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1. INTRODUCTION



1.1 Gastrointestinal cancer

Around the whole world the burden of cancer incidence and mortality is rapidly grow-
ing which reflects both aging and growth of the population (1). Regarding mortality in cancer
patients, gastrointestinal cancer (GC) is one of the leading causes (2). Increasing age, genetic
predispositions, family history and unhealthy lifestyle (obesity, smoking, and alcohol addic-
tion) all play a major role in the progressively increasing incidence of GC (3).

In 2020 more than 1.9 million new colorectal cancer (CRC) cases and 935,000 deaths
were estimated to occur, representing about one in 10 cancer cases and deaths. Overall, CRC
ranks third in terms of incidence, but second in terms of mortality. CRC can be considered a
marker of socioeconomic development (4,5). The increase in previously low-risk countries
likely reflects changes in lifestyle factors and diet. Increased intake of animal-source foods,
decreased physical activity and increased prevalence of excess body weight as well as heavy
alcohol consumption and cigarette smoking are proclaimed risk factors for CRC, whereas
calcium supplementation and adequate consumption of whole grains, fiber, and dairy products
appear to decrease the risk (1,6).

CRC in early stage is commonly diagnosed by routine colonoscopy, which is an effec-
tive screening measure and the tool of choice for diagnosis. It is recommended to start regular
screening colonoscopy at the age of 50 years, and as long as the previous examination was
normal, the following should be done ten years later (7). Suspected CRC recognition and re-
ferral for further diagnosis are related to the occurrence of rectal bleeding, abdominal mass,
abdominal pain, change in bowel habits, unexplained weight loss, loss of appetite and iron-
deficiency anemia (8). On presentation approximately 80% of tumors are localized and 20%
of individuals who are diagnosed with CRC have metastatic disease (8). Treatment as surgical
resection, (neoadjuvant/adjuvant/palliative) chemotherapy and chemoradiation is adjusted to
stage of disease. Computer tomography (CT) imaging of chest, abdomen and pelvis with con-
trast is needed for staging CRC patients and this has to be done prior to any treatment (8).

In pancreatic cancer (PC) incidence almost equals mortality due to the late onset of
symptoms and because of its poor prognosis. With 4.7% it is the seventh leading cause of
cancer deaths in both males and females (1). Given that PC is burdened with an aggressive
tumor biology, no given cardinal symptoms, and no screening test for early detection, most of
the patients are diagnosed in a metastasized stage with a poor prognosis, which explains the

low 5-year survival rate of just 8% and a median survival of only 5 months (9,10).



Approximately 20% of patients present with disease that is limited to the pancreas and
potentially resectable, while around 50% present with metastatic disease and the remaining
30% present with disease that interfaces with major vascular structures, making it either bor-
derline resectable or locally advanced (10-12). Increasing age, smoking, obesity, heavy alco-
hol use, diabetes, family history, BRCA1 and BRCA2 gene carrier status and chronic pan-
creatitis have been identified to increase the risk of developing PC up to 10% (10,13,14). The
stage of the disease, the performance status and the treatment goals of the patients and their
families are the mainstay of the treatment, which consists of surgery, chemotherapy, radio-

therapy and ablative therapies (10).

1.2 Prevalence of Cancer-associated Malnutrition

Cancer patients form a heterogeneous group, which is reflected in the prevalence of
malnutrition. It is very significant, and has a wide range from 20-80%, depending on the loca-
tion of the tumor, the patient’s age and the stage of the disease (15). Previous studies have
revealed that among the patients who had some degree of malnutrition 5% to 25% die directly
from malnutrition, and not by the tumor itself (16,17).

Among cancer types, patients with GC are at an overall higher risk of developing nutri-
tional deficiencies, due to their tumor entity. The risk can be as high as 80% for the patients at
GC diagnosis. A decreased oral intake in esophageal and gastric cancers, disrupted metabo-
lism seen in pancreatic cancer, and involvement of the gastrointestinal (GI) tract leading to
increased Gl-losses in CRC are proposed mechanisms for the high rate of malnutrition which
can be seen in GI-malignancies (3,18).

In several different studies it has been shown that PC is almost always one of the lead-
ing types of cancer regarding malnutrition (presenting with or develop it during the course of
disease) ranging from 50% to 80%. Whereas the prevalence of malnutrition for CRC ranges
from 7% to 30% (15,19-23). Patients and their physicians have to deal with the problem of
malnutrition from the beginning of the disease through the whole course and it is important to
consider malnutrition rather a developing than a steady state, and treatment always has to be

adjusted to patient’s needs (24).



1.3 Causes of Cancer-associated Malnutrition

For developing nutritional support programs for patients with cancer-associated malnu-
trition it is essential to understand the different factors causing it. Those are very complicated,
because there are not just the factors related to tumor itself contributing to the malnutrition
development but also factors regarding the anticancer therapy (24). An upregulation of the
host’s innate immunity by the tumor may lead to an activation of systemic inflammation (25).
In Figure 1. the different responses to this activation are illustrated (26). Not just loss of appe-
tite, less food intake and loss of weight, but also pain, fatigue and depression are possible de-

veloping consequences (25,26).

Anorexia

Weight loss and
poor function

NK cells

Upregulated innate
immune response

Systemic
inflammation

Neutrophils

Fatigue and pain

Macrophages
Depression

Figure 1. Association of immunologic, metabolic, and clinical phenomena in cancer
SOURCE: Arends J, Baracos V, Bertz H, Bozzetti F, Calder PC, Deutz NEP, et al. ESPEN expert group recommendations
for action against cancer-related malnutrition. Clin Nutr. 2017;36:1187-96.

Metabolic changes due to the tumor which cause malnutrition can be seen in Figure 2.
(26). The cancer patients’ nutrition metabolism can experience great changes, in comparison
to healthy individuals, mainly driven by cytokines and other metabolic mediators, leading to
significant weight loss (24). Secretion of various cytokines and hormones in the host is stimu-
lated by the tumor and this leads to changes in host’s appetite and interferes with the absorp-
tion and metabolism of nutrients (24). There is an anabolic/catabolic imbalance, meaning re-
duced protein synthesis and increased proteolysis in skeletal muscle, which is also a conse-
quence of the factors released by the tumor and leads to muscle wasting, reduce in muscle
mass and strength, increasing fatigue, a negative nitrogen balance in the body and hypopro-

teinemia (24,26).



Circulating cytokines can also alter production of acute phase proteins by the liver,
which can suppress drug clearance pathways and lead to risk for toxicity of anticancer agents
(27). As cytokines stimulate lipolysis peripheral fat is increasingly mobilized and energy
stores in fat deposits are depleted, which leads to defective lipogenesis, a maladaptive and
wasteful response to low food intake (26). The abnormal metabolism of tumor cells is primar-
ily manifested with enhanced glycolysis, dramatically increased glucose uptake and glucose
consumption in order to maintain their energy homeostasis. Even in the presence of oxygen
and fully functioning mitochondria glucose is converted to lactate. The glycolytic switch,
which can be found in 70-80% of human cancers leading to aerobic glycolysis, is known as
‘Warburg effect’ (24,28). In a study by Vaupel et al. it was stated that this is “a crucial com-
ponent of the malignant phenotype and a central feature of the ‘selfish’ metabolic reprogram-

%¢¢

ming of cancer cells, which is considered a ‘hallmark of cancer’* (28). This glycolytic pheno-
type occurs early in oncogenesis, i.e. before tissue hypoxia develops. The accumulation of
lactate leads to a stimulation of sustained proliferation and to suppression of the anti-tumor
immunity (28). Even if less ATP is generated, there is more provided per unit of time as long
as the tumor gets enough glucose (29). Whereas hosts experience a poor glucose tolerance as

a consequence of an often possessed insulin resistance (24).
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Figure 2. Pathophysiology and metabolism in the presence of a tumor
SOURCE: Arends J, Baracos V, Bertz H, Bozzetti F, Calder PC, Deutz NEP, et al. ESPEN expert group recommendations
for action against cancer-related malnutrition. Clin Nutr. 2017;36:1187-96.

Changed metabolism due to released factors is not the only effect of the tumor. Also,
the growth can lead to nutritional disturbances. Patients are unable to consume sufficient nu-

trients and develop eating disorders and loss of weight because of the physical obstruction of

the Gl-tract (24).



However, not just the tumor itself but also antitumor treatment, including surgery,
chemotherapy, or radiotherapy may cause loss of appetite, nausea, vomiting, constipation,
taste changes and dysphagia, resulting in an inadequate nutritional intake. These side effects
can lead to a decrease in the intake and absorption of nutrients, and further result in malnutri-
tion (Figure 3.) (3,24,30). Psychological factors, including depression and anxiety, can se-
verely affect appetite and eating habits as well and can contribute to a decreased food intake

and weight loss (24).

Gastrointestinal

surgical resection Chemotherapy Radiotherapy
Dehydration Nausea/Vomiting Oral mucositis
Electrolyte disorders Reduced appetite Xerostomia
Dyspepsia — Anorexia Taste changes
Malabsorption Diarrhea/Constipation
Pain, fatigue Depression
Weight loss

Lean body mass loss

Figure 3. Consequences of anticancer-treatment
SOURCE: Garla P, Waitzberg DL, Tesser A. Nutritional therapy in gastrointestinal cancers. Gastroenterol Clin North Am.
2018;47:231-42.

Loss of appetite is one of the main causes of malnutrition in cancer patients and for
those patients whose weight loss is predominantly due to anorexia, artificial nutritional sup-
port can be very successful (31,32). Unfortunately, this is not the situation in most cancer pa-
tients. The majority of weight-losing cancer patients probably have a mixture of anorexia and
abnormal metabolism (31). This pattern of weight loss is different compared to simple starva-
tion seen in otherwise healthy patients, in which loss of body fat with sparing of skeletal mus-
cle occurs (33). This situation is more challenging to treat and it is clear that nutrition alone is
not the way to treat the malnutrition in these patients (31).

One point which also should not be missed, except from tumor and treatment related
factors contributing to the emergence of malnutrition, are the issues regarding healthcare per-
sonnel (absence of nutritional assessment, lack of knowledge and/or training to detect malnu-
trition, delay in initiating adequate nutritional treatment, etc.) (15). Figure 4. summarizes the
factors contributing to the development of cancer-associated malnutrition (24). For the pur-
pose of this study, the terms ‘cancer-associated malnutrition’ and ‘cachexia’ are not differen-

tiated and are taken to designate the same pathophysiological condition.
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Figure 4. Factors contributing to the development of cancer-associated malnutrition
SOURCE: Wang Y, Zhang T, Liu R, Chang M, Wei W, Jin Q, et al. New perspective toward nutritional support for
malnourished cancer patients: Role of lipids. Compr Rev Food Sci Food Saf. 2021;20:1381-421.

1.4 Consequences of Cancer-associated Malnutrition

The nutritional status of patients can influence the oncological process, and studies
have reported an association between malnutrition and several different outcome measures.
For cancer patients, who need surgery, severe malnutrition is a predisposing factor to in-
creased complication rates and delayed functional recovery and also increased postoperative
complications (22,34). The wounds of malnourished medical and surgical patients heal poorly
and length of hospital stay is prolonged, which causes higher associated costs (35). Addition-
ally, greater toxicity of treatments (36), poorer response to antineoplastic therapy and greater
risk of morbidity and mortality are severe consequences of malnutrition (22). Other studies
also mentioned an increase in risk of infection, due to the weakened immune system and a
reduction in muscle strength, leading to loss of independence and reduced social functioning.

Mood changes and the overall poorer general health have a negative impact on the patient’s

quality of life (QoL) (37).



1.5 Evaluation of Cancer-associated Malnutrition

In a study by Correia ef al. it was stated that according to European Society for Paren-
teral and Enteral Nutrition (ESPEN) guidelines “the purpose of nutritional screening is to pre-
dict the probability of a better or worse outcome due to nutritional factors, and whether nutri-
tional treatment is likely to influence this* (38).

Whereas in the study by Mueller et al. according to the American Society for Parenteral
and Enteral Nutrition (ASPEN) screening is referred to as “a process to identify an individual
who is malnourished or who is at risk for malnutrition to determine if a detailed nutrition as-
sessment is indicated* (39).

There is a worldwide consensus that nutrition support should be used if there is a state
of malnutrition or evidence of some nutritional risk. But it should not be used routinely as an
adjunct to chemotherapy or irradiation. As a consequence it is extremely important that on-
cologists are familiar with some methods of nutritional screening (40). Regular screenings for
malnutrition are recommended in all oncology patients both at diagnosis and subsequently at
regular intervals during the treatment, especially in cancer types with a high impact on nutri-
tional status (21). The nutritional aim in patients with cancer is often about maintaining or
improving nutritional status, function and survival. However, in patients with incurable can-
cer, the aim is changed and it is more about focusing on improving QoL and minimizing

symptoms such as nausea and vomiting which may impair their nutritional intake (41).

1.5.1 Screening

Nutritional screening should not be too difficult, has to follow specific standards, has
to be validated, efficient, inexpensive, with high sensitivity and good specificity (42). Screen-
ing tools are of great help when used in everyday practice for the detection of patients at risk
or patients with manifest malnutrition. It helps to identify risk factors other than provide a
diagnosis, which would be the function of the assessment. There should be standardized ap-
proaches in every setting and an algorithm according to the results (what to do in which situa-
tion e.g. assessment, nutritional intervention). Different screening tools were developed and
are used in various clinical settings and patient groups (43). According to van Bokhorst-de
van der Schueren et al., there are more than 33 of such tools (44). It is beyond the scope of
this study to cover these tools exhaustively, but a selection of clinically relevant and validated

tools is presented.



The Nutritional Risk Screening (NRS) is a simple nutritional screening tool which com-
prises a pre- and a main-screening, which takes into account disturbances regarding nutrition-
al status (loss of weight, decreased food intake, decreased body mass index (BMI)) and sever-
ity of disease. If the score is <3 no deeper nutritional assessment is needed at the moment and
patients should be rescreened. A score >3 is considered worth requiring a further deeper nutri-
tional assessment for a potential nutritional intervention. The patient is at risk to be malnour-
ished and as a consequence a multidisciplinary team has to plan the next steps (43). NRS is a
validated method and if it is used by a dietitian or other nutritional specialists, results have a
great reliability (45).

Malnutrition Universal Screening Tool (MUST) was developed to identify malnour-
ished persons in all different care settings and it takes into account the actual BMI, acute ill-
ness together with decreased food intake and weight loss, which was not intended (43). The
Mini Nutritional Assessment (MNA) is the screening method which is most often used in old-
er patients who are living in different kinds of institutions. It is a combination of screening
and assessment features. Screening is done with the short-form of the test and for the assess-

ment the full version has to be conducted (43).

1.5.2 Assessment

The next step in the evaluation of the patient’s nutritional status would be the nutri-
tional assessment, which should be done when the screening method indicates a nutritional
risk. The information a physician or dietitian collect during an assessment are more detailed
compared to screening information. Together with an adjusted (to nutritional problems) phys-
ical examination the extent of the patient’s nutritional complaints are determined (46).

There is no gold standard for the nutritional assessment and sometimes this makes it
complicated to identify the patients in need. To interpret gathered patient-information it is
important that physicians and/or dietitians are experienced and trained (43). It is not just look-
ing at single measured parameters but more the combination of those and putting them to-
gether with the patient’s history, the appearance and also subjective sensations to get an over-
all picture of the nutritional problem (47).

There are clinical parameters which have been identified to increase the risk of malnu-
trition, such as the tumor’s location and also the applied treatment. Increased risk is experi-

enced by patients with GC or when different treatments are used simultaneously (47).



1.5.2.1 Anthropometric Measures

Body weight and height can be measured quite easily and BMI can be calculated by
dividing body weight by height squared (43). To make results reliable it is important to find a
way of standardization (time, amount of clothes etc.). The course of body weight is essential
during assessment to evaluate possible changes (e.g. unintentional losses), which can be an
indicator for the nutritional status (43). If patients are losing >5% in six months, anything has
to be done to counteract this situation (48).

There are different ways to gather information about the body composition (43). Skin-
fold measurements are easy to perform, cheap and non-invasive methods. Overall, four skin-
folds need to be measured to estimate the total amount of body fat (43).

Another method of estimating body composition would be bioelectrical impedance
analysis (BIA), which is simple to perform, cheap and non-invasive. Proportions of fat, mus-
cle, and water can be measured, and as it is portable, bedside measurements are easy to per-
form (43). For a detailed assessment of the hydration status and cell mass bioelectrical imped-
ance vector analysis (BIVA) sometimes may be more suitable (25). The determination of
phase angle seems to be a predictive outcome parameter in cancer patients (49).

Lean mass determination can also be performed by dual-energy X-ray absorptiometry
(DXA), a low-dose radiation technique that allows the direct measurement of the various
body compartments and at the moment it is considered the gold standard among all the avail-
able methods (50). Magnetic resonance imaging (MRI) and CT are able to quantify the fat
mass and fat-free mass. That means fat distribution and hence estimation of skeletal muscle
mass (SMM) is enabled (43). Both methods are most commonly used for research projects
because MRI and CT are not easily available, expensive, and time consuming (51). To get an
accurate estimation of SMM, imaging of the third lumbar vertebra is the method of choice

(25).

1.5.2.2 Biochemical Measures

There is not one specific biochemical marker which can be used for assessment of the
nutritional state of a patient or even for monitoring the therapy of a nutritional condition.
However, in clinical practice when taking blood there are several different parameters meas-
ured, which may help to evaluate the patient’s nutritional status (e.g. underlying cause of

malnutrition, therapeutical success) (43,52).

10



Biochemical markers which are classically used to evaluate nutritional status may be
altered due to inflammation. However, it is recommended to measure albumin, pre-albumin,
and transferrin, as mortality predictors. Albumin and pre-albumin should be evaluated in a
global context because of alterations which can be caused by the occurrence of other addi-
tional and common problems in patients with cancer. Liver diseases, infections, anasarca,
renal diseases etc. are some examples. CRP can be measured as a marker of systemic inflam-
mation (42,47). A decrease in albumin concentration is related to long periods of malnutrition,
because albumin has a half-life of 20 days. There is a strong relationship between low albu-

min concentrations and poor outcome in cancer patients (53).

1.5.2.3 Functional Measures

More emphasis regarding nutritional assessment is put on functional measurements,
which indeed influence QoL. If there is a deficiency of energy, muscle strength but also over-
all physical condition of the patient deteriorates (43). Hand dynamometry can be used as a
nutritional marker, due to its proven correlation with the nutritional status (43). Surgical out-
come, the hospitalization time and a decreased physical status can be predicted by hand dy-
namometry (43,54). It is an easy test to perform, the measurement is done very fast and it is a
cheap method but its disadvantage is the dependence on the patient’s will and ability to per-
form it (43). The overall physical condition of the patient can also be assessed by measuring
the distance the patient can walk in a distinct time span (43,55). Muscle function tests display
a high sensitivity in regard to patient’s nutritional state and consequently to nutritional thera-
py (43). Assessment of QoL is getting more and more attention lately in regard to the evalua-
tion of nutritional state. Symptoms as for example pain, physical deficiencies in regard to pa-
tient’s mobility and strength, psychological factors as anxiety or depression and social issues
(isolation) making up the domains of the patient’s perception of wellbeing and all potentially
having an effect on eating. QoL may be used as a follow-up measure for success or failure of
nutritional intervention. There are many questionnaires available, but there is no established
consensus on which optimally should be used (43).

Still there is no gold standard for nutritional evaluation and to achieve an accurate de-
termination of the nutritional status it is not enough to just use one single above mentioned
category. The use of a combination of the described parameters is essential for proper nutri-

tional assessment results (25).
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1.6 Treatment of Cancer-associated Malnutrition

1.6.1 Nutritional Support

Prevention or correction of nutritional deficiencies, improvement of immune system
and maintenance or improvement of the QoL are the primary goals of nutritional therapy. Fur-
thermore, the definite goals are the improvement of the response and tolerance to anticancer-
treatment, prolonging survival, reduction of complications of malnutrition, and decrease of
the length of hospital stay (3). Nutritional support, a patient who is at risk of malnutrition or
who is already malnourished should get, is a step-by-step intervention (56). The form of med-
ical nutrition care depends on the patient's medical history, appetite, type of cancer, stage of
cancer, and his or her response to treatment (48). So the treatment should be adapted to indi-
vidual needs (26) and the goal of nutritional support should be either prevention or treating
malnutrition, in order to allow the successful completion of oncologic treatments, improve
prognosis and preserve functional status and QoL (57,58).

The best way of treating cancer associated malnutrition would be obviously to cure the
cancer, which would normalize the metabolic abnormalities induced by the tumor or the tu-
mor/host interactions. When cure cannot be achieved, the next step would be to increase nutri-
tional intake by dietary counseling and oral nutritional supplements (ONS) or by artificial
nutrition (59). It is recommended to increase oral intake in cancer patients who are able to eat
but are malnourished or at risk of malnutrition. Dietary advice, the treatment of symptoms and
derangements impairing food intake, as well as offering ONS are included in the first step of
nutritional intervention. Nutritional therapy should preferably be initiated when patients are
not yet severely malnourished (60). Nutritional support can be also via tube feeding (nasogas-
tric tube or direct gastric or jejunal route) or through parenteral nutrition (PN) when oral and
enteral routes are, for any reason, unavailable (40). The decision which way of nutritional
intervention is the best to choose is dependent on the patient’s current overall state. It is influ-
enced by the patient’s diagnosis, onco-specific therapy, different nutritional parameters and

the duration of application of the nutritional intervention (47).
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1.6.1.1 Counseling and Oral Nutritional Supplements

The first goal of nutritional treatment is to preserve nutrition via oral route by mini-
mizing food related discomfort and maximizing food enjoyment which is achieved through
strategies including dietary counseling by a dietitian or other healthcare professionals and the
offering of ONS (41,61,62). The initial step of nutritional therapy according to ESPEN guide-
lines is counseling, which has the purpose to manage food related complaints as for example
appetite loss, nausea, constipation, dysphagia and others. Patients should be encouraged to eat
and drink what is most tolerable for them. It is important to collect information about any
kind of food allergies and intolerances, but also about recent dietary habits and sensational
changes (smell, taste) to find the food which is preferred by the patients (37,63).

Numerous studies have shown the beneficial impacts of ONS on nutritional status and
clinical outcomes (64-66). In addition to these beneficial effects, ONS treatment can lead to
overall medical cost savings (67). For patients with maintained ability to eat, the best way of
treating them would be a combination of ONS, rich in calories and proteins, with usual oral
diet to meet nutritional demands. After ONS were administered to patients at nutritional risk,
it has been shown that their immune system and their nutritional state improved (3,64).

As a fact, the compliance of patients with ONS is directly influenced by the physical
state, smell, taste, and mouthfeel of the product (24). In a study of long-term compliance of
patients, it was observed that 54% of cancer patients had stopped taking ONS due to unfavor-
able taste (68). It also has been shown that formula, if enriched with long-chain omega-3 fatty
acids, eicosapentaenoic and docosahexaenoic acids, is an important nutrient in cancer patients
in need for nutritional treatment (3). If patients are treated with radio-/chemotherapy, enriched
formula is supposed to improve appetite and lean body mass (3,63). ONS are the easiest, most
natural and least invasive method to increase nutrient intake in patients if they are unable to
meet their energy requirements just with normal foods alone, despite dietary counseling (69).
Suggested benefits of ONS include increased appetite and weight gain, decreased GI toxicity

and improved performance status (70).

1.6.1.2 Enteral Nutrition via Tube

Cancer patients who are unable to eat, digest or absorb food, or if their intake is insuf-
ficient even if interventions have been offered, artificial nutrition may stabilize nutritional
status. In patients with tumors that impair oral intake or food transport in the upper gastroin-
testinal (GI) tract, nutritional status can be stabilized by enteral nutrition (EN) either via naso-

gastric tube or percutaneous endoscopic gastrostomy, which is gold standard (71).
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The method to choose is dependent on the expected duration of the feeding and the pa-
tient’s general state (47). If the duration is estimated to be not longer than 6 weeks a nasogas-
tric tube can be considered (62).

The main indications to start with tube feeding are of different nature. Firstly, there are
mechanical and functional problems which are caused by the tumor itself as for example dif-
ficulties in swallowing (pain, obstruction) or obstructions in the stomach. Secondarily, there
are also unfavorable treatment-related effects (62,72). If it is known that a patient won’t live
longer than just few weeks or months and is not able to eat more than two thirds of his/her
daily nutritional requirements, another way of support has to be found and a good strategy is
an early GI access (62).

It is recommended to assume that cancer patients generally request the same amounts
of calories as a healthy individual when no personalized measures have been performed (25—
30 kcal/kg/day) (47). Awareness has to be drawn to the occurring overestimation in obese
people and underestimation in very thin patients if this method is used (47).

The amounts of proteins should be between 1 (minimum) and 1.2—1.5 g/kg/day. Under
specific circumstances the amount should be adjusted according to requirements e.g. because
of protein wasting (increase) or renal failure (decrease) (33,47). In regard to the ideal lipid to
carbohydrate ratio, the individual’s clinical state has to be taken into account. It is recom-
mended to increase the proportion of lipids if there is an insulin resistance, which may lead to

increased weight loss (47,73).

1.6.1.3 Parenteral Nutrition

If ONS and/or EN are not sufficient for supply and there is no possibility of using pa-
tient’s Gl-tract for adequate feeding, PN, a method bypassing the Gl-tract, is indicated (47,74-
76). It is sometimes used in severely compromised patients, who would require EN, but the
nutritional needs can’t be met as a consequence of a not effectively working gut. Examples
are patients with peritoneal carcinomatosis, radiation enteritis, patients with extensive bowel
resections or chemotherapy-/radiation-induced diarrhea, nutrition impact symptoms or more

simply because patients refuse the tube (40,62).
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The most frequent indication fiir PN is given in patients with tumors of the Gl-tract,
i.e., gastric carcinoma, colorectal carcinoma, and pancreatic carcinoma, when patients display
symptoms as nausea or vomiting (77). There are of course contraindications for PN. It is not
recommended in hemodynamically unstable patients, with ascites, severe organ failure, or in
the presence of severe glycemic instability and it is rarely appropriate in incurable cancer pa-
tients with life expectancy shorter than 3 months, Karnowfsky score <50 or Eastern Coopera-
tive Oncology Group (ECOG) performance status >3 (58,78).

Home PN may be a consideration for patients who cannot be fed orally or enterally,
and in situations where they are more likely to die of starvation rather than tumor progression
(58). In incurable/palliative patients, the nutritional support should be performed when the
expected benefit outweighs the potential risk. When the estimated survival is greater than 1-3
months, and in case of intestinal insufficiency, PN can be offered, if the oral/enteral route is
insufficient and there are expectations of improvement in the patient’s QoL and functionality

(63).

1.6.2 Physical Activity

The ESPEN guidelines recommend cancer patients to maintain or even increase the
level of physical activity in order to support muscle mass, physical function, and metabolic
pattern. Even patients with advanced stages of the disease are often able and have the will to

engage in physical activity. It is well-tolerated and safe at different stages of cancer (60).

1.6.3 Pharmacological Interventions

Corticosteroids are suggested to increase the appetite of anorectic cancer patients with
advanced disease for a restricted period but side effects as for example muscle wasting, insu-
lin resistance and infections have to be always kept in mind (60). However, as mentioned
above the anti-anorectic effect of corticosteroids is just transient and disappears after a few
weeks (79). As a consequence of the adverse effects, particularly with longer duration of use,
corticosteroids may be more suitable for patients with a short life expectancy, especially if
they have other symptoms that may be alleviated by this class of drugs such as pain or nausea
(60). Progestins are suggested as well. They increase the appetite of anorectic cancer patients
with advanced disease but as well as corticosteroids they have potentially serious side effects

(e.g. thromboembolism) (80).
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2. OBJECTIVES



2.1 Aims

The aim of this study was to determine and compare the prevalence of malnutrition in
pancreatic and colorectal cancer patients attending the outpatient clinic presenting for diagno-
sis, therapy or follow-up. Additionally, the study investigated the benefit of nutritional inter-

vention in the different cancer groups.

2.2 Hypotheses

1. The prevalence of malnutrition in pancreatic cancer patients is higher than in colorectal
cancer patients.

2. Pancreatic cancer patients and colorectal cancer patients benefit from nutritional interven-

tion.
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3. SUBJECTS AND METHODS



3.1 Study Design

This retrospective study was conducted in the REGIOMED MVZ Coburg — Medical
office for oncology and haemato-oncology. Anonymized medical data were collected by the
ISYNET medical documentation program. For the current study all patients who are aged >18
years, diagnosed with PC or CRC and who received chemotherapy were eligible for inclusion
in the study. The subjects presented different stages of cancer, from early diagnosis to ad-
vanced stage. 108 patients accounted for the whole study group comprising CRC (N = 57) and
PC (N = 51) patients. The study was approved by the institutional review board of the Medi-
cal School REGIOMED according to the Declaration of Helsinki.

3.2 Data Collection

Demographic and clinical characteristics were collected including sex, age, height,
weight, BMI defined as the ratio of weight (kg) to height (m?), tumor entity, tumor stage (de-
fined according to Union Internationale Contre le Cancer (UICC) classification), received
treatment, course of disease and serum levels of albumin. Furthermore, BIA-measurement
results as well as food intake related complaints (altered taste, nausea, vomiting, early satiety,
diarrhea, constipation, GI-obstruction, malabsorption), appetite (poor, moderate, good), NRS

results, food intake and nutritional support (ONS, PN) were documented.

3.3 Nutritional Evaluation
The nutritional consultation consists of a screening (performed by the nutritionist),

which is followed by a complete assessment of nutritional status if the patient is at risk of
malnutrition, before reaching a decision regarding the most appropriate treatment for the pa-
tient’s requirements and characteristics. All PC and CRC patients who visit the medical office
for diagnosis, therapy or follow-up have to fill out a questionnaire consisting of four questions
and it is seen as the modified pre-screening usually incorporated in the NRS:

¢ unintentional weight loss during the past three months

e decreased food intake

e loss of appetite

e food intake related/GI-tract complaints (altered taste, nausea, vomiting, early satiety,

diarrhea, constipation, GI-obstruction, malabsorption)
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If any of these questions were positively answered, the patients were referred to the
dietitian. Patients at nutritional risk were identified using a nutritional screening test (NRS)
(43). The test verifies disturbances regarding nutritional status (loss of weight, decreased food
intake, decreased BMI) and severity of disease/stress metabolism (mild stress metabolism:
patient is mobile e.g. chronic disease with complications, moderate stress metabolism: patient
can’t leave the bed due to illness, severe stress metabolism: severe illness). For each of these
two categories the resulting score can be 0-3. Older age (>70 years) is considered as an inde-
pendent risk factor with one extra point. If the score was <3 the patient should be rescreened 8
weeks later. The 8 weeks in between the two screenings are adjusted to outpatient setting. The
original NRS recommends a weekly rescreening if score is <3 (43). Patients were considered
at nutritional risk or already malnourished when total score was >3 points and if this was the
case, intensive assessment or even a nutritional intervention should have probably followed.

The assessment was done by a dietitian and by oncologists and consisted of measuring
actual body weight and calculating weight loss during last 2 months prior to assessment, cal-
culating actual BMI and perform a BIA measurement. Serum albumin levels were measured
as well and were considered low if the value was below 33g/l1. Patients were asked by the die-
titian and also during their oncologist’s appointment about present Gl-related complaints (side
effect of therapy) and about their character of appetite which could be either described as
poor, moderate or good. All patients with a positive prescreening received nutritional counsel-
ing. If patients were malnourished or oncologists decided that it was indicated, patients got an
intervention (ONS or PN), which was adjusted (amount, composition, route of administration)
to their needs. At the end of the study patients’ appetite, complaints as well as body weight
were reassessed and compared to baseline. These three variables were used to evaluate the

benefit of the intervention.

3.4 Outcome Measures

Malnutrition is defined by involuntary loss of weight >5% in 2 months, BMI <18.5
kg/m? in patients <70 years of age and BMI <22 kg/m? in patients >70 years of age (43), and
reduced muscle mass measured via BIA. BIA measurements were performed, if patients were
at risk of malnutrition or even already malnourished on the grounds of the NRS. If one of

these three variables applied patients were considered malnourished.
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Benefit evaluations were done for all patients who received an intervention, which
meant either getting ONS or PN. Benefit was given if two of three following criteria applied:
there was no reduction in weight of more than 0.5 kilograms compared to the weight pre-
intervention, the appetite has not worsened compared to pre-intervention and there were no
food intake related or GlI-tract complaints. Appetite was classified as poor, moderate or good
and not worsened meant that it was the same as before or got better. Dietitian and oncologists
asked for all variables. The starting point was defined as the first meeting after a positive pre-

screening and the point of time to compare with was the end of the study.

3.5 Statistical Analysis

The statistical analysis was conducted with SPSS version 26 software (SPSS Inc., Chi-
cago, IL, USA). A descriptive analysis was performed using mean and standard deviation
values for the quantitative variables, and the frequency distribution for qualitative variables.
The data collected contain different variables, categorical and metric. In the case of categori-
cal variables, a Chi-square test is applied. In the case of metric variables, t-test is applied. P-

value <0.05 is considered statistically significant.
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4. RESULTS



4.1 Patient Characteristics

Table 1. shows the two type-samples with respect to age, gender and UICC stage. In
total, 108 patients with a mean age of 68+10 years took part in the study. PC patients had a
mean age of 70+9 and CRC patients had a mean age of 67£10. In this study 48% participants
were female and 52% were male. If we look at the PC group there were 57% men and just
43% women compared to 47% males and 53% females in the CRC group. The patients pre-
sented different stages of cancer, from early diagnosis to advanced stage. There is no signifi-
cant difference in regard to the stage of disease between the two groups (P=0.637) but overall,
there were 84% in stage Il and VI which means in more advanced condition. There are also
no significant differences with respect to age (P=0.130) and gender (P=0.324), so the samples

are largely comparable.

Table 1. Patient characteristics

All PC? CRCP
(N=108) (N=151) N=57) N1/N2 F

Age 68+10 70+9 67+10 51/57 0.130°
Gender 51/57 0.324*
Female 48 % 43 % 53 %
Male 52 % 57 % 47 %
UICC® 51/57 0.637*
Stage 1 4 % 6 % 2%
Stage 11 12 % 10 % 14 %
Stage 111 36 % 37 % 35%
Stage IV 48 % 47 % 49 %

Data are presented as percentages or as mean+standard deviation
* Chi-square test

T t-test

Pancreatic cancer group

b Colorectal cancer group

¢ Union Internationale Contre le Cancer
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4.2 Nutritional Evaluation Measurements

Table 2. describes the measurements which were made to evaluate the nutritional sta-
tus. Comparing the frequencies of hypoalbuminemia between the groups, patients with PC
displayed a significant (P=0.002) higher rate of hypoalbuminemia compared to the CRC
group. When looking at BMI at the beginning of the study the patients with PC had a BMI of
24+4 kg/m? and CRC patients a BMI of 28+6 kg/m? (P<0.001) and at the end the BMI for PC
patients was 24+5 kg/m? and that for CRC patients 28+7 kg/m? which makes a significant
difference (P<0.001) between the groups. Comparing weight from beginning of the study and
end of study between the two groups there are significant differences displayed with P=0.002
and P=0.004, respectively. Overall, 45% of all patients experienced weight loss. PC patients
demonstrated a frequency of 71% compared to 23% in the CRC group, which led to a signifi-
cant result with P<0.001. A significant difference of P=0.009 was seen between the groups
regarding the NRS results. Out of the CRC group 14 (47%) patients had a NRS result >3, and
37 (75%) patients out of the PC group.

Table 2. Description of nutritional evaluation measurements

All PC? CRC N1/N2 P
Albumin® 10 % 20 % 2% 50/56  0.002*
BMI1¢ (kg/m?) 26+6 24+4 28+6 51/57  <0.001
BMI2¢ (kg/m?) 26+6 24+5 28+7 49/57  <0.001f
LoW! 45 % 71 % 23 % 51/57  <0.001*
NRS# 65 % 75 % 47 % 49/30  0.009*
Weight1" (kg) 75+19 69+14 80+21 51/57  0.002%
Weight2' (kg) 75420 69+15 80+22 49/57  0.004f

Data are presented as percentages or as mean+standard deviation
* Chi-square test

T t-test

2Pancreatic cancer group

b Colorectal cancer group

¢ Albumin level <33g/1

4 BMI at the first screening

¢ BMI at the end of the study

fLoss of weight 3 months prior to screening
¢ Nutritional risk screening >3

B Weight at first screening

| Weight at end of study
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4.3 Outcome Measures and Intervention

The main outcome measure was malnutrition and is shown in Table 3. In the two in-
vestigated groups there was a significant difference (P=0.029) between frequencies of low
BMI (<18.5 kg/m? <70 years of age / <22 kg/m? >70 years of age). In regard to weight loss
(>5%) there was a significant difference between the two groups (P<0.001) as well. With 43%
of PC patients losing >5% of weight 2 months prior to the first screening and just 14% of
CRC patients. However, comparison of reduced skeletal muscle mass displayed no significant
difference between the groups (P=0.057). Overall, malnutrition of the patients, who were in-
vestigated, was 64%. With 67% in PC patients and 59% in CRC patients so there was no sig-
nificant difference (p=0.593). 94 % of the malnourished patients had an NRS >3.

Table 3. Prevalence of malnutrition

All PC? CRCP N1/N2 P*
Malnutrition 64 % 67 % 59 % 41/21 0.593
BMI¢ 14 % 22 % 7% 51/57 0.029
Low! 27 % 43 % 14 % 49 /57 <0.001
SMM*® 54 % 64 % 35% 33/17 0.057

Data are presented as percentages

Malnutrition is given when one of the three variables was positive
* Chi-square test

Pancreatic cancer group

® Colorectal cancer group

¢ BMI <18.5 kg/m? (<70 years) / BMI <22 kg/m? (>70 years)

4 Loss of weight >5% during last two months prior to screening

¢ Skeletal muscle mass reduced (BIA measurement)
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Table 4. illustrates the distribution of nutritional interventions the groups received.
71% of PC patients receive either ONS and/or PN which is significantly (P<0.001) more

compared to the CRC group (17%). Overall, 43% received an intervention. There are also

significant differences between the groups (P<0.001) when looking at the interventions sepa-

rately.

Table 4. Distribution of intervention

All PC? CRC? N1/N2 P*
Intervention® 43% 71% 17% 51/57 <0.001
ONSs¢ 34% 55% 16% 51/57 <0.001
PN¢ 20% 35% 5% 51/57 <0.001

Data are presented as percentages
* Chi-square test

Pancreatic cancer group

b Colorectal cancer group

¢ ONS and/or PN

4 Oral nutritional supplement

¢ Parenteral nutrition
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The second outcome measure, which was investigated is benefit and is illustrated in
Table 5. Benefit was assessed for all participants who received an intervention (Table 4.).
However, if we look at the overall benefit (P=0.162) and the single variables contributing to it
(appetite, complaints, weight) there is no significant difference between the groups. But there
is a benefit of 37% for the whole group. 43% of the patients with PC experienced a benefit

from the intervention compared to 14% in the CRC group.

Table 5. Distribution of benefit

All PC? CRCP N1/N2 P*
Overall benefit 37 % 43 % 14 % 28 /7 0.162
Benefit appetite 29 % 32% 14 % 28 /7 0.350
Benefit complaints 51% 54 % 43 % 28 /7 0.612
Benefit weight 31 % 37 % 10 % 35/10 0.102

Data are presented as percentages

Overall benefit is given in people with intervention if two out of the three variables apply
* Chi-square test

*Pancreatic cancer group

b Colorectal cancer group
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5. DISCUSSION



In this study the prevalence of malnutrition was investigated, which is a commonly
encountered problem in a majority of cancer patients. In accordance to other studies 64% of
patients were malnourished. Overall, patients with GI cancers are at higher risk of developing
malnutrition due to their tumor entity (18). PC is one of the leading tumor types associated
with malnutrition, and compared to CRC, PC always displays higher frequencies according to
the literature (15,21,81,82). In this study prevalence of malnutrition was about two-thirds in
the PC group accompanied with a low BMI, high loss of weight during last two months and a
relevant SMM reduction (Table 3.).

An interestingly high rate of malnutrition was found among the CRC patients, too,
compared to other studies (81-83). The retrospective character of our study limits the interpre-
tation of these observations. Only 21 CRC patients were finally included in the analysis of
malnutrition in the CRC group. Especially, data for patients with a negative pre-screening,
suggesting no risk of malnutrition, were incomplete. Just 17 patients out of the CRC group
got their body composition measured via BIA. Reduction in SMM was the only variable de-
fining malnutrition, which displayed no significant difference between the two groups (Table
3.). It is speculative, whether more BIA measurements would have revealed more details be-
tween PC and CRC patients. The fact that patients with PC had a significant higher frequency
of NRS >3 (P=0.009), which displays a higher risk for malnutrition, may reinforce this as-
sumption (21). Furthermore, albumin level, which reflects the nutritional status of cancer pa-
tients and has been identified as critical prognostic factor, was observed to be more often de-
creased to a level <33g/1 in PC patients compared to CRC patients (Table 2.) (84).

Otherwise, selection bias could be another reason for the unexpected high prevalence
of malnutrition found in patients with CRC (Table 3.) which is higher compared to recent
results (82). Almost half of CRC patients included in our study suffered from an advanced
stage of the disease, which generally displays a higher prevalence of malnutrition as com-
pared to those in earlier stages (85).

The high prevalence of malnutrition in PC patients (67%) complied with previously
published data (21,81,86) and underlines the aggressiveness of PC accompanied with a high
risk of catabolic metabolism. This may be partially explained by distinct gene expression pro-
files found in PC, which makes patients more vulnerable for developing a wasting syndrome

(87).
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However, frequencies within the studies reveal a wide range of variability, because
malnutrition is influenced by several different factors not just the tumor entity. In addition, the
screening tool adopted to diagnose malnutrition may influence the prevalence rate (88), as
well as the adoption of criteria that include the assessment of body composition to detect low
muscle mass, CT, DXA, or BIA. This makes comparison of the prevalence quite challenging.
There are several different approaches to identify malnutrition and no consensus about the
definition (25).

Overall, almost half of all the patients in this study experienced unintentional weight
loss. It is a recognized marker of malnutrition and is linked to a shorter overall survival, de-
creased response to chemotherapy, lower QoL, and declining performance status with higher
morbidity and mortality rates (43,89). But if it is detected early and properly treated, it may be
reversed and this may lead to better disease outcome (40), which makes it an important varia-
ble to screen for. The patients with PC were losing weight with a frequency of 71% which is
consistent with findings in other studies and is partially caused by the pancreatic exocrine
insufficiency (89,90). Almost half of the patients even lost >5% of their body weight. Some
other studies, however, reported an increased frequency of weight loss in PC patients com-
pared to this study, which may be due to the different time spans which were taken into ac-
count (91). The duration of assessment of general weight loss and weight loss >5% in our
study accounted for two and three months, respectively. Whereas in other studies it was inves-
tigated for up to six months (91).

Significantly less patients in CRC group lost weight in general and also less patients
lost >5% (Table 2.). There is one publication where losing weight in CRC patients is more
pronounced as in our study and almost as high as loss of weight in PC patients. One reason
may be ascribed to the fact that patients in that study were hospitalized cancer patients, which
implies a more acute and sever stage of disease. Also, CRC group in our study was hetero-
genous when looking at the different states of disease (diagnosis, treatment, follow-up). Gilli-
land et al. stated that weight loss greater than 5% is associated with a greater risk of develop-
ing surgical site infections and hospital stay is prolonged as well (90).

A grading system based on BMI and weight loss was proposed by Martin ef al., com-
paring the impact on mortality of lower versus higher initial BMI and found highest risk cate-
gory to be in patients with low initial BMI and high weight loss and the lowest risk was found

in patients with <2.5% of weight loss, and a BMI of 28 kg/m? (92).
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22% of PC patients had a very low BMI and together with the high weight loss it puts
them at a higher risk of mortality. Whereas only 7% of CRC patients had a low BMI, their
mean BMI was 28+6 kg/m? and the amount of lost weight wasn’t as high as in the PC pa-
tients, which is according to Martin et al. the category with lowest risk of mortality (92).

Despite the fact that 45% of patients present with involuntary weight loss at the time
of diagnosis, in the era of obesity, patients may not appear malnourished. PC patients and
CRC patients displayed normal and even high BMI, respectively. Mean BMI in PC was 24+4
kg/m? (normal), mean BMI in CRC 28+6 kg/m? (obese). There was a significant difference
between them (Table 2). Recent studies have reported that between 40-60% of patients with
cancer are overweight or obese (BMI >25 kg/m?) even in the setting of metastatic disease
(74,92-94). Measuring percentage weight loss or simple BMI does not capture abnormal body
composition, including muscle mass (27).

The importance of determining body composition rather than just BMI in cancer pa-
tients is evident especially in the case of fluid overload and edemas but also in sarcopenic
obesity, which is often an underdiagnosed challenge. This problem has to be identified and
after that treated correctly to increase survival rate and to prevent complications of cancer
therapy (25,94,95). Low muscle mass can be found in patients regardless of their BMI-result
(25). Age as a contributing factor to reduction in SMM has to be kept in mind but in our
study, there was no significant difference between age in the two groups (Tablel.) so the dif-
ference in muscle reduction was not attributed to older age.

Recently, Caan ef al. demonstrated the prognostic value of low muscle mass in CRC
and stated that it was independently associated with a higher risk of overall mortality (96).
The frequency of reduced SMM in CRC patients in this study (Table 3.) was higher compared
to the findings in a recently performed systematic review (97). First reason for that could be
the different approaches to measuring SMM. Second reason, as mentioned above, may be the
small number of just 17 patients out of the CRC group who got their body composition meas-
ured via BIA. Third reason could be that patients in the systematic review were measured pre-
treatment, which could also explain lower values.

Studies of patients with cancer of pancreas or the biliary tract receiving a standard
chemotherapy reported a muscle loss in almost 90% of publications (98). In this work 64% of
PC cancer patients have been found to have reduced SMM, which is in line with results of a

recent performed study (99).
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Although no significant difference of reduced SMM was found between the two
groups, tumor entity is known to contribute to the reduction (97), and with P=0.057 it is al-
most significant and according to Bozzetti et al. it appears that patients with cancer of the
pancreas are affected the most with loss of muscle mass during chemotherapy (98).

In a recent systematic review of 24 studies using BIA for the identification of reduced
SMM in cancer, BIA was an accurate method for detecting it and for evaluating associations
with adverse outcomes (100).The primary drawback and barrier to the use of BIA in oncology
is the lack of precision with fluctuations in hydration status and in the presence of edema.
Nevertheless, if used carefully and in a standardized fashion, BIA represents an inexpensive
and simple, noninvasive tool that does not require highly skilled personnel and results are
immediately available. It is a viable alternative to CT, DXA, and MRI in oncology clinical
practice (100).

PC is burdened with an aggressive tumor biology, no given cardinal symptoms, no
screening test for early detection and is diagnosed most often in a metastasized stage (9,10).
Compared to CRC where we have early successful screenings and only 20% presenting in
metastatic state at diagnosis (8). This could probably explain the significant differences in the
two groups. But overall, both types were found to have a high risk of malnutrition and should
be evaluated carefully in regard of nutritional status.

Prevention or correction of nutritional deficiencies, improvement of immune system
and maintenance or improvement of the QoL are the primary goals of nutritional therapy. Fur-
thermore, the definite goals are the improvement of the response and tolerance to anticancer-
treatment, prolonging survival, reduction of complications of malnutrition, and decrease of
the length of hospital stay (3). Nearly every second patient (43%) of our studied population
needed either oral (ONS) or parenteral (PN) nutritional support. A striking and significant
difference between pancreatic and colorectal cancer patients was found. Two thirds (71%)
from PC patients but only less than one fifth (17%) of CRC patients obtained ONS and/or PN

which reflects the different nutritional states.

32



Overall, 37% of patients profited from an intervention irrespective of the tumor entity.
Variables weight, appetite and GI-complaints were used to assess benefit. It is suggested that
benefits of ONS include increased appetite and weight gain, decreased Gl-toxicity and im-
proved performance status and QoL (3,101,102). Also the improvement due to PN in regard
to global QoL, subjective global assessment, and weight was reported (9). In another system-
atic review an overall positive effect of nutritional interventions during chemo(radio)therapy
on body weight was found (30). We could confirm these findings although the lack of con-
sistent assessment tools and different clinical endpoints make comparison difficult and chal-
lenging. Additionally, the lack of controlled allocation and the sample size did not allow more
conclusions on the overall benefit.

12% of patients who were recommended to use ONS, did not take it because of the
unfavorable taste. This problem regarding compliance was already mentioned in another
study (68). This makes the group to investigate again even smaller. Another limitation of this
observational study was the frequency of reexaminations. Merely 49 patients were examined
a second time without a predefined procedure.

The high percentages of malnutrition in both studied groups in the outpatient setting
was especially remarkable and worrisome when considering that patients able to attend an
ambulatory consultation or therapy should represent a favorably selected segment of the can-
cer population. Since a NRS result >3 displays a nutritional risk and calls for further more
deep nutritional assessment, it is noteworthy that this result was observed in 75% of patients
with cancer of the pancreas and also in almost every second CRC patient (Table 2.). Previous
studies have revealed that among the patients who had some degrees of malnutrition 5% to

25% die directly from malnutrition, and not by the tumor itself (16,17).
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Even if oncologists do not always feel comfortable, confident or adequately prepared
to provide nutritional counseling, such a remarkable prevalence of outpatients with high nutri-
tional risk should alert them to face actively with this issue. One good reason to do so are the
deleterious effects of malnutrition on the tolerance of oncologic therapies and response to
treatment (15,60). Also, there is a growing experience that an early nutritional intervention
when tumor burden is still limited is able to achieve a clinical benefit (60). In our study a ben-
efit in more than one third of patients could be achieved (Table. 5). It was reported that when
applying a periodic nutritional assessment, identify patients at risk for malnutrition and start
early with nutritional support, clinical benefit would be the consequence (21).

According to the ESPEN guidelines, apart from BMI and weight loss, the loss of mus-
cle mass is a hallmark of cancer-associated malnutrition and should be addressed (86). In fu-
ture studies there should be a consensus about the definition of malnutrition to make compari-

son easier.
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6. CONCLUSIONS



As we expected the prevalence of malnutrition is higher in patients with pancreatic
cancer compared to patients with colorectal cancer and both groups benefit from intervention.
Due to the high prevalence of malnutrition in certain cancer types, resulting from the physical
and metabolic effects of cancer and from the influence of anticancer treatment, early nutri-
tional risk screening and periodically reassessment is mandatory and should be performed in
order to increase awareness and to facilitate early recognition and treatment to reverse mild
malnutrition. Oncologists should be familiar with screening tools, indications for nutritional
support and the best route of administration. All healthcare workers should be aware of the
consequences caused by malnutrition as well as the importance of early interventions. Nutri-

tional evaluation should be part of every cancer patient’s treatment.
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8. SUMMARY



Objectives: The aim of this study was to determine and compare the prevalence of malnutri-
tion in pancreatic and colorectal cancer patients attending the outpatient clinic presenting for
diagnosis, therapy or follow-up. Additionally, the study investigated the benefit of nutritional
intervention, which includes oral nutritional supplements (ONS) and parenteral nutrition (PN)

in the pancreatic cancer (PC) group and the colorectal cancer (CRC) group.

Subjects and methods: 108 patients accounted for the whole study group comprising CRC
(N =57) and PC (N = 51) patients. All patients were pre-screened and if this was positive the
main screening followed. This was performed by the dietitian with the NRS. Patients with a
score <3 were rescreened 8 weeks later and patients with NRS >3 were assessed by the dieti-
tian and the oncologists for malnutrition (BMI, weight loss, reduced skeletal muscle mass).
43% of the whole study group received an intervention (ONS or PN). 71% received ONS
and/or PN in the PC group compared to just 17% in the CRC. At the end of the study patients’
weight, complaints and appetite were compared to first screening. These three variables were

used to evaluate the benefit of the intervention.

Results: From the overall 108 patients 71% were malnourished. In the PC group 67% were
malnourished compared to 59% in the CRC group. There was no significant difference be-
tween the two groups (P=0.593). However, in regard of low BMI, which was one variable
defining malnutrition, 22% of PC patients presented with a low BMI in comparison to 7% of
CRC patients (P=0.029). Comparing the weight loss (>5%), also one criterion of the defini-
tion, there was a significant difference (P<0.001). 71% patients with PC and 17% of patients
with CRC received an intervention (P<0.001). When looking at the outcome of benefit 43%
of PC patients experienced a benefit after intervention compared to 14% in the CRC patients.
Benefit was seen in both groups but there was no significant difference between them

(P=0.162).

Conclusions: As expected prevalence of malnutrition is higher in patients with pancreatic
cancer compared to patients with colorectal cancer. Both groups benefit from intervention.
Due to the high prevalence of malnutrition in the studied groups, all healthcare workers
should be aware of the consequences caused by malnutrition as well as the importance of ear-

ly interventions. Nutritional evaluation should be part of every cancer patient’s treatment.
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9. CROATIAN SUMMARY



Naslov: Pothranjenost kod pacijenata s rakom debelog crijeva i rakom gusterace: Prevalencija

1 potrebe lijecenja u jednogodiSnjem razdoblju od kolovoza 2020 do kolovoza 2021.

Ciljevi: Cilj ove studije bio je utvrditi 1 usporediti prevalenciju pothranjenosti kod pacijenata
s rakom gusterace i rakom debelog crijeva koji posje¢uju ambulante radi utvrdivanja
dijagnoze, lijeCenja ili kontrole. Dodatno, studija je istrazila koristi od prehrambene
intervencije, Sto ukljucuje oralne dodatke prehrani (ONS) i parenteralnu prehranu (PN) u

skupini s rakom gusterace (PC)i skupini s rakom debelog crijeva (CRC).

Subjekti i metode: Cijela promatrana skupina sastojala se od 108 pacijenata, a sastojala se od
pacijenata s CRC (N=57) i PC (N=51). Svi pacijenti bili su podvrgnuti predprobiru, a ako je
ovaj bio pozitivan onda i1 glavnom probiru. Ovo je obavio nutricionist probirom
prehrambenog rizika (NRS). Pacijenti s rezultatom 3 ponovo u probrani nakon 8 tjedana, a
pacijente s NRS>3 procijenili su nutricionist i onkolog u vezi pothranjenosti (indeks tjelesne
mase (BMI), gubitak teZine, smanjena koStano-misSi¢na masa). 43% cijele promatrane skupine
primilo je neku intervenciju (ONS ili PN). 71% primilo je ONS i/ili PN u skupini PC, prema
svega 17% u skupini CRC. Na kraju studije tezina, prituzbe i apetit pacijenata usporedeni su s

prvim probirom. Pomocu ove tri varijable procijenjena je korist od intervencije.

Rezultati: Od sveukupnih 108 pacijenata 71% bili su pothranjeni. U skupini PC pothranjeno
je bilo 67% pacijenata u usporedbi s 59% u skupini CRC. Nije bilo znacajne razlike izmedu
ove dvije skupine (P=0,593). Medutim, u vezi niskog BMI, koji je bio jedna od varijabli koje
odreduju pothranjenost, 22% pacijenata s PC pokazalo je nizak BMI u usporedbi sa 7%
pacijenata s CRC (P=0,029). U usporedbi gubitka teZine, Sto je joS jedan kriterij ovog
odredenja, postojala je znacajna razlika (P<0,001). Intervenciju je primilo 71% pacijenata s
PC 1 17% pacijenata s CRC (P<0,001). Kada se promatra konac¢na korist, 43% pacijenata s PC
imalo je korist od intervencije, usporedeno s 14% pacijenata s CRC. Korist je uoCena u obje

skupine, ali medu njima nije bilo znacajne razlike (P=0,162).

Zakljucci: Kao Sto se 1 ocekivalo, prevalencija pothranjenosti veca je kod pacijenata s rakom
gusterace nego u onih s rakom debelog crijeva. Obje skupine imale su korist od intervencije.
Zbog visoke prevalencije pothranjenosti u promatranim skupinama, svi zdravstveni radnici
moraju biti svjesni posljedica pothranjenosti, kao i vaZnosti rane intervencije. Procjena

prehrane mora biti dio lijecenja svakog onkoloskog pacijenta.
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