provided an incentive upon completion of the survey,
either financial or educational by disseminating preliminary study findings to interested participants.

Limitations in our dietary measurement methods may also have prevented us from fully uncovering
the true effects of CCK on dietary intake. The use of 24-h recall, food records, and objective biomarkers
may be more sensitive to changes and warranted in future evaluations of CCK, which would allow us to
quantify more nuanced changes in dietary intakes, such as replacing processed grains with whole grains
rather than an overall increase in whole grains. Furthermore, follow-up was short. We recognize that
behavioral change and changes in quality of life may take longer than 8-15 weeks. We hypothesized
that participation in the CCK intervention would indirectly influence health-related behaviors through
self-efficacy mediators. With more time to practice acquired skills, intake of plant-based foods may
continue to increase in the CCK intervention arm with longer follow-up.

Another limitation of the study was that clinical outcomes were only measured through
patient-report. We did not include body mass index or percent body fat as outcomes since the
CCK program was not specifically designed to be a weight loss program. While adopting a healthier
diet can result in weight loss or changes to body composition, the goals of cancer survivors can be varied
with some aiming to increase body weight and others to lose or maintain weight. As the program is
more widely disseminated and administered in academic and clinical settings, there may be increased
feasibility and interest in measuring pro- and anti-inflammatory biomarkers (e.g., C-reactive protein,
Interleukins 3, 6, 8, and 10, and Tumor Necrosis Factor-«) and plasma concentration of antioxidants.

Other limitations included self-selected samples of participants who are predominantly female,
White, fairly educated, and a substantial proportion of individuals with breast cancer. These limitations
impact the study results” generalizability to a more diverse population. However, while this sample is
not representative of all cancer patients and survivors across the US [72], it is representative of those
who tend to seek nutrition education as well as social and emotional support in their community. Future
work is required to understand the impact that CCK has on participants’ long-term behavior changes,
and to evaluate its applicability and cultural sensitivity among other diverse samples and settings.

5. Conclusions

Participation in the in-person CCK intervention led to improvements in nutrition and food-related
knowledge and skills as well as confidence in adopting a plant-based diet among cancer survivors.
As an evidence-based, experiential nutrition education program that embeds psychosocial health
elements, CCK can serve as the standard for a high-quality community-based survivorship program.
Further studies and larger-scale implementation of CCK in more diverse populations are needed to
further understand its effect on health-related behaviors and wellbeing. Promoting lifestyle behavioral
change through programs like CCK has potential and value to improve cancer survivors’ nutritional
status and quality of life.
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Abstract: Background: Patients with esophageal cancer (EC) have high rates of malnutrition due
to tumor location and treatment-related toxicity. Various strategies are used to improve nutritional
status in patients with EC including oral and enteral support. Methods: We conducted a retrospective
analysis to determine the impact of malnutrition and prophylactic feeding jejunostomy tube (FJT)
placement on toxicity and outcomes in patients with localized EC who were treated with neoadjuvant
chemoradiation therapy (nCRT) followed by esophagectomy. Results: We identified 125 patients
who were treated with nCRT between 2002 and 2014. Weight loss and hypoalbuminemia occurred
frequently during nCRT and were associated with multiple adverse toxicity outcomes including
hematologic toxicity, nonhematologic toxicity, grade >3 toxicity, and hospitalizations. After adjusting
for relevant covariates including the specific nCRT chemotherapy regimen received and the onset
of toxicity, there were no significant associations between hypoalbuminemia, weight loss, or FJT
placement and relapse-free survival (RFS) or overall survival (OS). FJT placement was associated with
less weight loss during nCRT (p = 0.003) but was not associated with reduced toxicity or improved
survival. Conclusions: Weight and albumin loss during nCRT for EC are important factors relating
to treatment toxicity but not RFS or OS. While pretreatment FJT placement may reduce weight loss,
it may not impact treatment tolerance or survival.

Keywords: nutrition; esophageal cancer; neoadjuvant chemoradiation; enteral nutrition

1. Introduction

In 2020, approximately 18,440 new cases of esophageal cancer (EC) will be diagnosed in the
United States and 16,170 will die from this disease [1]. Unfortunately, despite advances in EC therapy,
under 20% of patients survive for five years after diagnosis [1]. Up to 80% of EC patients present with
pretreatment malnutrition, largely due to mechanical obstruction [2]. Furthermore, EC is associated
with a hyperinflammatory, cachectic state marked by weight loss and sarcopenia [3]. The combination
of nutrient imbalance and cancer cachexia leads to loss of muscle mass and resultant loss of physical
functioning, reduced quality of life, and increased risk of treatment-related toxicity [3].

Curative intent therapy in EC involves neoadjuvant chemoradiotherapy (nCRT) followed by
esophagectomy [4]. However, nCRT carries the risk of significant gastrointestinal (GI) toxicities,
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including any-grade nausea (53%), vomiting (25%), diarrhea (18%), constipation (27%), and esophagitis
(19%), among others [5]. Thus, malnutrition can be further aggravated by the toxicity of nCRT leading
to treatment delays or interruptions and worse outcomes [6]. While clinicians use changes in weight or
serum albumin levels, consensus is lacking on the most reliable indicator of malnutrition. Commonly
used strategies to treat malnutrition in EC may include oral nutritional supplements, enteral nutrition
with a percutaneous endoscopic gastrostomy (PEG) or feeding jejunostomy tube (FJT), or even total
parenteral nutrition (TPN) in severe cases [7]. Many institutions use preventive placement of enteral
feeding support before the initiation of nCRT for EC [8].

While data support the use of postoperative enteral support after esophagectomy [9], limited
data are available regarding the optimal method of preoperative nutritional support. While one
study of oral nutritional intervention showed that a dietitian-delivered, preoperative nutritional
intervention was able to reduce weight loss and decrease surgical morbidity [10], other studies using
oral-based interventions have failed to show consistent benefits in outcomes such as nCRT tolerance [11].
The utility of preoperative enteral nutrition in EC has recently been questioned [12]. To date, there
is no consensus regarding the optimal management of malnutrition in EC during nCRT. Further,
there is little data available regarding the impact of malnutrition occurring during nCRT on outcomes.
We conducted a single-center retrospective analysis evaluating the associations between markers of
nutritional status and FJT placement on the tolerance and outcomes of patients with localized EC
treated with nCRT.

2. Materials and Methods

2.1. Patient Selection and Data Collection

The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Institutional Review Board (IRB) of Fox Chase Cancer Center (IRB# 15-9020) on
28 August 2014. Following IRB approval, we retrospectively identified patients with localized EC who
underwent nCRT followed by esophagectomy between 2002 and 2014. The tumor registry was utilized
to identify eligible patients. The following baseline data at the time of EC diagnosis were collected:
age, gender, Eastern Cooperative Oncology Group (ECOG) performance status, comorbidities and
Charlson comorbidity index (CCI), smoking status, tumor location, tumor histology, and clinical stage
at diagnosis. Former smokers were defined as those who quit >1 year before diagnosis. Data regarding
chemotherapy regimen used during radiation, total radiation dose, and pathologic stage were collected.

A detailed pre-nCRT and post-nCRT assessment of nutritional status was conducted for the
following factors: placement of pretreatment FJT, weight change during nCRT (lbs), and albumin
change during nCRT (g/dL). Pre-nCRT weight and albumin levels were within two weeks of initiation
of CRT, while post-nCRT weight and albumin were obtained within one week of nCRT completion.
For each patient, weight change was divided into the following categories: (1) gain of body weight,
(2) loss of <5% of body weight, (3) loss of 5-10% of body weight, or (4) loss of > 10% of body weight.
Albumin change was categorized into either (1) decrease of < 0.5 g/dL or (2) a decrease of >0.5 g/dL.

A comprehensive review of clinic notes and laboratory values before, during, and immediately
after the completion of nCRT was conducted to identify the onset of toxicity. All toxicity endpoints are
defined in Table 1. The onset of hematologic or renal toxicity was scored based on grade and severity
per the Common Terminology Criteria for Adverse Events (CTCAE version 4.0). The onset of any-grade
nonhematologic toxicity during nCRT was also recorded. Nonhematologic toxicities recorded included
the onset of the following: mucositis, nausea, vomiting, diarrhea, constipation, anorexia, dehydration,
fatigue, esophagitis, dysphagia, or infections. Due to limitations in clinical documentation, the presence
of nonhematologic toxicity endpoints was not graded but rather recorded as binary (yes or no). If a
hematologic or nonhematologic toxicity occurred multiple times in the same patient, only one event
was included for analysis. We also collected data on any nCRT-related hospitalizations, chemotherapy
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dose interruptions, or dose reductions. All data collection was completed by two reviewers to
ensure accuracy.

Table 1. Definitions of toxicity outcomes.

Hospitalizations Any Unexpected Hospitalization during nCRT

Any-grade mucositis, nausea, vomiting, diarrhea, constipation, anorexia,

. P |
Nonhematologic toxicity dehydration, fatigue, esophagitis, dysphagia, neurotoxicity

Hematologic toxicity 2 Neutropenia, thrombocytopenia, anemia
Onset of any grade >3 toxicity during nCRT
Grade >3 toxicity 3 Hgb < 8 g/dL, ANC < 1000/mma3, Plts < 50,000/mm3, Cr < 3x baseline or
>3.0 mg/dL
Dose reduction or interruption * Unplanned chemotherapy dose reduction or interruption

nCRT, neoadjuvant chemoradiation therapy; Hgb, hemoglobin; ANC, absolute neutrophil count; Plts, platelets; Cr,
creatinine. ! Includes any-grade nonhematologic toxicity. 2 Weighted scores given to higher grade hematologic
toxicity. ® Grade >3 toxicity including hematologic or renal insufficiency. * Any dose reduction or interruption
regardless of percent of reduction or timing of interruption.

2.2. Statistical Analysis

Univariate analyses (UVA) were used to determine associations between covariates and nutritional
outcomes, using Fisher’s exact test to determine significance of relationships. Multivariable regression
analyses (MVA) were used to determine associations between nutritional markers and toxicity,
adjusting for the following covariates: age, gender, smoking status, pathologic stage, nCRT regimen,
ECOG performance status, and comorbidities (CCI). Linear regression analyses were used to model
hematologic and nonhematologic toxicity scores, and logistic regression analyses were used to model
the presence or absence of dose reductions/interruptions, hospitalizations, and grade >3 toxicities.
Multivariable Cox proportional hazards regression models were also used to determine associations
between nutritional markers and relapse-free survival (RFS) and overall survival (OS) adjusting for
the following covariates: onset of any grade >3 toxicity during nCRT, the chemotherapy regimen
chosen during nCRT, and also the presence of a pathologic complete response after nCRT. All analyses
were performed using Stata software (version 12) StataCorp LLC (College Station, TX, USA), and
p-values < 0.05 were considered statistically significant.

3. Results

3.1. Baseline Characteristics and Markers of Nutritional Status

A total of 125 patients who underwent nCRT before esophagectomy for EC were identified.
Baseline demographics and disease and treatment characteristics are shown in Table 2. The patients
had a median age of 63 and were primarily male (84%). The majority of patients had lower esophageal
tumors (88%) and adenocarcinoma (86%). The majority of patients had no comorbidities with a CCI of
0 (70%) and had an ECOG performance score of 0 (56%). Clinical stage Il EC was most common (50%),
while the most common pathologic stage following esophagectomy was stage II (38%). Pathologic
complete response was achieved in 32 patients (26%). The most common chemotherapy regimen used
was cisplatin/5-FU in 65 patients (52%), while 45 patients (36%) received carboplatin and paclitaxel.
The majority of patients (74%) received >5000cGy of total radiation.
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Table 2. Patient tumor and treatment characteristics.

Characteristic N ::’;;1 (%)
Median Age 63, range 35-80
Gender
Male 105 (84)
Female 20 (16)
Pathologic subtype
Adenocarcinoma 108 (86)
Squamous 17 (14)
Location
Lower tumor 110 (88)
Other 15 (12)
Smoking status
Past 71 (57)
Current 21 (17)
Former 33 (26)
Charlson comorbidity index
CCI=0 87 (70)
CCI=1 25 (20)
CCI>1 13 (11)
Performance status
0 70 (56)
>1 or greater 55 (44)
Clinical stage
I 1(0)
I 48 (38)
il 63 (50)
wl 13 (10)
Pathologic stage
0?2 32 (26)
I 15 (12)
I 47 (38)
I 24 (19)
3 7 (6)
Chemotherapy regimen
Carboplatin/Paclitaxel 45 (36)
Cisplatin/5-FU 65 (52)
Other * 15 (12)
Radiation dose
<5000 cGy 33 (26)
>5000 cGy 92 (74)

CCI, Charlson comorbidity index;. ! Patients with clinical stage IV disease most often had locally advanced
lymphadenopathy that was able to be covered by radiation field. ? Pathologic stage was determined after
esophagectomy, pathologic stage 0 indicates a pathologic complete response. 3 Five were clinical stage IV, two
were upstaged at time of surgery. 4 Nine treated on clinical trial with combination of Vandetanib, Paclitaxel,
Carboplatin, 5-FU.

3.2. Markers of Malnutrition and Toxicity during nCRT

Nutritional characteristics before and after nCRT are shown in Table 3. Mean weight loss during
nCRT completion was 10 lbs, with the most common category of weight loss being 5-10% occurring in
36% of patients. Mean albumin decrease during nCRT was 0.4 g/dL. There was an even distribution
of patients with or without a pretreatment FJT (62 and 63 patients, respectively). Patients with an
FJT placed prior to nCRT had a median year of diagnosis of 2011, while those without FJT placement
had a median year of diagnosis of 2007. After nCRT completion, mean weight loss was significantly
reduced in patients with an FJT vs. those without an FJT (8 lbs vs. 13 lbs, p = 0.003). However,
no significant difference in mean albumin loss was noted in those with an FJT vs. those without
FJT (0.38 g/dL vs. 0.52 g/dL, p = 0.15). The prevalence of nCRT-related toxicity is also shown in
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Table 3. Chemotherapy dose reductions were required in 10% of patients while dose interruptions
were required in 22%. In total, 26% of patients had dose interruptions or reductions and were unable
to receive all planned chemotherapy. Eighteen percent of patients had unplanned hospitalizations
during nCRT for management of nCRT-related toxicity.

Table 3. Changes in nutritional markers and onset of toxicity during neoadjuvant chemoradiation therapy.

Characteristic N =T$;1 (%)
Mean weight pre-nCRT (lbs) 188
Mean weight post-nCRT 178
Mean weight change 10
Weight change category
Weight gain 20 (16)
Weight loss <5% 40 (32)
Weight loss >5-10% 45 (36)
Weight loss >10% 20 (16)
Mean albumin (pre-nCRT) (g/dL) 3.8
Mean albumin (post-nCRT) (g/dL) 34
Mean albumin (g/dL) loss 0.4
Albumin change
<0.5 g/dL 59 (47)
>0.5 g/dL 61 (49)
Pre-CRT feeding jejunostomy tube placement
Yes 62 (50)
No 63 (50)
Mean weight loss with FJT (Ibs) 8
Mean weight loss without FJT (Ibs) 13
Mean albumin loss with FJT (g/dL) 0.38
Mean albumin loss without FJT (g/dL) 0.52
Chemotherapy dose reductions 12 (10)
Chemotherapy dose interruptions 27 (22)
Dose reductions/interruptions 33 (26)
Hospitalizations 23 (18)

nCRT, neoadjuvant chemoradiation therapy; FJT, feeding jejunostomy tube; ! Albumin levels were unavailable in
4 patients.

Associations between baseline and treatment characteristics and markers of malnutrition are
shown in Table S1. Patients treated with nCRT with cisplatin/5-FU experienced higher percent
weight loss compared to those treated with carboplatin/paclitaxel (p < 0.001). Patients who received
carboplatin/paclitaxel were more likely to have an FJT (84% in carboplatin/paclitaxel versus 31% in
cisplatin/5-FU, p < 0.001). Patients with an ECOG performance score of 1 were more likely to have
an FJT than those with a score of 0 (p = 0.025). Otherwise, there were no significant associations
between markers of malnutrition or FJT placement and age, gender, smoking status, pathologic stage,
or comorbidity score.

3.3. Association between Albumin, Weight Loss, and Toxicity during CRT

The results of the UVA and MVA are shown in Table 4. Various markers of malnutrition were
associated with toxicity. An albumin loss of >0.5 during nCRT was significantly associated with the
occurrence of nonhematologic toxicity, hematologic toxicity, and any grade >3 toxicity in UVA. After
adjusting for covariates in the MVA, an albumin loss of >0.5 during nCRT was significantly associated
with hospitalizations, nonhematologic toxicity, hematologic toxicity, and any grade >3 toxicity. When
viewing specific nonhematologic toxicities and albumin change, higher rates of mucositis (61% vs.
36%), nausea (79% vs. 63%), vomiting (47% vs. 37%), diarrhea (30% vs. 24%), and anorexia (52% vs.
37%) were noted in those with an albumin loss of > 0.5 versus albumin loss of <0.5. A weight loss of
5-10% and >10% during nCRT was significantly associated with nonhematologic toxicity in UVA and
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MVA, while a weight loss of >10% was significantly associated with higher grade >3 toxicity in the
MVA. There were no associations between pretreatment FJT status and toxicity rates in UVA or MVA.

Table 4. Associations between nutritional markers and toxicity.

Albumin Change Weight Loss
(<058, 205) (Gain or <5'%, 5-10% >10%) J-Tube (Yes vs. No)
Toxicity UVA MVA UVA MVA UVA MVA
(p-value) (p>zorp>t) (p-value) (p>zorp>t) (p-value) (p>zorp>t)
Dose reductions/interruptions NS 0.043 NS NS NS NS
Hospitalizations NS NS NS NS NS NS
<5% =NS
Nonhematologic toxicity 0.011 0.004 0.019 5-10% = 0.035 NS NS
>10% = 0.002
Hematologic toxicity 0.004 0.002 NS NS NS NS
<5% = NS
Grade >3 toxicity 0.006 0.004 NS 5-10% = NS NS NS
>10% = 0.032

UVA, univariate analysis; MVA, multivariable regression analyses; NS, nonsignificant.

3.4. RFS and OS by Albumin, Weight Loss, and F]T Status

The results of the MVA of RFS and OS by nutritional markers or FJT placement status are shown
in Table 5. After adjusting for relevant covariates including the onset of grade > 3 toxicity, the specific
chemotherapy regimen used during nCRT, and the presence of a complete response to neoadjuvant
therapy, there were no significant associations between FJT status, albumin change, or weight loss and
RFS or OS.

Table 5. Associations between nutritional markers and relapse-free and overall survival.

Albumin Change Weight Loss
(<05 vs. >0.5) (<5% vs. >5%) J-Tube (Yes vs. No)
MVA MVA MVA

HR [95% CI], p-Value HR [95% CI], p-Value HR [95% CI], p-Value
Relapse-free survival 1.13[0.64-2.01],p =0.67  1.29[0.71-2.32], p=0.40  1.36 [0.69-2.69], p = 0.37
Overall survival 0.98[0.57-1.70], p=0.95  1.27[0.73-2.24],p =040  0.86 [0.47-1.59], p = 0.63

MVA, multivariable regression analyses; HR, hazard ratio; CI, confidence interval.

4. Discussion

Pretreatment malnutrition is a common occurrence in patients with localized EC and may be
exacerbated by the toxicity of nCRT used as part of standard trimodality therapy (chemoradiation
therapy followed by esophagectomy) [4,6]. As malnutrition and associated muscle loss have been
strongly associated with multiple adverse treatment outcomes including increased chemotherapy
toxicity [13] and reduced survival [14] in other malignancies, deterioration of nutritional status in
patients undergoing nCRT for EC may be detrimental and further compromise survival in this deadly
disease. While postesophagectomy nutritional interventions such as FJT placement are beneficial [15],
there is little data on the impact of changes in nutritional markers during nCRT on outcomes for EC.

We conducted a single-center retrospective analysis of patients with EC who underwent nCRT
prior to esophagectomy. The majority of EC patients either developed or had exacerbation of weight
loss and hypoalbuminemia during nCRT. Our data are in line with prior studies showing high
rates of malnutrition related to nCRT [16]. Higher degrees of hypoalbuminemia or weight loss
during nCRT were associated with significantly higher rates of multiple important toxicity measures,
including chemotherapy dose modifications and nonhematologic, hematologic, and grade >3 toxicity.
Associations between impaired treatment tolerance and malnutrition or sarcopenia have previously
been identified with a variety of malignancies and cancer therapies [17,18]. While not thoroughly
studied, potential hypotheses linking these conditions include acquired pharmacokinetic differences in
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drug metabolism in patients with low lean muscle mass, variations of fat-free mass and volume of
distribution, among others [19]. Patients with profound weight and muscle loss during nCRT may be
unable to receive as much chemotherapy due to missed or reduced chemotherapy doses in the setting of
toxicity such as renal dysfunction or cytopenias. Notably, nonhematologic toxicities such as mucositis,
nausea, and vomiting were more common in patients with more pronounced hypoalbuminemia. These
challenging symptoms are mostly attributed to chemotherapy and may also have necessitated dose
modifications resulting in inadequate therapy. This warrants further investigation.

Weight loss was also associated with the type of chemotherapy regimen utilized, with higher
rates of weight loss in patients treated with cisplatin/5-FU compared to the more contemporary
regimen of carboplatin/paclitaxel. This is likely related to higher GI toxicity, particularly nausea
and mucositis, which have been associated with cisplatin/5-FU in clinical trials [20]. Malnutrition in
patients undergoing nCRT is likely further compounded by toxicity associated with radiotherapy,
especially esophagitis and dysphagia. Some data suggest that neoadjuvant chemotherapy prior to
nCRT may reduce malnutrition due to less dysphagia, resultant weight gain, and improved quality of
life [21]. More data regarding this approach and its impact on nutritional status and other outcomes
are necessary.

Beyond nutritional consultation and use of oral nutritional supplements, enteral support with
prophylactic FJT placement prior to nCRT is increasingly common at many centers. In our cohort, FJT
placement was most common in patients treated with carboplatin and paclitaxel, reflecting changes in
practice patterns. FJT placement was also more common in patients with a higher ECOG performance
score, suggesting that reduced baseline functioning may have contributed to the decision for FJT
placement. Although performance status is not typically a criterion for FJT use, physicians may choose
more aggressive nutritional support mechanisms in those who are weaker or deconditioned. Despite a
small reduction in weight loss (5 Ibs), there was no reduction in toxicity rates in patients who had an FJT
placed prior to nCRT. Other studies have also questioned the utility for preoperative enteral feeding.
Studies have shown high rates of tube-related complications without a substantial improvement in
nutritional parameters [12,22]. With complication rates up to 40% related to FJT use, including some
even requiring operative interventions [23], a detailed risk/benefit discussion must take place with
the patient prior to FJT placement. It is likely that certain select patients with critical malnutrition
and severe obstruction may benefit most from PEG or FJT placement before nCRT. Given the lack of
high-level evidence of enteral support during nCRT, consensus guidelines from major organizations do
not mandate enteral support but recommend consideration of FJT placement in those with significant
impairment of oral intake [24,25]. Additional prospective research regarding the utility and optimal
timing of FJT placement is warranted.

There is little available data regarding changes in nutritional markers during nCRT and survival
outcomes. To further understand these relationships in our cohort, we conducted an MVA of nutritional
status and RFS/OS after adjusting for relevant covariates including the onset of grade >3 toxicity,
the specific chemotherapy regimen used during nCRT, and the presence of a complete pathologic
response to nCRT, a known prognostic marker. Despite the strong associations between weight loss and
albumin loss and key toxicity endpoints in our UVA and MVA, there were no significant associations
between weight loss and hypoalbuminemia and RFS/OS. Furthermore, there was no impact of FJT
status on survival outcomes. While short-term changes in nutritional status during the 5-6 weeks
of nCRT may not impact survival outcomes, additional data are needed to understand the effect of
longer-term changes in nutritional markers on survival outcomes. Efforts should be made to identify
better biomarkers of nutritional status which may be more reflective of the true burden of malnutrition
and the resultant catabolic physiologic state (e.g., markers of inflammation) in this population.

There are limitations of our study. As a single-institution analysis, additional data from other
centers would help us understand the impact of nutritional status on toxicity and outcomes in larger
populations. The retrospective nature of our study makes it challenging to determine causality of
malnutrition with adverse outcomes as other patient, tumor, or treatment-related factors may have
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varying degrees of contribution. Retrospective evaluation of nutritional status and treatment-related
toxicity is challenging given limitations in clinical documentation. To overcome these challenges,
each chart was reviewed independently by two reviewers to assess accuracy. Finally, the diagnosis of
esophageal cancer in our cohort ranged over a period of 12 years, a time frame when the standard
of care for nCRT for localized esophageal cancer evolved as did nutritional support methods and
supportive care capabilities. Despite these limitations, given the high morbidity of nCRT and poor
survival of patients with esophageal cancer, these preliminary data support ongoing efforts to improve
nutritional status during nCRT in an effort to reduce toxicity and improve outcomes.

In the future, assessment of muscle status in conjunction with markers of malnutrition may
be useful in selecting patients who would benefit the most from aggressive nutritional support.
In those with evidence of severe muscle depletion and systemic inflammation, addition of one
of the many anticachexia agents in development in conjunction with nutritional support may be
especially advantageous [26]. In cases of severe malnutrition from esophageal tumor obstruction,
esophageal stent placement is increasingly used in the palliative setting and can lead to an immediate
improvement of obstructive symptoms. While this may prevent the need for enteral nutrition,
risks including esophageal fistula formation have been reported when stents were placed prior to
chemoradiotherapy [27]. While these strategies hold promise, further prospective evaluation is
necessary before standard use in clinical settings.

In this study, we demonstrate strong associations between malnutrition and increased
toxicity but not survival among patients with localized EC treated with nCRT. There was no
improvement in outcomes with FJT use, which calls into question the utility of prophylactic FJT
placement prior to nCRT. Our findings emphasize the need for future research to identify novel
strategies to reduce malnutrition and improve the tolerance of nCRT. Future studies will require
multidisciplinary strategies—potentially incorporating nutritional support, physical activity, and novel
anti-inflammatory/anticachexia pharmacotherapies—with the goal of improved treatment tolerance,
quality of life, and, ultimately, survival.
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Abstract: The aim of this meta-analysis was to examine the effects of nutritional and physical exercise
interventions and interventions combining these interventions during radiotherapy treatment for
patients with head and neck cancer on body composition, objectively measured physical function and
nutritional status. Systematic electronic searches were conducted in MEDLINE (PubMed interface),
EMBASE (Ovid interface), CINAHL (EBSCO interface) and Cochrane Library (Wiley interface).
We identified 13 randomized controlled trials (RCTs) that included 858 patients. For body composition,
using only nutrition as intervention, a significant difference between treatment and control group were
observed (SMD 0.42 (95CI 0.23-0.62), p < 0.001). Only pilot RCTs investigated combination treatment
and no significant difference between the treatment and control groups were found (SMD 0.21 (95CI
—0.16-0.58), p = 0.259). For physical function, a significant difference between treatment and control
group with a better outcome for the treatment group were observed (SMD 0.78 (95CI 0.51-1.04),
p <0.001). No effects on nutritional status were found. This meta-analysis found significantly
positive effects of nutrition and physical exercise interventions alone in favor of the treatment groups.
No effects in studies with combined interventions were observed. Future full-scaled RCTs combining
nutrition and physical exercise is warranted.

Keywords: head and neck neoplasms; nutrition; physical exercise; radiotherapy; meta-analysis;
nutritional status; physical function; body composition

Nutrients 2020, 12, 3233; d0i:10.3390/nu12113233 138 www.mdpi.com/journal/nutrients



Nutrients 2020, 12, 3233

1. Introduction

Head and neck cancers (HNCs) comprises malignancies of the oral cavity, throat, larynx, salivary
glands as well as nasal and paranasal sinuses. Surgery and radiotherapy (RT), sometimes combined
with chemotherapy (CT) are the main treatment approaches [1]. Aggressive treatment regimens are
effective to achieve tumor control and cure patients, but they also cause severe side-effects such as
mouth dryness, mucositis and difficulties in swallowing [2]. Eating challenges due to tumor growth is
one of the presenting symptoms of HNCs for many patients. Not surprisingly, when the challenges
of the tumor is amplified by side effects of treatment that compromise dietary intake, many patients
experience unintentional weight loss accompanied with muscle wasting [3]. Muscle wasting may
influence muscle function and lead to loss of strength, increase fatigue and decrease quality of life [4].

To counteract the negative effects of weight loss and diminishing muscle mass for patients
with HNCs during RT, it is recommended to ensure nutritional intake primarily through nutritional
counseling and/or use of oral nutritional supplements (ONS) [5,6]. These recommendations are based
on reviews indicating that dietary counselling can improve nutritional status and quality of life during
RT [7,8]. However, the evidence supporting these strategies are inconclusive partly because previous
reviews were not limited to randomized controlled trials (RCTs), patients with HNCs or interventions
starting simultaneously with anticancer therapy. Physical exercise is another strategy that has the
potential to decrease muscle catabolism and increase anabolism [5]. For patients with HNCs, exercise
interventions have been tested in several pilot studies and are shown to be feasible, safe and to have
potential impact on body composition, physical function, quality of life and fatigue management [9,10].

For patients treated for HNCs, weight loss, loss of strength, fatigue, and decreased quality of life
are parts of a multidimensional problem related to both inadequate food intake and inactivity [7,11,12].
It is therefore a need to examine the impact of interventions combining nutrition and physical exercise
as well as the feasibility of such interventions in this exposed population. Most previous studies have
focused on either nutrition or physical exercise. However, physical exercise may be of importance for
full effect of nutritional interventions and vice versa, sufficient nutrition is essential for optimal effect of
physical exercise [5]. It could thus be hypothesized that a treatment approach including both nutrition
and exercise is more effective improving patient outcomes than each intervention given alone. The aim
of this systematic review and meta-analysis is therefore to examine current evidence for nutritional
interventions alone, physical exercise interventions alone and interventions combining nutrition and
physical exercise during radiotherapy treatment for patients with head and neck cancer. The main
research questions are: (1) What are the effects on nutritional status, body composition and objectively
measured physical function? (2) What is the content of the interventions? (3) What is adherence to and
completion rate of the different interventions?

2. Material and Methods

The present review was conducted in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta Analyses (PRISMA) statement guidelines [13] and the review protocol is registered in
the International Prospective Register of Systematic Reviews (PROSPERO) (Reg. nr.; CRD42018081487).

2.1. Data Sources, Search Strategy and Selection Criteria

2.1.1. Data Sources

Electronic searches were conducted the 31 October 2018 in MEDLINE (PubMed interface), EMBASE
(Ovid interface), CINAHL (EBSCO interface) and Cochrane Library (Wiley interface). Additionally,
the reference list of included studies and relevant systematic reviews were screened. Updated search
in MEDLINE for the period between the 1 November 2018 and 3 June 2019 was later conducted to
identify any additional relevant publication.
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2.1.2. Search Strategy

The searches consisted of combinations of controlled terminology and free-text terms expressing
the concepts (1) head and neck cancer and (2) exercise and (3) nutrition, adapted to each specific
database. In Appendix A, the full search strategy of each database is described.

2.1.3. Selection Criteria

Inclusion criteria are shown in Table 1. Full scale RCTs and pilot RCTs evaluating the feasibility
and/or effect of nutritional interventions and/or physical exercise published in peer-reviewed journals
were considered for inclusion.

Table 1. PICOS (patients/population, intervention, comparator, outcomes, study design) criteria for
inclusion and exclusion of studies.

Inclusion Criteria Exclusion Criteria

Adults diagnosed with HNC, receiving RT with Patients <18 years of age,

Population curative intent (+ concomitant CT) cancer with another origin,
surgery as only treatment
(1) Physical exercise or (2) nutrition or (3) a (1) Interventions 1n1t1a't ed before
L7 . - o start or after completion of RT
combination of exercise and nutrition. Initiated (2) Nutritional interventions
at start of RT and conducted during RT. o .
. . . . consisting only of vitamins
. Physical exercise is defined as sessions of .
Intervention . . or minerals
muscle strength and/or aerobic exercise. R
s . . . (3) Comparisons of enteral and
Nutrition is defined as, dietary counselling, oral .
e e parenteral solutions
nutritional supplements or enteral nutrition by . .
. (4) Swallowing exercise
nasogastric tube or PEG g .
interventions alone
Comparator Standard care or placebo
Nutritional status (validated assessment
instruments, e.g., SGA or PG-SGA), body
composition (body weight, BMI, muscle mass Quality of life, fatigue, feasibility,
Outcome or lean body mass, fat mass) and/or objectively  treatment tolerance or survival as

measured physical functioning (walk test, only outcome measure
handgrip strength, physical or
performance battery)

Case series with <10 participants,
Study design RCTs or pilot RCTs qualitative studies, reviews, letters,
editorials, notes

Setting No restrictions

Time frame No restrictions

Abbreviations: HNC: head and neck cancer; RT: radiotherapy; CT: chemotherapy; PEG: percutanous endoscopic
gastrostomy; SGA: subjective global assessment; PG-SGA: patient generated-SGA; BMI: body mass index RCT:
randomized clinical trial.

The details of the search process are shown in Figure 1. All identified records were screened
for duplicates and irrelevant titles by the second author (JAS). Remaining abstracts were screened
by three pairs of reviewers (LMO/LT, AB/TSS and GBS/JAS) and full-text papers were subsequently
screened by the same pairs. Reasons for excluding abstracts and full-text papers were documented
by the pairs. A third reviewer’s opinion was called for in cases of disagreement regarding eligibility.
Data concerning participant characteristics, content of the interventions, outcome measures, results and
conclusions were extracted. Disagreement on final inclusion and exclusion were agreed by consensus
by three of the authors (JAS, LMO, AB).
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram
of reviewed and included studies.

2.2. Quality Assessment

The methodological quality of the included RCTs was assessed independently by two of the
reviewers (AB, LMO), using the Physiotherapy Evidence Database (PEDro) scale [14]. The PEDro scale
is developed for the Physiotherapy Evidence Database by the Centre for Evidence-Based Physiotherapy
to evaluate the methodological quality of studies with physical exercise and therefore relevant for this
review. The scale is also found to have acceptable reliability and validity when examining studies
with other types of interventions [15]. The PEDro scale examines presence or absence of 11 quality
measures, but only 10 are scored leaving the final score ranging from 0 to 10 points [14]. Criterion
one relates to external validity (not calculated), criteria 2-9 assess internal validity, and criteria 10 and
11 verify whether the studies have enough statistical information for the results to be interpretable.
A score between 8-10 is considered as high quality, 5-7 as moderate quality and 0—4 low quality.

2.3. Data Extraction and Statistical Analyses

The following data was extracted from the included studies by the first author (AB): authors,
year, country, study design, patient group (sample size and disease), inclusion criteria, details of the
interventions, adherence to the intervention, completion rate, outcomes and results. Adherence was
defined to be reflected by measures of how well the patients complied with the intervention, e.g., energy
intake in relation to calculated needs and number of exercise sessions completed. Whether the patients
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stayed in the trial to the end of study was registered as completion. Outcomes of interest were nutritional
status, body composition and objectively measured physical function. Regarding nutritional status
were use of validated assessment instruments (generic and disease specific) considered relevant as well
as use of medical data known to reflect nutritional status. Regarding body composition, the following
measures were considered relevant; absolute or change in body weight, body mass index (BMI), muscle
mass, lean body mass or fat mass. For objectively measured physical function, the following measures
were relevant; absolute or change in any physical fitness test such as a walk test, handgrip strength,
physical or performance battery. When data were available and reliable scales were used, the studies
were combined in a meta-analysis. We attempted to contact study authors to request values for any
missing data and if this was not successful, we did not impute the data into the meta-analysis.

Publication bias was assessed by funnel plots and the LFK index and Doi plots [16] to detect and
quantify asymmetry of study effects. LFK index values outside the interval between —1 and +1 are
considered consistent with asymmetry (i.e., publication bias). Stata version 15 (Stata Corp, College
Station, TX, USA) with the user-developed packages metan [17], metafunnel [18] metabias [19] and
Doi plot and estimates the LFK index [20] were used for all the estimations.

3. Results

Search results are summarized in the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram (Figure 1). The database searches retrieved a total of 2535
records. One additional record was identified from a hand search of review paper references. After
removal of duplicates, 2224 studies were left to screen. After screening title and abstracts, 1967 papers
were excluded for not meeting the inclusion criteria, leaving 257 studies for full text review. After the
full text review, 13 RCTs were included (Table 2), nine full scale RCTs and four pilot RCTs. Reasons for
exclusions are listed in Figure 1. The included studies were conducted in Europe (1 = 4), United States
of America (1 = 4), Asia (n = 3), Canada (n = 1), and Australia (n = 1). Publication year from 1984 [21]
to 2019 [22].

3.1. Quality Assessment

Two of the full scale RCTs studies [23,26] were considered as high quality (eight to 10 points)
(Table 3), four were considered of moderate quality (five to seven points) [22,27,29,30] and three as low
quality [21,24,25]. Two of the pilot RCTs [28,31] were of high quality and two of moderate quality [9,32].
All the high and moderate quality studies clearly specified methods used and how the randomization
was performed. Methodological uncertainties included blinding (minding that it is difficult to blind
participants in both nutritional and exercise studies) and lack of intention to treat analysis [23,26,28].
For the three low quality studies, eligibility criteria were not specified [24] or unclear [25], it was
uncertainties about random allocation to groups and similarity in outcome variables at baseline [21,24]
as well as uncertainties regarding concealed allocation and intention-to-treat analysis [21,24,25].
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Table 3. Methodological quality assessment: Randomized controlled trials on the effectiveness of
exercise and/or nutrition interventions on nutritional status, physical function and quality of life in
patients with head and neck cancer.

Intervention Criteria *
Study Type

Total Quality
1 2 3 4 5 6 7 8 9 10 **

Randomized Controlled Trials

25031?‘[12921'] Exercise + 4+ o+ o+ - - =+ -+ ¥ 7 Moderate
zs()alr;l?;(l)’] Exercise + 4+ -+ - - - - -+ ¥ 5 Moderate
Z(éfgeég’] Nutrition o+ o+ o+ - = -+ o+ 8 High
) O]izn[%ﬂ Nutrition o+ o+ o+ - = =+ o+ o+ 8 High
;)?;s[szegli Nutrition + + + + - - - - - + + 6 Moderate
goaoxéa[szc;)], Nutrition 2 + + ? _ _ _ + + + + 6 Moderate
;%%I;rgsg]’ Nutrition + ? + - - ? + - ? + 4 Low
gge;“[‘;i'] Nutrition A e Low
19]8321[); 1 Nutrition + - ? ? - - - ? - + - 2 Low
Pilot and Feasibility Studies

S P oo e e ek
Groem BemR L a7 e
A
e R I N

* The criteria addressed the following issues: 1 eligibility criteria specified; 2 randomly allocated to groups;
3 allocation concealment; 4 groups similar at baseline; 5 blinding of all subjects; 6 blinding of caregivers; 7 blinded
outcome assessment; 8 measures obtained from least 85% of subjects; 9 intention-to-treat analysis; 10 between-group
statistics; 11 measure of variability. + = yes, - = no and ? = unclear. Points were awarded only when a criterion was
clearly satisfied. Criterion 1 is not scored. Each other criterion was given equal weight (i.e., 1 point) for a maximum
sum score of 10. ** High quality: 8-10, moderate: 5-7, low: 0—4.

3.2. Study Characteristics

Four pilot RCTs (Table 2) investigated effects of interventions combining nutrition and physical
exercise [9,28,31,32] with sample sizes between 15 [28] and 60 participants [32]. Seven studies
investigated the effects of nutritional interventions only [21,23-27,29] with sample sizes varying
from 31 [24] to 159 participants [23] and study duration ranging from six weeks during treatment [26]
up to six months due to follow up after the intervention period [21] (Tables 2 and 4). One study
had three arms [27], i.e., one group received individualized dietary counselling, one ONS and the
last group was advised to eat ad libitum. Two studies with sample sizes of 48 and 148 patients
investigated exercise interventions during RT with follow up seven and four weeks after end of RT,
respectively [22,30] (Table 4).
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3.3. Effects on Nutritional Status, Body Composition and Physical Function

Outcomes and effects of the interventions are summarized in the Supplementary table. Nutritional
status was measured in three studies [26,27,32]. No statistically significant difference between
intervention and control group were found. Just two of the studies [26,32] presented group data and
therefor a quantitative analysis of effects on nutritional status was not meaningful.

Nine studies were included in the quantitative synthesis of effects on body composition
(Figure 2a) [9,23-26,28,29,31,32]. Absolute weight or weight change were used as outcome variable
for body composition in all studies except for three [28,31,32] were change in BMI was used. In the
fixed-effect meta-analysis on body composition, it was a significant difference between intervention
and control group for the studies using only nutrition as intervention (SMD 0.42 (95CI 0.23 - 0.62),
p < 0.001), but not for the trials combining nutrition and physical exercise (SMD 0.21 (95CI —0.16 — 0.58),
p = 0.259). Still, the estimated difference using all the included trials was highly significant (SMD 0.38
(95CI0.20 - 0.55), p < 0.001) with a better outcome for the intervention group. The heterogeneity was
low with an overall IZ statistics of 0% and a non-significant Cochran’s Q test (p-value = 0.463). Assessing
the corresponding funnel plot (Supplementary Figure S1) and the Egger’s test for small-study effects
(p = 0.947) as well as the DOI plot and the LFK index (-0.99) (Figure 2b), no publication bias in the
studies were detect.

%
Study SMD (95% CI) Weight
i
Nutrition ¥
Hearn (nasopharynx), 1985 —0——'— -0.18 (-1.50, 1.14) 127
'
Hearn (all others), 1985 |_‘— 1.45 (0.36, 2.53) 262
Isenring, 2003 — 0.75 (0.03, 1.48) 588
'
Roussel, 2017 b 0.13(-0.29, 0.55) 17.39
Cereda, 2018 0.46 (0.15, 0.78) 31.02
Jiang, 2019 — 0.45 (0.04, 0.86) 18.56
Subtotal (I-squared = 28.1%, p = 0.224) <> 0.42 (0.23,0.62) 77.24
"
'
'
Nutrition and physical ¥
'
Rogers, 2012 —_—— -0.20 (-1.22,0.82) 298
Capozzi, 2016 S e — 0.22(-0.39, 0.83) 829
'
Zhao, 2016 _—0:_ 0.30 (-0.68, 1.25) 3.39
Sandmael, 2017 —_— 0.32(-0.29, 0.94) 8.10
Subtotal (I- d = 0.0%, p = 0.854; 0.21(-0.186, 0.58) 2276
ubtotal (1-square ) ) <:> ¢ )
i
Heterogeneity between groups: p = 0.319 \
Overall (I-squared = 0.0%, p = 0.463) 0 0.38 (0.20, 0.55) 100.00
v
'
T T T T

2 -1 0 /| 2
Control better Treatment better

(a)

Figure 2. Cont.
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Figure 2. (a) The effects of nutritional and exercise interventions on body composition; (b) the symmetry
of body composition results presented in Doi plot. ES, effect size.

Five studies were included in the quantitative synthesis of effects on physical function
(Figure 3a) [22,28,30-32], of which three studies combined nutrition and physical exercise [28,31,32].
The six minutes-walk test was used as outcome measure except for Capozzi et al. [32] and
Rogers et al. [28] where handgrip strength was used. In the fixed-effect meta-analysis on physical
function, it was a highly significant difference between intervention and control group (SMD 0.78 (95CI
0.51-1.04), p < 0.001) with a better outcome for the intervention group. The heterogeneity was higher
than in the trials on body mass with an overall I? statistics of 50.1%, but a non-significant Cochran’s
Q test (p-value = 0.091). Assessing the corresponding funnel plot (Supplementary Figure S2) and
the Egger’s test for small-study effects (p = 0.896) as well as the DOI plot and the LFK index (-0.73)
(Figure 3b), no publication bias in the studies were detected.
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%

Study SMD (95% Cl) Weight
Rogers, 2012 —*—§ 0.11 (-0.90, 1.13) 6.82
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Figure 3. (a)Effects of nutritional and exercise interventions on physical function; (b) the symmetry of
physical function results presented in Doi plot.

3.4. The Content of the Interventions
A detailed description of the content in the interventions is presented in Table 4.
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3.4.1. Nutrition

The most frequent nutritional intervention (six of 11 studies) was individualized dietary counselling
based on regular food with or without ONS aiming to meet estimated individual needs for energy
and protein [23,25,27-29,31]. In three of the studies [23,25,29], dietary counselling was considered
as standard care and therefor applied in the control group but with less monitoring and feedback
than in the intervention group. In one study, participants in both groups received dietary counselling
by a dietitian before initiation of CRT, and then again at discretion of the attending physician, if the
participants experienced a decrease in BMI of 5 to 10% [31]. Two studies intervened with ONS only
and the patients were encouraged to take 1-2 bottles each day [9,26]. Nasogastric tube feeding was the
intervention in two studies whereas the control group received dietary counselling [21,24]. For both
tube feeding and counselling, the goal was to meet estimated energy (40 kcal/kg/day) and protein (1 to
1.5 g protein/kg/day) needs. For the last study [32] the exact content of the nutritional intervention was
not specified, but it was reported that a group based dietary counselling was given by a dietitian as
part of a 12-week lifestyle program.

3.4.2. Physical Exercise

In four of the six studies that included physical exercise, a combination of resistance and aerobic
exercises was applied [9,22,30,31]. Two studies intervened with resistance exercises only [28,32].
The resistance exercises covered the major muscle groups and were monitored and supervised by
a trainer or physiotherapist 2-5 times a week during RT in five studies [9,22,28,31,32]. In the last
study [30] the patients received an individualized and structured exercise program, and their family
members were asked to motivate the patients to do the exercises. In all studies, the patients were
encouraged to proceed with the resistance exercises at home after RT and a weekly follow up telephone
was applied in three studies [22,28,31]. The applied aerobic exercise included brisk walking for
15-20 min five days a week [22,30], multiple short duration continuous walking to achieve a total
walking time of 30 min a day [31] and 150 min moderate intensity aerobic exercise per week [9].

3.5. Adherence to the Intervention and Completion Rate

Adherence to the interventions and completion rates are presented in Table 4.

3.5.1. Adherence

Four studies [25,30-32] did not present data regarding nutritional interventions adherence.
Three studies evaluated adherence in relation to how well the patients met their energy and protein
needs [23,27,29]. In two of these studies [23,29] intake in accordance with estimated needs was
reported during the intervention and follow-up both in the intervention and control group. Ravasco
et al. [27] found that the group receiving dietary counselling had higher energy intake and thereby
better adherence than the group using ONS and the ad lib group at the end of RT and at three months
follow-up. In the two studies using ONS, adherence was evaluated as number of ingested ONS in
relation to planned amount. One study reported an adherence rate of 57% during treatment and
76% after treatment [9] while the other study reported that about 52% of the provided ONS were
consumed [26]. In the two studies investigating tube feeding, 9% [24] and 14% [21] refused the
intervention and were converted to the control group. In the same studies, were two patients converted
from the control to the intervention group in each study due to weight loss during the first week of RT.

Four of six studies reported data on adherence to the exercise intervention [9,28,31,32].
Rogers et al. [28] reported that 83% of the planned exercise sessions were completed at 6 weeks
and 62% in the period between week 6 and 12. In Zhao et al., [31] the overall adherence to the exercise
program was 72% (15.2 out of maximum 21 sessions). Two studies had a similar design with an
intervention during RT and another group receiving a delayed intervention, i.e., after completion of
RT [9,32]. In the study of Capozzi et al. [32] the weekly attendance to the supervised exercise program
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was 45% during cancer treatment and 61% after. In Sandmael et al. [9] overall adherence to strength
and aerobic exercise was 81% and 94%, respectively.

3.5.2. Completion Rates

All studies reported data on completion rate. Ravasco et al. [27] reported that all patients
completed the study. For the other studies with nutritional intervention the completion rate varied
between 70% [23] and 92% [21]. For most nutritional studies patients lost for follow up was similar in
the intervention and control group except for the study of Isenring et al. [25] (7% in the intervention and
14% in the control group) and Hearne et al. [24] (22% in the intervention and 8% in the control group).

The exercise only studies reported 81% [22] and 86% [30] completion and similar number of
patients lost for follow-up in the intervention and control group. In the feasibility studies investigating
a combination of nutrition and exercise, the completion rate varied between 60% [32] and 87% [28].

4. Discussion

This systematic review and meta-analyses show that nutrition and physical exercise interventions
have a positive effect on body composition and physical function for patients with HNCs undergoing RT
(+/- concomitant CT) with a curative intent. The nutritional interventions were mainly individualized
dietary counselling aiming to meet estimated energy and protein needs and use of ONS in case
of inadequate energy intake. The physical exercise was typically supervised with a combination
of strength and aerobic exercises used, performed two to five times a week. In case of nutritional
interventions, the adherence to dietary advices after counseling was reported good, but it was measured
in just half of the studies. When ONS were used, about half of the patients did not consume the
recommended amount. The adherence to exercise varied between 45% and 83% and completion rates
between 60% and 80%. The lowest adherence and completion rate were reported for interventions
combining nutrition and physical exercise.

4.1. Strengths and Limitations

This is, to our knowledge, the first systematic review seeking to examine the effects of both
nutrition and physical exercise in patients with HNCs undergoing RT. A major strength of this review
is the authors’ attempt to identify all relevant studies by using a comprehensive search strategy in
multiple databases lead by a research Liberian as well as methodological strictness performing the
systematic review and meta-analyses. All authors participated in the process which also included
hand-search of review paper references to identify additional studies that may have been lost in the
initial search.

Based on available guidelines, it was expected that interventions combining nutrition and
physical exercise would have a better effect on nutritional status, body composition and physical
function than nutrition and physical exercise alone [5]. However, only four studies [9,28,31,32] with
combined interventions were identified and included in the meta-analysis to explore the effects on
body composition. A major limitation is that all four studies were pilot/feasibility, i.e., not powered
to detect statistically significance difference between the groups. Another limitation was that no
relevant measures regarding the other outcomes of interest, nutritional status and physical function,
were provided. Based on this, it is not possible to draw any meaningful conclusion regarding effects of
combined nutrition and physical exercise interventions in patients with HNCs undergoing RT.

Several factors, largely reflecting limitations in the included studies, may have influenced the
results showing effect on body composition and physical function of the interventions. Nine of 13
studies were of poor or modest methodological quality mainly due to uncertainties about baseline
assessments of outcome variables, heterogeneity in anti-cancer treatment and random allocation to
groups. In addition, uncertainties regarding intention-to-treat analysis were seen in six of the studies.
The lowest methodological quality was seen in the oldest studies [21,24,25,27], all investigating effects
of nutritional interventions. One of these studies used only within group and not between-group
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statistical comparisons analyzing the outcomes of interest for this review [27] which make the results
more or less useless in a randomized design where the aim is to compare two or more groups.

The specific interventions given in the included studies were heterogenous and in many studies
poorly described. Even if individualized dietary counselling and combinations of strength and aerobic
exercises were the most common interventions, it was a variation in the delivery that may have
affected the results. In one of the studies [31] the nutrition intervention was delivered as part of a
comprehensive lifestyle program. Thus, participants were receiving concomitant additional lifestyle
interventions such as clinical support and health education which may have had a synergistic effect
on the outcomes. Additionally, parts of the lifestyle program were also used in the control group
potentially contributing to an equalization of possible effects [33].

The measurements of outcomes of interest for this review were highly heterogeneous. In the
nutrition field it is an acknowledged problem that high quality indicators to demonstrate the effect of
nutritional interventions are lacking [34]. Changes in weight and BMI have long been regarded as
practical indicators of changes in nutritional status and body composition [35]. Although of value,
these measurements do not captured changes in muscle mass which is associated with several negative
outcomes specifically in cancer patients [35,36]. The use of weight and BMI as measures of body
composition may have confounded the effects of the nutrition intervention but may even more the
interventions with physical exercise since they are expected to have a direct effect on muscle mass.
The exercise studies were also heterogenous regarding the measurements of physical function (three
used six-minute walk test and two used hand grip test) and one study [9] did not include an objective
physical functioning at all. The most used six-minute walk test mainly measure walking ability and
endurance and may not catch up changes in muscular strength, muscle mass and muscle waste [37,38].
Thus, future full scaled studies including both nutrition and physical exercise are warranted. The future
studies should more carefully choose an appropriate and specific method to measure body composition
and physical function according to the intervention given.

4.2. Nutritional Interventions

The result showing that nutritional interventions alone have a positive effect on body composition
isin line with the results from a former study reviewing effects of nutritional interventions on nutritional
status, quality of life and mortality in patients with HNCs receiving RT [7]. The authors concluded that
individualized dietary counselling based on regular food with or without ONS has a beneficial effect
on energy and protein intake and nutritional status when comparing with standard nutritional care.
Additionally, they found that ONS alone only showed short-term effects on energy and protein intake
and inconsistent effects on nutritional status and tube feeding versus ONS showed no beneficial effects.

The current nutrition guidelines for patients with HNCs recommends individualized dietary
counselling in combination with ONS and/or initiation of tube feeding when oral intake is
inadequate [5]. In the present review, this approach was used in five of 11 studies with nutritional
intervention [23,25,26,29,31] while one used only dietary counselling [28] and a pilot study used
only ONS [9]. Dietary counselling is considered the best approach to promote adherence to dietary
advices [39,40] since it allows an individual tailoring of the diet to personal needs and desires [40,41].
An indication of this was also found in one of the selected studies, designed to compare effect on
dietary intake after dietary counselling, use of ONS and eating ad libitum [27]. It was concluded that
dietary counselling was the only intervention that improved dietary intake and had a positive effect
on nutritional status. However, a more recent study found that HNCs patients receiving counselling
in combination with ONS had a higher intake of micronutrients and preserved weight better than
patients not using ONS [42], supporting the current guidelines recommending addition of ONS when
oral intake is inadequate [5].

Two older studies of low methodological quality used tube feeding from start of RT [21,24]. A recent
review did not show that prophylactic tube feeding in patients with HNCs is more beneficial than
ONS regarding nutritional status and body composition [7]. However, after individual considerations
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tube feeding may be regarded beneficial, but since some patients may consider it burdensome, it is
important to explore the patient’s wishes and preferences before initiated [43,44].

Unfortunately, there was little information about adherence to dietary counselling, as it was
reported in only three of six studies [23,27,29]. All studies reported dietary intake in accordance with
estimated needs indicating high adherence. This supports the assumption that individualized dietary
counselling promote adherence to dietary advices [40]. The study of Ravasco et al. [27] also found
that counselling resulted in a higher intake of macronutrients than just using ONS. This is in line
with the findings from the two included studies using ONS as intervention [9,26], both showing low
adherence (57% and 52%, respectively). In a qualitative study from our group the respondents with
HNCs expressed that ONS only made sense during the initial weeks of radiotherapy, and that after this
it got unbearable to ingest them due to side effects from RT [45]. These respondents also indicated that
being exposed to the side effects of radiotherapy was experienced as quite different from just hearing
and reading about them. This finding may have consequences for when nutritional interventions
should be delivered. It is possibly not necessary to use intensive dietary counselling from start of RT,
but instead use nutritional surveillance systematically and provide of dietary counselling when the
patients developed eating problems as recommended in a study [46].

4.3. Exercise Interventions

According the recently published guidelines for physical exercise in cancer patients, there is
relative strong evidence for prescribing physical exercise for the effects on physical function for cancer
patients [47]. However, it should be noted that these guidelines are based on data from self-reported
physical function (using different self-reported questionnaires) and not results for objective physical
function being used as the outcome in this meta-analysis. Regarding data from objective measures,
the evidence base on this outcome remains immature and more challenging to aggregate due to the
variation and limitations of assessment techniques. Therefore, the results from our meta-analysis needs
to be regarded with caution and more studies are warranted to conclude more firmly.

Four of six potential studies reported adherence to the exercise intervention, and reported
adherence was in general high, but ranging from 45-83%. However, the reporting of exercise was
different between the studies, making it challenging to compare. Sandmeel et al. [9] reported a high
adherence rate of 81% for the entire period during treatment, while Rogers et al. [28], divided the
adherence rate in the period between 0-6 weeks (83%) and 6-12 weeks (62%) showing a decline in
adherence in the six last weeks of treatment as the patients get more complaints. The reporting of
adherence in exercise studies has until recently been suboptimal in most studies and in the future,
greater demands should be made concerning reporting of adherence [37].

Supervised exercise appears to be more effective than unsupervised or home-based
interventions [47,48]. In line with these recommendations, all the included studies in this meta-analysis
used supervised exercise.

5. Conclusions

This meta-analysis found significantly positive effects of interventions with nutrition alone and
physical exercise alone in body composition and objective physical function in favor of the treatment
groups. However, the included studies were highly heterogenic both regarding measurement methods
and the content of the interventions which may have affected the result of the meta-analysis. Due to
the pilot and feasibility design of the studies combining physical exercise and nutrition, no conclusions
can be drawn concerning the effects from these studies. Future full-scaled RCTs combining nutrition
and physical exercise is warranted.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/11/3233/s1,
Figure S1: The symmetry of body composition results presented in Funnel plot, Figure S2: The symmetry of
physical function results presented in Funnel plot, Table S1: Outcomes and effects of nutritional and exercise
interventions, organized according to study type, year of publication and intervention.
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Appendix A Search Strategy

Appendix A.1 PubMed—3 June 2019

#1. “Head and Neck Neoplasms” [Mesh] AND (“Diet Therapy” [Mesh] OR “diet therapy”
[Subheading] OR “Dietary Supplements”[Mesh] OR “Exercise”[Mesh] OR “Exercise Movement
Techniques”[Mesh] OR “Exercise Therapy”[Mesh])

#2.  ((head[ti] OR neck[ti]) AND (cancer[ti] OR tumor[ti] OR tumour[ti] OR carcinoma*[ti])) AND
(exercis*[ti] OR diet[ti] OR diets[ti] OR dietary OR nutrition*[ti] OR training[ti] OR physical
activity[ti] OR rehabilitation[ti] OR life style[ti]) NOT medline[sb]

#3. #1 OR #2 > 552 hits > EndNote PubMed in label field

Appendix A.2 Embase—1974 to 3 June 2019

1. “head and neck cancer”/dm, rt, rh, si, th [Disease Management, Radiotherapy, Rehabilitation, Side
Effect, Therapy]

2. (diet therapy/or dietary intake/or exp exercise/or exp kinesiotherapy/or nutritional counseling/or
nutritional support/or diet supplementation/or nutrition/)

3. 1land 2> 350 hits > EndNote Embase in label field

Appendix A.3 Cochrane Library—CDSR issue 6/12, June 2019, DARE issue 2/4, April 2015, CENTRAL issue

5/12, May 2016

#1. (head or neck) and (cancer or carcinom* or tumor* or tumour®*): ti,ab,kw

#2.  (exercise or training or diet or diets or dietary or nutrition or rehabilitation or “life style” or
“physical activity”): ti,ab,kw

#3.  #1 and #2 > 379 hits (40 CDSR/7 DARE/343 CENTRAL) > EndNote CDSR/DARE/CENTRAL in
label field

Appendix A.4 CINAHL June 2019

S1 TI ((head OR neck) AND (cancer OR tumor OR tumour OR carcinoma*))

S2 AB ((head OR neck) AND (cancer OR tumor OR tumour OR carcinoma*))

S3 TI (exercis* OR diet OR diets OR nutrition* OR training OR rehabilition OR “physical activity” OR
lifestyle OR “life style”)

54 AB (exercis* OR diet OR diets OR nutrition* OR training OR rehabilition OR “physical activity” OR
lifestyle OR “life style”)

S5 TI (therap* OR treatment* OR intervention* OR management* OR radiotherap* OR chemotherap*
OR chemoradiotherap*)

S6 AB (therap* OR treatment* OR intervention* OR management* OR radiotherap* OR chemotherap*
OR chemoradiotherap*)

S7 (s1 OR s2) AND (s3 OR s4) AND (s5 or s6) > 389 hits > EndNote CINAHL in label field
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Abstract: Pre-operative nutrition screening is recommended to identify cancer patients at risk of
malnutrition, which is associated with poor outcomes. Low muscle mass (sarcopenia) and lipid
infiltration to muscle cells (myosteatosis) are similarly associated with poor outcomes but are not
routinely screened for. We investigated the prevalence of sarcopenia and myosteatosis across the
nutrition screening triage categories of the Patient-Generated Subjective Global Assessment Short
Form (PG-SGAgr) in a pre-operative colorectal cancer (CRC) cohort. Data were prospectively
collected from patients scheduled for surgery at two sites in Edmonton, Canada. PG-SGAgE scores
> 4 identified patients at risk for malnutrition; sarcopenia and myosteatosis were identified using
computed-tomography (CT) analysis. Patients (n = 176) with a mean age of 63.8 + 12.0 years,
52.3% male, 90.3% with stage I-1III disease were included. Overall, 25.2% had PG-SGAgF score > 4.
Sarcopenia alone, myosteatosis alone or both were identified in 14.0%, 27.3%, and 6.4% of patients,
respectively. Sarcopenia and/or myosteatosis were identified in 43.4% of those with PG-SGAgp
score < 4 and in 58.5% of those with score > 4. Overall, 32.9% of the cohort had sarcopenia and/or
myosteatosis with PG-SGAgp score < 4. CT-defined sarcopenia and myosteatosis are prevalent in
pre-operative CRC patients, regardless of the presence of traditional nutrition risk factors (weight
loss, problems eating); therefore, CT image analysis effectively adds value to nutrition screening by
identifying patients with other risk factors for poor outcomes.

Keywords: malnutrition; sarcopenia; colorectal cancer; CT; PG-SGA; subjective global assessment;
myosteatosis; muscle mass

1. Introduction

Globally, colorectal cancer is among the most frequently diagnosed cancers accounting for
1.8 million new diagnoses and 800,000 deaths in 2018 [1]. Surgical resection typically occurs shortly
after diagnosis especially in organ-confined disease. Depending on risk factors, resection may be
followed by adjuvant chemotherapy to reduce recurrence risk. In locally advanced disease, surgical
resection may be preceded by neo-adjuvant chemotherapy and/or radiation and subsequently followed
by adjuvant chemotherapy. In these cases, total curative treatment time can be up to 18 months.
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In both surgical and oncological contexts, routine nutrition screening is recommended to identify
patients with or at risk of malnutrition, characterized in cancer patients by negative energy balance
and skeletal muscle loss [2-4]. Malnutrition is associated with longer length of post-operative hospital
stay [5], surgical complications [6-9], and reduced overall survival for cancer patients [10-12], therefore
early identification of risk factors that can lead to malnutrition (e.g., weight loss, problems eating, poor
appetite) is essential. Pre-operative nutritional care, starting with nutrition screening, is one of the tenets
of the evidence-based, multi-modal Enhanced Recovery After Surgery (ERAS) protocol. Designed
to reduce peri-operative stress, maintain physiological function post-operatively, and promote faster
recovery, the widely-accepted protocol consists of approximately 20 recommendations including
several related to optimal nutrition care from pre-operative nutrition screening to post-operative early
feeding and immuno-nutrition [3]. However, despite general agreement on the benefit of nutrition
screening in both surgical and oncological settings, no single screening tool is recommended [2—4].
The Patient-Generated Subjective Global Assessment Short Form (PG-SGAgg, © FD Ottery, 2001) is
a validated screening tool that is commonly used in ambulatory oncology settings. As an abridged
version of the patient and clinician-completed Patient-Generated Subjective Global Assessment, it uses
patient-reported recent weight loss, symptoms, and difficulty eating as indicators of risk to quickly
identify patients who may benefit from further nutritional assessment and intervention [13,14].

While traditional indicators of nutrition risk such as weight loss, low BMI, and low oral intake
certainly increase risk of malnutrition and associated poor outcomes, evidence has accumulated that
features such as computed tomography (CT)-defined low skeletal muscle mass and fat infiltration
to the muscle cells are also strongly associated with negative clinical outcomes such as increased
risk of post-operative complications [6,15,16], longer post-operative length of stay [17] and reduced
overall survival [10,16,18-21] in oncology patients. In oncology patients, low skeletal muscle mass
associated with poor clinical outcomes is referred to as sarcopenia [22]. Although there are various
methods of assessing skeletal muscle, CT analysis of cross-sectional images at the third lumbar (L3)
vertebrae is considered the gold standard in the oncological setting to precisely quantify skeletal
muscle. Not only are CT images routinely available for the majority of patients, this assessment carries
no additional patient burden and can be completed prior to an in-person assessment [23]. Other
methods of identifying muscle loss do exist, including the full PG-SGA (clinician-completed), which
includes a nutrition-focused physical exam [24]. However, sarcopenia can be masked by overweight
and obesity and therefore go undetected on physical exams or nutrition risk screening [25,26]. Similarly,
sarcopenia-specific screening tools such as SARC-F can be used to identify patients who have functional
changes as a result of low muscle mass [27], but does not quantify the muscle. Both tools require
additional patient time, contact and clinic space, and neither tool allows for accurate visualization of
the muscle.

With the prolific use of CT body composition analysis in oncology research, low muscle radiodensity
(known as myosteatosis) has emerged alongside sarcopenia as an additional prognostic factor. Skeletal
muscle radiodensity (SMR, reported in Hounsfield Units, HU) inversely reflects the triglyceride content
of skeletal muscle. Low SMR is often referred to as myosteatosis; thresholds for which have been
defined according to associations with overall survival after chemotherapy [11] as well as length of
stay and hospital readmissions after colorectal cancer surgery [17]. Myosteatosis, as a characteristic of
muscle, cannot be identified by any method other than CT analysis.

Since nutrition screening is already part of the pre-operative ERAS pathway, and in light of the
known impacts of malnutrition, sarcopenia and myosteatosis on surgical and oncological outcomes,
it is relevant to explore the prevalence of sarcopenia and myosteatosis across different levels of
nutrition screening results. For advanced cancer patients, prior work confirms that sarcopenia and
myosteatosis are prevalent across all levels of nutrition risk (low to high) using a variety of nutrition
screening tools [11,28]. In early stage cancer patients, the prevalence of sarcopenia and myosteatosis
has been described but not been analyzed in tandem with nutrition screening results [17]. Identifying
whether high nutrition screening scores consistently co-exist with sarcopenia and myosteatosis in early
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stage disease will inform the development of care pathways to ensure that all relevant risk factors
are identified early. In the present study, we aimed to describe the prevalence of sarcopenia and
myosteatosis according to level of nutrition risk as defined by the PG-SGAgr in patients with CRC
presenting for elective surgical resection. We hypothesized that there would be a high prevalence of
sarcopenia and myosteatosis across all of the nutrition risk triage categories of the PG-SGAgg.

2. Materials and Methods

Data were prospectively collected from consecutive patients >18 years old presenting for
pre-operative assessment prior to elective surgical resection of a primary CRC. Data collection
occurred at two acute care centres in Edmonton, Alberta between 2016 and 2017; both centres had
implemented the Enhanced Recovery After Surgery (ERAS) protocol for colorectal surgery. Patients
completed a PG-SGAgr at their first pre-operative visit and the forms were scored by a trained
researcher. Patient demographics, cancer stage and cancer site were obtained from the Alberta Cancer
Registry. Surgical data (e.g., surgery date and procedure) were obtained from the ERAS Interactive
Audit System (EIAS), which has been previously described [5]. Finally, CT images were obtained
from the regional Picture Archiving Communication System. Patients were eligible for inclusion if
they had completed a pre-operative PG-SGAgf, had a confirmed diagnosis and cancer stage, had an
analyzable CT image within 6 months prior to surgery, and had complete surgical data available in
EIAS. Ethical approval was granted from the local health research ethics board (protocol identifier:
HREBA.CC-16-0308).

The PG-SGAgF consists of scored patient-reported components including weight change, changes
in food intake, symptoms impacting the ability to eat, and performance status; these scores are summed
for a total possible score out of 37 (a higher score represents greater nutrition risk). A nutrition triage
recommendation is assigned based on the total PG-SGAgr score as follows: no intervention required
(scores 0-1), education or pharmaceutical intervention (scores 2-3), registered dietitian intervention
(scores 4-8), or critical nutrient intervention and improved symptom management (scores > 9). For the
purposes of this analysis, patients were divided by triage recommendation into two groups—scores
0-3 and scores > 4, with the latter group considered to be at risk for malnutrition.

Body composition was analyzed using CT image analysis, previously validated for use in the
cancer population [23]. CT body composition analysis makes opportunistic use of existing CT
images, taken in this case as part of the normal staging process for patients with colorectal tumors.
Cross-sectional skeletal muscle and adipose tissue areas from a single axial image at the third lumbar
vertebrae (L3) are highly correlated with total body skeletal muscle and adipose tissue [29]. L3
images were analyzed using an auto-segmentation module (ABACS module, Voroni Health Analytics;
Slice-O-Matic©, Tomovision, Montreal, QC, Canada) and manually corrected by a trained technician.
Muscle and adipose tissue cross-sectional areas were delineated in cm? using pre-defined thresholds;
—29 to +150 HU for skeletal muscle, =150 to —50 HU for visceral adipose tissue, and =190 to —30 HU
for subcutaneous adipose tissue. The resultant cross-sectional areas were normalized for height and
reported as skeletal muscle index (SMI), visceral adipose tissue index (VATI), and subcutaneous adipose
tissue index (SATI) in cm?/m?2. The mean SMR for the entire muscle area at L3 was recorded.

Sarcopenia and myosteatosis were defined using previously identified sex- and age-specific SMI
and SMR thresholds, which were developed by Martin et al. based on associations with post-operative
length of stay in a large cohort of CRC patients undergoing surgery [17]. The cohort of the present
study was similar to the cohort of Martin et al., and therefore these thresholds were deemed highly
appropriate. The primary outcome of the present study was to determine the prevalence of sarcopenia
and myosteatosis across nutrition risk screening categories in pre-operative colorectal cancer patients
and therefore was intended as a descriptive study; it was not powered to evaluate the association
between these muscle features and surgical outcomes.

Statistical analysis was performed using IBM SPSS Statistics for Windows, version 24 (SPSS,
Chicago, IL, USA). Frequency and summary data are presented, with comparisons between groups
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analyzed using chi square tests with Bonferroni corrections or independent t-tests where appropriate.
A p-value of <0.05 was considered statistically significant.

3. Results

3.1. Patient Characteristics

Completed PG-SGAgF, analyzable CT and EIAS data were obtained for 176 patients (Table 1).
The sample contained similar proportions of males and females, with a mean age of 63.8 + 12.0 years.
Similar proportions of colon and rectal tumor sites were included, and 90% of patients had stage I-III
disease. While data collection aimed to include patients presenting for curative intent surgery, a small
proportion were subsequently found to have stage IV disease. Mean BMI was 28.4 + 6.3 kg/m?, with no
significant difference between males and females. Overweight (BMI of 25-29.9 kg/m?) and obesity
(BMI > 30 kg/m?) were prevalent, with 42% and 30% of the cohort in these categories, respectively.

Table 1. Characteristics of pre-operative colorectal cancer patients.

Demographics Male Female All (N =176)
Age (years), mean (+SD) 63.6 (10.7) 63.9 (13.3) 63.8 (12.0)
Sex, N (%) 92 (52.3) 84 (47.7)
Tumor site, N (%)
colon 45 (48.9) 47 (45.0) 92 (52.3)
rectum 47 (51.1) 37 (44.0) 84 (47.7)
Cancer stage, N (%)
Stage I-II 51 (55.4) 46 (54.7) 97 (55.1)
Stage IIT 32 (34.8) 30 (35.7) 62 (35.2)
Stage IV 5(5.4) 5(6.0) 10 (5.7)
Anthropometrics
Weight, kg, mean (+SD) 90.7 (18.2) 69.9 (17.2) 80.7 (20.5)
Height, cm, mean (+SD) 176.5 (7.0) 159.0 (8.6) 168.3 (11.7)
BMI, kg/m?, mean (+SD) 29.0 (5.0) 27.8 (7.5) 28.4 (6.3)
BMI category, kg/m?, N (%)
<20 2(2.2) 9(11.1) 11 (6.5)
20-24.9 15 (16.9) 21 (25.9) 36 (21.2)
25-29.9 41 (46.1) 31(38.3) 72 (42.4)
30-34.9 19 (21.3) 10 (12.3) 29 (17.1)
35-39.9 10 (11.2) 4(4.9) 14 (8.2)
>40 2(2.2) 6(7.4) 8(4.7)
Body composition by CT analysis
Mean skeletal muscle index (SMI), cm?/m? 53.3 (9.8) 40.9 (7.7) 47.4 (10.8)
Mean skeletal muscle radiodensity (SMR), HU 35.5(9.1) 35.7 (9.3) 35.6(9.2)
Subcutaneous adipose tissue index (SATI, cm?/m?), mean  67.1(29.0)  103.6 (58.0) 84.1 (48.4)
Visceral adipose tissue index (VATI, cm?/m?), mean 79.7 (38.1) 46.9 (36.9) 64.3 (40.9)
Sarcopenia, myosteatosis or both, N (%) 45 (49.5) 38 (46.3) 83 (48.0)
Sarcopenia alone, N (%) 8(8.8) 16 (19.8) * 24 (14.0)
Myosteatosis alone, N (%) 28(30.8) 19 (23.5) 47 (27.3)
Sarcopenia and Myosteatosis, N (%) 9(9.9)* 2 (2.5) 11 (6.4)
No sarcopenia or myosteatosis, N (%) 46 (50.5) 44 (53.7) 90 (52.0)

Cancer Stage: American Joint Committee on Cancer 7th Edition; * p < 0.05.

3.2. Nutrition Risk Factors by Patient-Generated Subjective Global Assessment Short Form

Results from the PG-SGAgp are presented in Table 2. On average, patients presented with minimal
weight change over the past month (mean —0.4% + 3.4%); however, there was wide variability, ranging
from 30% weight loss to 13% weight gain. The PG-SGAgr scores the severity of weight loss according
to five categories, and our patients with 1 month weight change reported were categorized as follows:
0-1.9% weight loss, 129 (83.2%); 2-2.9% weight loss, 10 (6.5%); 3—4.9% weight loss, 9 (5.8%); 5-9.9%
weight loss, 5 (3.2%); and >10% weight loss, 2 (1.3%).
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Table 2. Nutritional risk factors by PG-SGAgg.

Domain Overall, N =176
Box 1: Weight Change
Weight change past month, mean % (+SD) -0.4 (3.4)
Weight change past 6 months, mean % (+SD) -2.0(5.5)
No change/increased weight in past 2 weeks, N (%) 123 (69.9)
Decreased weight in past 2 weeks, N (%) 53 (30.1)

Box 2: Food Intake
Food intake past month, N (%)

Unchanged/more than usual 149 (84.7)
Less than usual 27 (15.3)
Type of food intake, N (%)

Normal food, normal amount 143 (81.3)
Normal food, less than normal amount 18 (10.2)

Little solid food 3(17)

Only liquids or nutritional supplements 8 (4.5)

Very little of anything 4(2.3)

Only tube feeding/feeding by vein 0(0)
Box 3: Nutrition Impact Symptoms, N (%)

No problems eating 150 (85.2)

No appetite 14 (8.0)

Nausea 7 (4.0)

Constipation 14 (8.0)
Diarrhea 18 (10.2)

Vomiting 3(1.7)

Feel full quickly 6(3.4)

Foods taste funny or have no taste 3(1.7)

Smells bother me 3(1.7)

Mouth sores 0(0)

Problem swallowing 3(1.7)

Fatigue 16 (9.1)

Pain 4(2.3)

Dry mouth 7 (4.0)

Other 4(2.3)

Box 4: Activity and Function, N (%)

Normal, no limitations 115 (65.3)
Not normal self, fairly normal activities 44 (25.0)

Not feeling up to most things, in bed or chair <half day 8(4.5)

Not able to do most things or pretty much bedridden 7 (4.0)

PG-SGAgr, Patient-Generated Subjective Global Assessment Short Form.
Food intake was unchanged for 84.7% of patients, and 85.2% reported no problems eating. The most

frequent nutrition impact symptoms included diarrhea (10.2%), fatigue (9.1%), no appetite (8.0%) and
constipation (8.0%). Finally, the vast majority of patients reported normal or fairly normal activity.
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Overall, the mean total PG-SGAgp score was 2.9 + 4.8 (Table 3), out of a total possible score of 37;
scores ranged from 0 to 26. Patients with scores of 0-1 comprised 59.8% of the cohort, indicating no
intervention required, and 25.2% of patients scored > 4, indicating a need for dietitian assessment or
intervention. Among patients who scored > 4, mean total score was 9.2 + 5.8.

Table 3. Patient-Generated Subjective Global Assessment Short Form scores and triage recommendation.

PG-SGAgg Domain Score 0-3 Score > 4 Overall
Box 1: Weight Change (max. 5; mean =+ SD) 0.27 (0.64) 1.77 (1.38) 0.64 (1.10)
Box 2: Food Intake (max. 5; mean + SD) 0.13 (0.53) 1.68 (1.74) 0.52 (1.19)
Box 3: Nutrition Impact Symptoms (max. 24; mean + SD) 0.08 (0.41) 4.59 (4.30) 1.20 (2.92)
Box 4: Activity and Function (max. 3; mean + SD) 0.22 (0.50) 1.18 (0.95) 0.47 (0.77)
Total Score, mean + SD 0.70 (1.05) 9.23 (5.77) 2.86 (4.79)

Triage Recommendation N, %

0-1 (no intervention, reassess regularly) 104 (59.8)

2-3 (patient/family education; pharmacological intervention as indicated by symptoms) 26 (14.9)
4-8 (intervention by RD and nurse or physician as indicated by symptoms) 26 (14.9)

>9 (critical need for symptom management and nutrition intervention) 18 (10.3)

RD, registered dietitian; max., maximum score possible.

3.3. CT-Defined Skeletal Muscle Analysis

Mean SMI for males and females were 53.3 + 9.8 and 40.9 + 7.7 cm?/m?, respectively, with a
mean of 47.4 + 10.8 cm?/m? overall. SMR for males and females was 35.5 + 9.1 and 35.7 + 9.3 HU,
respectively, with an overall mean of 35.6 + 9.2 HU. The distributions of these features were consistent
with the analysis of a large cohort (N = 2100), similar CRC cohort described by Martin et al., shown in
Figure 1a and b. Based on the thresholds developed by Martin et al. [17] (Figure 1c), sarcopenia alone
was identified in 14.0%, myosteatosis alone in 27.3%, and the combination of both in an additional
6.4% (Table 1) in our cohort. More females than males presented with sarcopenia alone (19.8% vs.
8.8%, p < 0.05), and more males than females presented with combined sarcopenia and myosteatosis
(9.9% vs. 2.5%; p < 0.05). However, there was no difference between sexes in the overall prevalence of
sarcopenia and/or myosteatosis (49.5% of males vs. 46.3% of females).

3.4. Co-Existence of Nutrition Risk by PG-SGAgr and CT-Defined Sarcopenia and Myosteatosis

The prevalence of sarcopenia and myosteatosis according to PG-SGAgr triage category was
evaluated. Sarcopenia and/or myosteatosis were prevalent both above and below a PG-SGAgp cutoff
score of >4. Of the patients with scores < 4 (75.9% of the cohort), 43.4% had CT-defined sarcopenia
and/or myosteatosis, compared to 58.5% of those with screening scores > 4, with no significant
difference between groups, as shown in Table 4. Of the entire cohort, only 14.1% had co-existing
PG-SGAGgk score > 4 and sarcopenia or myosteatosis. One-third (32.9%) had sarcopenia or myosteatosis
with PG-SGAgr score < 4 (Figure 2), and therefore were identified by nutrition screening as having low
risk of malnutrition but were found to have sarcopenia or myosteatosis using CT analysis.

Table 4. Prevalence of sarcopenia and myosteatosis by PG-SGAgE score.

Characteristic PG-SGAgF Score 0-3 PG-SGAGgF Score > 4
Sarcopenia alone, N (%) 15 (11.6) 7(17.1)
Myosteatosis alone, N (%) 30 (23.3) 17 (41.5)
Sarcopenia and myosteatosis, N (%) 11 (8.5) 0
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(a) Skeletal Muscle Radiodensity (SMR, HU) (b) Skeletal Muscle Index (SMI, cm?/m?)
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(c) Sex- and age-specific thresholds used to define sarcopenia and myosteatosis by Martin et al. [17]

<50 years 50-59 years 60-69 years 70-79 years 280 years
Sarcopenia Male <50.6 <49.3 <46.8 <43.4 <387
(SMI, cm?/m?) Female <39.6 <37.6 <37.1 <35.2 <335
Myosteatosis Male <420 <37.6 <329 <29.7 <28.1
(SMR, HU) Female <39.6 <36.0 <31.4 <27.8 <24.8

Figure 1. (a) and (b). Similar distributions of (a) skeletal muscle radiodensity and (b) skeletal muscle
index from two pre-operative colorectal cancer cohorts: the present cohort (N = 176) and Martin et al.
(N =2100) [17]. (c). Martin et al. thresholds for sarcopenia and myosteatosis using skeletal muscle
index (SMI) and skeletal muscle radiodensity (SMR), respectively, developed based on associations
with longer post-operative length of stay in early-stage colorectal cancer patients [17].

Sarcopenia or myosteatosis

PG-SGAg score >4 No sarcopenia or myosteatosis
0,
10.0% 14.1% 32.9% ?112::”;;
=17 (n=24) (n=56)
\
S

\

PG-SGAg; score 0-3

Figure 2. Proportional Venn diagram illustrating the co-existence of PG-SGAgf score > 4 and sarcopenia

or myosteatosis pre-operatively. Sarcopenia or myosteatosis co-existed with a PG-SGAgF score of 0-3
in 32.9% of the total cohort.

4. Discussion
4.1. Early Nutrition Risk Exists

In this pre-operative, CRC cohort treated with curative intent, one-quarter of patients presented
with PG-SGAgE scores > 4 early in their treatment journey. This cohort represents a demographic
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that is not well-characterized in the literature with respect to nutrition screening than patients with
unresectable or metastatic disease, for whom the prevalence of nutrition risk ranges from 36 to 64%
(i.e., PG-SGAgE score > 4 or SGA B/C) [6,11,13,30]. The lower prevalence of PG-SGAgr score > 4 in our
cohort compared to cohorts with advanced disease may reflect a smaller window of time for weight loss
and functional decline to occur from disease onset to assessment, and that nutrition impact symptoms
are less common prior to chemotherapy treatment. However, it is likely that early malnutrition will
progress over the course of treatment due to the stress of surgery and nutrition impact symptoms
caused by adjuvant chemotherapy [31]. For these patients, the pre- and peri-operative periods are
essential times to intervene and attempt to halt the progression of malnutrition [32].

4.2. Sarcopenia and Myosteatosis Are Prevalent in Pre-Operative CRC Patients

Sarcopenia and myosteatosis were prevalent across PG-SGAgp triage categories and regardless
of sex, with 48% of the cohort having at least one of these muscle features. While sarcopenia
and myosteatosis do not necessarily occur together, both are independently associated with poor
outcomes [17]. In the short term, pre-operative sarcopenia and myosteatosis carry increased risks
of post-operative complications [6,15], longer length of stay and hospital readmission [17]. Patients
with sarcopenia at diagnosis who continue to lose muscle over the next two years have significantly
worse overall survival than those with stable or increased muscle mass [33]. Our prevalence data
suggest that sarcopenia and myosteatosis are less common early in the disease trajectory compared
to advanced stage but are still widespread. For example, Ni Bhuachalla et al. analyzed 725 CRC
patients, 45% with stage IV disease, and found 41% to have sarcopenia and 46% to have myosteatosis,
compared to our results of 20 % and 34%, respectively [28]. Yet, most patients with stage II-III
CRC require adjuvant chemotherapy after surgery or future chemotherapy upon recurrence, where
sarcopenia and myosteatosis are known to be associated with increased treatment toxicity, poor quality
of life and decline in functional status [18,19]. Although nutrition elements exist within the ERAS
pathway, nutrition screening alone without body composition analysis remains the primary method
of identifying patients requiring nutrition intervention [3]. Early identification of sarcopenia and
myosteatosis could enable prompt intervention, prevent progressive muscle degradation, and further
optimize outcomes.

4.3. Nutrition Risk and Skeletal Muscle Aberrations Are Distinct Risk Factors

This co-analysis of CT-defined sarcopenia and myosteatosis alongside PG-SGAgp nutrition
screening corroborates the work of others showing that low nutrition screening scores do not preclude
risk for poor outcomes conferred by sarcopenia and myosteatosis [11,12,28]. Despite three-quarters of
our cohort having low PG-SGAgr screening scores (0-3), nearly half of these had pre-existing sarcopenia
and/or, myosteatosis. CT analysis, therefore, identified one-third (32.9%) of the total cohort as having
sarcopenia and/or myosteatosis early in the treatment journey, in the absence of traditional nutrition
risk factors. In light of this, we suggest that patients with muscle aberration are a distinct population,
requiring unique screening tools. In early stage disease, sarcopenia and myosteatosis may not be
related to reduced oral intake, which the PG-SGAgr would identify, but rather may be pre-existing
and related to low baseline activity levels, poor diet quality, or comorbid conditions such as COPD or
diabetes, as described by Xiao et al [34]. This recognition does not discount the positive predictive
value of nutrition screening, but rather emphasizes the need for complementary screening in early
stage cancer to identify patients with sarcopenia and myosteatosis. Furthermore, efforts are required
to identify the risk factors predisposing patients to these aberrations, and particularly those which are
amendable to intervention.

4.4. Enhancing Identification of At-Risk Patients

Our results confirm that pre-operative CRC patients commonly have sarcopenia or myosteatosis
in the absence of reductions in food intake and weight, and therefore may not be selected for early
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intervention using traditional nutrition screening tools. The pre-operative consultation is an opportune
time to assess patients not only for weight loss or change in oral intake, but also for existing sarcopenia
and myosteatosis. CT analysis is the most suitable tool in this population, given that 73% of our
cohort was overweight or obese, with a significant number having myosteatosis which is otherwise
not identified by physical or functional assessments. Furthermore, CT analysis avoids increasing the
patient time requirement in the screening process and requires similar or less time from a clinician
than an in-person assessment. The limitations of CT analysis should be acknowledged, including
the requirement for trained personnel, the cost of for-purpose software, and the requirement for CT
images at the L3 vertebrae to be available. These limitations, however, are quickly being addressed.
In the oncology context, CT images are routinely available. Furthermore, free versions of the analysis
software are now widely used, and efforts are ongoing to validate analysis at other locations such as
first lumbar vertebrae and twelfth thoracic vertebrae in populations without abdominal CT scans [35].

Future work in this area should focus on the feasibility of integrating screening for sarcopenia
and myosteatosis with nutrition screening processes, thereby accurately identifying both risk factors.
A clinical flow for surgical oncology that includes PG-SGAgr screening followed by CT analysis of
body composition for patients with low screening scores (Figure 3) would effectively capture patients
with traditional malnutrition risk factors and those with sarcopenia or myosteatosis. Further detailed
assessment after this screening is warranted, and could include dietary assessment or functional
assessments depending on the setting. In non-oncology settings, the use of an alternative screening tool
such as SARC-F to complement nutrition screening may similarly be useful to identify sarcopenia [36],
despite its inability to detect myosteatosis. In either case, the improved identification of these distinct
groups of at-risk patients will set the stage for research into effective interventions, improved clinical
care pathways and multi-modal pre-habilitation programs using exercise, nutrition and psychosocial
support [37-41] which have yet to be formally included in ERAS programs. Through a combination of
enhanced screening and targeted interventions, the pre-operative period can become an opportunity
to enhance outcomes from cancer surgery through survivorship.

. Detailed
Sarcopenia or
X — assessmentand
myosteatosis . .
CT muscle intervention
Score 0-3 — .
analysis
. Education and
No sarcopeniaor | | regular re-
PG-SGA s myosteatosis guar
screening
Detailed
Score >4 — nutritional F— Intervention
Assessment

Figure 3. Proposed clinical flow for surgical oncology patients starting with nutrition screening,
followed by CT muscle analysis for patients with low screening scores, to identify patients with skeletal
muscle aberration in the absence of overt nutrition risk.
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