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PrefaCe
 cancer! an awful disease which is diagnosed in more than 5 million people per year 

worldwide. everyone will know somebody with cancer in its immediate environment. some 

people will feel perfectly healthy, others will feel seriously ill. nevertheless, the diagnosis 

of cancer will have a big impact on the patients’ life, family and friends. with the research 

that i performed in the past 6 years at nutricia advanced medical nutrition on the immu-

nological aspects of nutritional support during cancer, i hope to further contribute to the 

development of new products for cancer patients. my aim is to support these people during 

their disease, during their treatment and during the many associated complications they 

experience. some people can be cured and some people will die within weeks months or 

even years, but it is important to acknowledge that the major goal is to provide optimal 

nutritional support and to give them the best possible quality of life.
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10 CaNCer
dIagNoSIS CaNCer

 cancer is a collective name for more than one hundred types of distinct diseases.  

nevertheless, a common feature of the different types of cancer is the uncontrolled growth 

of “abnormal” cells. in the human body, regulatory mechanisms exist to ensure the con-

trolled growth and development of new cells and for death (apoptosis) of damaged or out-

dated cells. once alterations arise in the cellular genome that affect the expression or 

function of genes controlling cell growth and differentiation, a normal cell can become a 

cancer cell (initiation phase, Figure 1) and a tumor might develop (promotion phase). the 

nature of a tumor can be benign or malignant. malignant tumors continue to grow and 

will, by definition, invade surrounding tissue and organs (progression phase). in addition, 

certain tumor cells can spread throughout the body by metastasizing to other organs via 

the bloodstream or lymph vessels, growing out to new tumors (metastasis phase). not all 

cancers will lead to the development of a solid tumor in tissue or organs, non-solid tumors 

can appear in the blood, the lymphatic system or in the bone-marrow fluid and often spread 

throughout the whole body (1-4). 

 the immune system can specifically identify and eliminate tumor cells on the basis of 

the expression of tumor-specific antigens, and destroy them before they can cause harm 

(immune surveillance) (5). consequently, to develop cancer, six essential alterations have 

to occur at the tumor site, that are shared by almost all cancer types (6). tumor cells have 

to be self-sufficient in producing growth signals, insensitive to growth inhibitory signals, 

able to evade programmed cell death (apoptosis), unrestricted in the potential to replicate, 



11

able to sustain angiogenesis and able to invade other tissues by invasive growth or metas-

tasis. Fortunately, due to the multitude and diversity of alterations that are necessary to 

sustain malignant growth and the existence of redundant control and repair mechanisms,  

the occurrence of a cancer lesion is a relatively rare event in a human lifetime (6).

 

incidence

 in the year 2008, worldwide 6.6 million men and 6.0 million women developed a ma-

lignant tumor and altogether 7.5 million people died from cancer (7). lung cancer is the 

most common cancer worldwide, accounting for 1.6 million new cases annually; followed 

by cancer of the breast, 1.4 million; colorectal cancer, 1.2 million; stomach cancer, 1.0 mil-

lion and prostate cancer, accounting for 0.9 million new cases per year. the three leading 

cancer killers are however different from the three most common types, with lung cancer 

responsible for 17.8% of all cancer deaths; stomach, 10.4% and liver, 8.8%. significant dif-

ferences can be observed in both cancer incidence and mortality between male and female 

(Figure 2). but, because cancer is a collective name for several distinct diseases that occur 

at different ages, these numbers will change with age (7). 

 the  global incidence of cancer is predicted to increase from 12.6 million people in 2008 

to 15.5 million in 2030 accompanied by an increase of 50% in cancer deaths from 7.5 mil-

lion deaths in 2008 to 11.5 million deaths in 2030. this increase is mainly due to a steadily 

ageing populations in both developed and developing countries and also to current trends 

in smoking prevalence and the growing adoption of unhealthy lifestyles (8).

classification and disease staging

 the different types of cancer can be classified in two ways; by the type of tissue in which 

the cancer originates (histological type) and by primary site (location in the body where the 

cancer first developed). on basis of histological type, the different cancer types can be divided 

into six categories: carcinoma (internal or external lining of the body, e.g. epithelium), sar-

coma (connective tissues, e.g. bones, muscle, fat), myeloma (bone marrow), leukemia (blood 

cancers), lymphoma (glands or lymph nodes, e.g. spleen, tonsils) and mixed types (cancer 

types from different categories, e.g. adenosquamous carcinoma, carcinosarcoma) (9, 10).  

Initiation

Carcinogenesis

Initiation phase Promotion phase Progression phase Metastasis phase

figure 1  carcinogenesis.
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For most cancer types, the stage of the disease is expressed using the tnm classification, 

an anatomically based system that primarily records the primary and regional nodal extent 

of the tumor and the absence or presence of metastases (11).  each individual aspect of 

tnm is termed a category: the t category describes the extent of the primary tumor, the n 

category describes the regional lymph node involvement and the m category describes the 

presence or otherwise of distant metastatic spread. once the values for t, n and m have 

been determined, they are combined to an overall stage, in general a roman number from 

i to iv. For example, a t1, n0, m0 breast cancer indicates that the primary breast tumor is 

less than 2 cm across (t1), does not have lymph node involvement (n0), and has not spread 

to distant parts of the body (m0). this would make it a stage i cancer (12). however, criteria 

for stages differ for different types of cancer; bladder cancer t3 n0 m0 is stage iii, whereas 

colon cancer t3 n0 m0 is stage ii.

CauSeS of CaNCer

 the development of cancer is a multifactorial process, there is no single cause for any 

one type of cancer. genetic factors are involved in this process, as well as lifestyle factors 

including tobacco use, diet and physical activity, certain types of infections and environ-

mental exposure to carcinogenic substances and radiation (2, 3, 8, 13). ageing is another 

fundamental factor in the development of cancer. the incidence of cancer increases with 

age, most likely due to an accumulation of risk factors in combination with less effective 

repair mechanisms in older people (8). moreover, also immune suppression (caused by 

either primary or secondary immunodeficiencies) and therapy to prevent transplant rejec-

tion are often associated with a heightened risk of cancer. immune suppression to prevent 

transplant rejection is clearly associated with a heightened risk (3- to 100-fold increase) of 

developing certain types of cancer (5).

Incidence and rank of the ten most common cancer types worldwide for men and women in 2008

Men Women
rank rank

1 1383523

1095186 1 4 513637

913770 2

663612 3 2 570099

640556 4 5 349042

3 529409

522355 5 7 225916

326575 6

297338 7

6 287630

8 225484

199569 8 10 156275

195943 9

170903 10

9 163020

 Leukaemia

 Lip, oral cavity

 Thyroid

 Liver

 Cervix uteri

 Oesophagus

 Bladder

 Corpus uteri

 Ovary

 Breast

 Lung

 Prostate

 Colorectum

 Stomach

 Non-Hodgkin lymphoma

© GLOBOCAN 2008, IARC

MenWomen
rankrank

11383523

109518614513637

9137702

66361232570099

64055645349042

3529409

52235557225916

3265756

2973387

6287630

8225484

199569810156275

1959439

17090310

9163020

 Leukaemia

 Lip, oral cavity

 Thyroid

 Liver

 Cervix uteri

 Oesophagus

 Bladder

 Corpus uteri

 Ovary

 Breast

 Lung

 Prostate

 Colorectum

 Stomach

 Non-Hodgkin lymphoma

figure 2 incidence and rank of the ten most common cancer types worldwide for men and women in 2008  
  (globocan 2008, iarc, who).
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genetic factors

 in some families, persons have a genetic predisposition for a specific type of cancer and 

are already born with a genetic mutation. this will increase the risk to develop cancer du- 

ring their life significantly. For example, women who carry one of the breast cancer genes 

brca1 and brca2 have a higher chance to develop breast cancer than women who do not 

(1, 14). but on the other hand, a minority of 5-10% of all breast cancers can be ascribed to 

these genes, so most breast cancers are not caused by a specified genetic predisposition 

(14).

lifestyle factors

 nowadays, lifestyle factors are recognized as major risk factors for cancer. smoking is 

responsible for almost 9 out of 10 lung cancer deaths. lung cancer is the leading cause of 

cancer deaths in both men and women, and is one of the hardest cancers to treat. however, 

smoking is also related to other types of cancer such as head- and neck cancers, liver can-

cer and pancreatic cancer and is estimated to cause 21% of the cancer deaths worldwide 

(15, 16). alcohol abuse is another risk factor for cancer, it might lead to a higher risk of liver 

cancer, head and neck cancers and breast cancer (15) and causes 5% of the cancer deaths 

worldwide. the western lifestyle is characterized by a highly caloric diet, rich in fat, refined 

carbohydrates and animal proteins, combined with low physical activity, resulting in an 

overall energy imbalance and eventually in obesity. malignancies associated with these diet 

related factors are colorectal cancers, breast cancer, cancer of the uterus, gallbladder and 

kidney but also prostate cancer and esophageal cancer are frequently observed. moreover, 

low fruit and vegetable intake may increase the risk on colorectal cancer, stomach cancer, 

lung cancer and esophageal cancer and is estimated to cause 5% of the cancer deaths 

worldwide (15, 17, 18).

infections

 certain types of infections can play a role in the development of specific cancer types. 

bacterial infections as for example helicobacter pylori, are one of the major causes of 

gastritis and have proven to be related with the occurrence of stomach cancer. in addition, 

infections with the human papilloma virus (hpv) or the hepatitis b and c viruses increase 

the risk of cervical and liver cancer, respectively (19, 20). 

environmental factors

 the environmental exposure to carcinogenic chemicals and radiation is described as a 

major risk factor as well, occurring mostly in an occupational setting. examples of carci-

nogenic chemicals include asbestos, benzene and arsenic (21), in which asbestos is highly 

related to cancer of the lung and pleural mesothelioma (22) that appear most of the times 

in mine workers, plumbers, pipe fitters and in the insulation and asbestos cement indus-

try. benzene can induce leukemia and is frequently used as a solvent or chemical in the 

pharmaceutical industry as well as in the printing industry (23). examples of radiation are 

exposure to X-rays, Y-rays, neutrons and radon which can cause bone cancer, leukemia, as 

well as lung, liver and thyroid cancer, which are frequently observed in radiologists, nucle-

ar workers and aircraft crew (24).  the most commonly known example of environmental  
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cancer triggers is ultraviolet (uv) radiation. the primary source of uv radiation is sunlight, 

but tanning lamps and booths are also sources of uv radiation. exposure of light from 

these sources is linked to a higher risk for both melanoma as well as non-melanoma skin 

cancers (25).  

prevention and early detection

  in total, 35% of all cancers can be prevented by avoiding above mentioned risk factors 

(e.g. smoking, alcohol) and by making healthy lifestyle choices (e.g. high consumption of 

fruit and vegetables)(15). moreover, it is important to control occupational hazards (asbes-

tos, radiation), as occupational cancers are largely preventable (26), but it is also true for 

skin cancers which can be inhibited by less exposure to sunlight. Furthermore, the clinical 

course of the disease may be improved by early detection, diagnosis and treatment. there-

fore, it is important to recognize early signs of cancer and to have screening programs in 

place to identify early cancer stages before symptoms become overt, including cytology 

tests for cervical cancer and mammography for breast cancer (27, 28). For most of these 

cancers early detection has been shown to reduce the number of deaths (29).

CaNCer treatmeNt

 the purpose of cancer treatments is to cure patients, prolong life or improve qua- 

lity of life for the patients. the most common treatments used alone or in combination 

are surgery, chemotherapy, radiotherapy, hormone therapy, bone marrow- and stem cell 

transplants and immunotherapy (or biological therapy). once patients are diagnosed with 

cancer, the different treatment options are discussed. the treatment schedule is designed 

based on the type and stage of cancer but other important factors include the overall health 

of the patient, its age, performance status, side effects of the treatment and the probability 

of curing the disease, extending life or relieving symptoms (1, 30-32). 

surgery

 many cancer patients will undergo some type of surgery as it offers optimal curative 

potential in many types of cancer. initially, preventive surgery can be performed to remove 

body tissue that is at risk for developing a tumor, due to the presence of a genetic predispo-

sition, even though there are no signs of cancer at the time of surgery (33). surgery is used 

also to diagnose cancer or to determine the stage of cancer (34). in relation to cancer treat-

ment, surgery is mostly used to remove the tumor and an area of healthy tissue surroun- 

ding it, also known as a clear margin or clear excision, in order to prevent the cancer from 

recurrence (35). in the case that curative resection is not possible, surgery is used to treat 

problems caused by advanced cancer. Finally, reconstructive surgery is used to improve the 

look or to restore the function of an organ or body part after an earlier tumor removal, for 

example a breast reconstruction after removal of the breast due to breast cancer (36).

radiotherapy

 radiotherapy is commonly applied for the treatment of cancer and makes use of high 

energy X-rays or other types of radiation with the aim to destroy the cancer cells in a spe-

cific treatment area. since the repair mechanisms of cancer cells are less effective and 
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they divide faster than normal cells, cancer cells are destroyed selectively. 

 radiotherapy is applied to the patient frequently; about 40% of the patients receive ra-

diotherapy as part of their treatment (37). radiotherapy can be applied in two ways, either 

externally or internally (38). external radiotherapy is administered using a machine outside 

the body that directs its radiation bundle on a specific location of the body affected by the 

tumor. the radiotherapy destroys the cancer cells by damaging the dna in the cells so they 

are unable to multiply (39). by contrast, internal radiotherapy makes use of a radioactive 

substance sealed in needles, seeds, metal wires or tubes which are placed directly into or 

near the tumor (brachytherapy). the radioactive material is left in the body for a period of 

time, e.g. minutes or days, depending on the type of cancer and radiotherapy. the radioac-

tivity from most implants only beams a few millimetres through the body, while for other 

internal radiotherapies patients have to be isolated and avoid contact with other people 

during the presence of the radioactive material in the body. in addition to the implants, 

internal radiotherapy can be given by a drink as well. examples include radioactive phos-

phorus in blood disorders or radioactive strontium in some secondary bone cancers.

besides these two types of radiotherapy, it is also possible to irradiate the total body which 

is sometimes performed in patients suffering from leukemia or lymphoma having a bone 

marrow or stem cell transplantation. in this case, all bone marrow cells will be destroyed 

before transplantation with either autologous bone marrow cells or bone marrow cells from 

a donor (37, 38).

chemotherapy 

 unlike surgery and radiotherapy, which are in most cases considered local treatments, 

chemotherapy is a systemic treatment and affects the entire body.  currently, there are more 

than 100 different chemotherapeutic drugs available which can be used separately or in com-

bination and new types are continuously being developed (40, 41). chemotherapy is most 

commonly given by tablets or intravenously and targets rapidly dividing cancer cells (32, 42). 

 chemotherapeutics can be divided into several groups based on their working mecha-

nism and their chemical structure, but with a common goal to prevent cancer cells from 

multiplying, invading, metastasizing, and ultimately killing the host. the major categories 

of chemotherapeutic agents are alkylating agents, antimetabolites, anthracyclines, plant 

alkaloids, antitumor antibiotics, taxanes, and monoclonal antibodies (43). most of these 

agents exert their effect primarily on cell multiplication and tumor growth. they interfere 

with the synthesis of either dna, rna, or proteins, or with the appropriate functioning of 

the preformed molecule. many cells die because of the direct effect of the chemotherapeu-

tic agent, while in other cases, the chemotherapy may trigger differentiation, senescence 

or apoptosis, affecting the mechanism of programmed cell death (1, 43-45). however, be-

cause cell division is a characteristic of many normal cells as well, most chemotherapeutic 

agents have a toxic effect on normal cells as well. in particular cells with a rapid turnover 

rate, such as cells in hair follicles, bone marrow cells and cells in the lining of the digestive 

system, which are constantly renewing themselves, carry a risk of chemotherapy-induced 

side effects as hair loss and diarrhea (32, 44-46). therefore, each time chemotherapy is 

prescribed, a balance has to be found between destroying the cancer cells (in order to cure 
or control the disease) and sparing the normal cells. 
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combination therapy

 to maximize the chance to destroy all cancer cells and to decrease the risk of cancer 

recurrence, different types of cancer treatment can be combined.  chemotherapy or radio-

therapy can be applied before surgery to shrink the tumor and make it easier to remove, or 

to reduce the risk of spreading during surgery. this type of treatment is called neoadjuvant 

treatment and is frequently used in different types of cancer. chemotherapy and radio-

therapy can be applied after surgery as well; then it is called adjuvant treatment and it is 

applied with the aim to destroy any remaining cancer cells that may have been left after the 

operation (47). 

palliative care

 in an early stage of cancer, the above described treatments are applied with a cura-

tive intention. however, in more advanced cancer stages, the same treatment options are 

used, but with another goal. palliative care is aimed to relieve disease symptoms and to 

improve length and quality of life. important goals are the prevention and relief of suffering 

by means of early identification and optimal treatment of pain and other problems (e.g. side 

effects of cancer treatments) (48). palliative care can consist of diverse types of treatment, 

including application of analgesics, anti-nausea drugs, chemotherapy, radiotherapy and 

even surgery. the ultimate goal of such an approach is to shrink the tumor, relieve the 

symptoms and to give the patient a longer but acceptable life (37, 49).

complications and side effects

 cancer treatment can induce a large number of complications and side effects, es-

pecially due to the use of increasingly aggressive methods during the last 20 years (50). 

this can affect quality of life of the patient and may influence the length of hospital stay 

(51). however, the most commonly observed side effects differ per type and duration of 

treatment. the most common chemotherapy-related side effects include fatigue, alopecia, 

anorexia, alterations in taste and smell, nausea, vomiting, mucositis, constipation, diar-

rhea, early satiety and weight loss, resulting in a decreased performance status impairing 
the ability to work or to perform household duties (52-54). moreover, chemotherapy can 
suppress the function of the patient’s immune system, leading to a higher risk of infec-
tious complications and fever. the side effects of radiotherapy are determined by the type, 
quantity, duration and site of exposure to the body, since areas of highly proliferative cells, 
as the gastrointestinal (gi) mucosa and hair follicles, are most vulnerable to side effects (1, 
39, 55). radiation of the head and neck area is associated with anorexia, stomatitis, nausea, 
xerostomia, vomiting, dysphagia and alterations in taste and smell, whereas radiation of 
the abdomen may cause diarrhea, mucositis and colitis. when a larger area is radiated, a 
general malaise with fatigue, nausea, vomiting and immune suppression may occur. side 
effects of surgery can be diverse, but patients generally suffer from fatigue up to 8 weeks 

after the operation. moreover, surgery may have several nutritional implications, leading to 
weight loss and malabsorption of essential nutrients and vitamins. surgery-related com-
plications can occur as well; bleedings, wound infections and pneumonia are most often 

observed (56).

 the survival of cancer patients strongly depends on the type of cancer as well as on the 

stage in which the disease is diagnosed. approximately 50% of all cancer patients can be 
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cured from the disease, but many others will die after some months, years or even decades 

(7). statistics demonstrate that the survival of cancer patients has improved significantly 

in the past decades. nowadays, cancer is more often diagnosed in an early stage, and 

prognostic factors as malnutrition and crp are defined leading to a more effective treat-

ment approach (57-59). in addition to a higher survival, quality of life during treatment 

has improved as well compared to previous decades. surgical techniques have improved, 

chemotherapeutics with fewer side effects are available and new treatment procedures are 

continuously being developed.

CaNCer-related malNutrItIoN
 the majority of patients with advanced cancer experience involuntary weight loss at 

some points during the course of their disease, which can be caused by anorexia, reduced 

appetite, treatment-related malnutrition, or cancer cachexia (wasting disease) (60, 61). ca-

chexia is a term derived from the greek words kakos, meaning bad, and hexis, meaning 
condition. cancer cachexia is a complex metabolic, multi-factorial syndrome defined by an 
ongoing loss of skeletal muscle mass (with or without loss of fat mass) that cannot be fully 
reversed by conventional nutritional support and leads to progressive functional impair-
ment. the pathophysiology is characterized by a negative protein and energy balance driven 
by a variable combination of reduced food intake and abnormal metabolism. however, de-
tails of its definition have been the topic of a long-lasting and ongoing debate (60, 62-66). 
tumor-derived factors, therapeutic strategies, but also nutritional status, age and even 
stress and depression are involved in this process, resulting in a chronic inflammatory state 
and impaired immune responsiveness (62, 67, 68). weight loss is observed in up to 80% of 
cancer patients and is associated with a poor prognosis, leading to reduced survival rates 

in these patients (62, 63, 69, 70). 

PrevaleNCe of CaNCer CaChexIa
 the process of cancer cachexia starts early. in the literature it has been described that 
85% of patients with pancreatic or stomach cancer and 60% of patients with lung cancer 
have experienced weight loss by the time of diagnosis and in 30% of the patients this body 
weight loss is severe (71, 72). in addition, metabolic alterations leading to cancer cachexia 
are already present before diagnosis (73) and recent findings show that impaired immune 
responsiveness and muscle protein degradation may even occur already before the onset 
of weight loss (74, 75).

 the global incidence of malnutrition during the course of cancer ranges from 30% to 

90% and depends on type, location, stage and spread of the tumor as well as on anti-

cancer treatment, age, gender and individual characteristics (76-78). weight loss is most 

apparent in patients suffering from stomach (83%) and pancreatic cancer (83%), but also in 

patients with esophageal cancer (79%), head and neck (72%) and lung cancer (50-61%) the 

incidence is high (77). patients with sarcomas (39-66%), testicle cancer (25%) and breast 

cancer (9-36%) have the lowest frequency of weight loss. moreover, anti-cancer treatment 

can negatively affect body weight (63, 79), as described by langius et al. in early stage la-

ryngeal cancer patients receiving radiotherapy (80) and by chemotherapy-induced nausea 

and vomiting as described by navari et al (81).
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CauSeS of CaNCer CaChexIa

 weight loss in cancer patients is due to depletion of both adipose tissue as well as ske- 

letal muscle mass, while the non-muscle protein compartment is relatively preserved, thus 

distinguishing cachexia from simple starvation (82). in case of starvation (weight loss due 

to caloric deficiency), metabolism shifts from glucose to fatty acids and ketone bodies as a 

fuel source, thereby protecting lean body mass. by contrast, in cancer cachexia, nutrients 

are used inefficiently and lean body mass decreases significantly (83). 

 however, an inadequate intake of energy and nutrients by itself does not account for the 

changes in nutritional status observed in cachectic cancer patients. cachexia is considered 

a multi-factorial syndrome, caused by an inadequate food intake and metabolic alterations 

as summarized in Figure 3.

Food intake

 Food intake is frequently reduced in cancer patients due to disease- and treatment-

related factors affecting both energy and protein intake, including systemic effects of the 

disease (e.g. anorexia, alterations in taste and smell, nausea, vomiting, pain), local ef-

fects of the tumor (e.g. odynophagia, dysphagia, gastrointestinal obstruction, early satiety, 

malabsorption), psychological factors (e.g. fear, depression, anxiety) and side effects of 

anti-cancer treatment (e.g. radiation-induced tissue damage, cytotoxic drugs). moreover, 

surgery of the oral cavity, esophagus and the gastrointestinal tract can significantly reduce 

nutritional intake and status, resulting in impaired mastication, dysphagia, taste changes, 

early satiety, regurgitation, malabsorption, and diarrhea in these patients (84-87). 

metabolic alterations

 the metabolic alterations that are associated with cancer cachexia involve numerous 

organs, affecting energy expenditure and the metabolism of carbohydrates, protein and fat, 

!

figure 3 multi-factorial causes of cancer cachexia, adapted from nitenberg et al (76).
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although the underlying mechanisms are still not fully understood (86, 88). in the literature, 

resting energy expenditure (ree) of cachectic patients with advanced pancreatic cancer 

was increased compared to the predicted values for healthy individuals, whereas total en-

ergy expenditure remain unchanged due to a reduction in physical activity (89). moreover, 

an elevated ree was described in cachectic lung cancer patients as well, whereas in pa-

tients suffering from gastric or colorectal cancer no changes on ree were observed (90). 

although the underlying mechanism still needs to be resolved, there is a general consensus 

that cachectic patients are often (mildly) hypermetabolic, indicated by a higher ree (140-

290 kcal/day) (91-93). if this increase in expenditure is not compensated by an increase in 

caloric intake, this can result in loss of up to 1 kg body fat and/or loss of more than 2 kg 

muscle mass per month (93).

 changes in carbohydrate metabolism appear similar to type ii diabetic patients. cancer 

patients have an increased turnover and production of glucose by the liver (gluconeogen-

esis) formed by the increased and highly efficient conversion of lactate, which is produced 

in the relative low-oxygen environment of the tumor and contributes to a high ree of the 

patients (94).  moreover, the insulin-stimulated glucose uptake by muscles is decreased 

due to peripheral insulin resistance and redirects glucose to the liver (95). alterations in 

protein metabolism of cancer patients include nitrogen depletion and skeletal muscle deg-

radation through activation of the atp-ubiquitine-proteasome pathway. in addition, the un-

availability of glucose to the muscles leads to oxidation of amino acids and consequently 

to the loss of lean body mass (86, 93, 96). this results in specific alterations in the plasma 

amino acid profile with decreased levels of arginine, valine and leucine and increased levels 

of tryptophan (93, 97). the altered lipid metabolism of cancer patients is characterized by 

an increased lipolysis (the breakdown of body fat) and lipid oxidation, a decreased lipogen-

esis and an overall depletion of fat stores (98). moreover, an increased activity of lipoprotein 

lipase, an enzyme required for triglyceride clearance, has frequently been observed in can-

cer patients, leading to breakdown of adipose tissue (99). another important factor in the 

metabolic alterations associated with cancer cachexia is the hepatic acute-phase response 

(apr). an apr is seen n half of the cancer patients at presentation, and is most often de-

termined clinically by raised plasma c-reactive protein (crp) concentrations, although the 

synthesis of other hepatic proteins (e.g. serum amyloid a, fibrinogen, α1-acid glycoprotein, 

α1- antichymotrypsin and haptoglobulin) is increased as well. the apr consists of a com-

plex series of reactions, initiated in response to infection, physical trauma or malignancy. 

these reactions prevent ongoing tissue damage, isolate and destroy infective microorga- 

nisms and activate the repair process in order to restore normal function (100). the apr is 

triggered by the pro-inflammatory cytokines interleukin (il)-6, il-1β, tumor necrosis Fac-

tor (tnF)-α and interferon (iFn)-γ and is linked to adverse outcome and shortened survival 

in advanced cancer patients (101). 

potential mediators

 several mediators that are either tumor- or host-derived have been implicated in the 

pathogenesis of cancer cachexia. tumor-derived factors such as proteolysis-inducing fac-

tor (piF), have been described to cause breakdown of skeletal muscle (proteolysis) and 

weight loss (90). piF was shown to induce muscle protein degradation through an increased 
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activity and expression of the ubiquitin-proteasome pathway, consequently leading to the 

breakdown of skeletal muscle proteins (63, 90). lipid-mobilizing factor (lmF), another tu-

mor-derived factor, has been detected in the urine of patients with cancer and has been 

shown to stimulate lipolysis, increase metabolic rate and energy expenditure and cause 

loss of adipose tissue in mice (102, 103). moreover, serum and urinary levels of lmF has 

been correlated with weight loss in cancer patients (104).

 as already mentioned, several pro-inflammatory cytokines are involved in the meta-

bolic disturbances associated with cancer cachexia (63, 105-107). pro-inflammatory cy-

tokines are protein mediators that are secreted by tumor cells, immune cells and other 

cells. these cytokines stimulate the apr, but are also able to exert a variety of nutritional, 

behavioral and physiologic effects in addition to their immunological functions. although 

no consensus exists for the exclusive roles of any of the pro-inflammatory cytokines il-1β, 

il-6, tnF-α and iFn-γ (also called pro-cachectic cytokines), it has become clear that over-

lapping biological activities and synergistic interactions between them lead to a progres-

sive cachectic state (Figure 4) (69, 105, 108).

indirect evidence for the role of the pro-inflammatory cytokines is based on the observation 

that administration of these cytokines can produce similar host responses as observed in 

cancer cachexia (109). For example, in preclinical studies in healthy animals, injection of 

exogenous il-1β and tnF-α caused increased energy expenditure, protein turnover and 

weight loss. in addition, improved food intake, whole lipid content, lean tissue retention and 

decreased tumor volume have been observed in tumor-bearing animals after an injection 

of neutralizing antibodies against tnF-α, il-1β, il-6 and iFn-γ (63). moreover, several al-

terations in gastrointestinal function, indirectly affecting the nutritional status, have been 

!

figure 4 the central role of cytokines in the (patho)physiological processes leading to the development 
  of cancer cachexia, adapted from bozzetti et al (93).
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ascribed to the release of pro-inflammatory cytokines, including changes in gastric empty-

ing and changes in small bowel motility (83). 

 clinical data suggest that pro-inflammatory cytokines play a key role in the promotion 

of cancer cachexia since serum il-6 levels are increased in malnourished patients with co- 

lorectal cancer compared with well-nourished patients and are associated with hyperme-

tabolism and weight loss in patients with lung cancer. in addition, elevated serum levels 

of tnF-α are associated with malnutrition and reduced quality of life in gastric cancer pa-

tients (63, 110). moreover, cytokines as il-1β and tnF-α have been suggested to be involved 

in cancer-related anorexia, affecting food intake directly or through other mediators as 

corticotrophin-releasing hormone, serotonin or leptin (83, 109). however, the predominant  

effect of the pro-inflammatory cytokines is local and may become more important than 

the actual circulating levels of the cytokines, at least in humans (83, 109). nevertheless, 

the production of the pro-inflammatory cytokines can lead to a severe inflammatory state, 

which may play a central role in cancer progression and the reduced immune responsive-

ness observed in cancer patients as described in detail later on.

CoNSequeNCeS of CaNCer CaChexIa
 cancer cachexia occurs in the majority of cancer patients and is a major contributor to 
morbidity and mortality during advanced disease (62, 63). it has been estimated to account 
for 10–30% of cancer deaths, but might also contribute to other death causes such as op-
portunistic infections (111-113). tumor and host-derived factors, therapeutic strategies, 

but also nutritional status, age and even stress and depression are involved in this process, 

resulting in weight loss, a chronic inflammatory state and impaired immune responsive-

ness (62, 67, 68). immune suppression is a major problem in these cancer patients leading 

to disease progression, increased complications and a delayed or suboptimal treatment 

protocol (e.g., surgery, chemotherapy, radiotherapy) resulting in a reduced quality of life 

and a poor prognosis (58, 67, 68, 114, 115). moreover, cachectic cancer patients were de-

scribed to have a reduced functional capacity and performance status caused by reduced 

muscle function (58, 72, 116). this might lead to a prolonged hospital stay, higher prescrip-

tion and consultation rates, eventually leading to higher costs (117-120). 

CaNCer aNd the ImmuNe SyStem
 the immune system has three primary roles in the action against the development of 

cancer. First of all, the immune system can specifically identify and eliminate tumor cells 

on the basis of their expression of tumor-specific antigens and destroy them before they 

can cause harm (immune surveillance). secondly, the immune system can protect the host 

from virus-induced tumors by eliminating or suppressing viral infections. thirdly, the elimi-

nation of pathogens and the prompt resolution of inflammation can prevent the establish-

ment of an inflammatory environment, which is favorable in tumor development (5).

CaNCer aNd INflammatIoN 

 in 1863 rudolf virchow was the first describing a link between inflammation and can-

cer and he suggested, based on the finding of leucocytes in neoplastic tissue, that the 
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origin of cancer was at sites of inflammation (121, 122). today, a role for inflammation in  

tumorigenesis is generally accepted and it has become evident that an inflammatory  

microenvironment is an essential setting for all tumors, including some in which a direct 

relationship with infections has not been proven yet (122). as already mentioned before, a 

minor part of all cancers is primarily caused by hereditary factors, whereas the majority 

are linked to environmental and lifestyle factors (e.g. chronic infections, tobacco smoking 

and asbestos) which are associated in diverse ways with the process of chronic inflam-

mation (123). chronic inflammation may be one of the driving forces for the initiation and 

development of cancer. moreover, once inflammatory conditions are present at the tumor 

site, they may further support the progression of the tumor into more advanced stages and 

also promote metastasis (124). 

 acceleration of tumor development by chronic inflammation can be observed in many 

types of cancer (extrinsic pathway). For example, persistent helicobacter pylori infection 

is associated with gastric cancer and infections with hepatitis b or c viruses increase the 

risk of hepatocellular carcinoma, respectively (123, 124). the cancer-associated chronic 

Inflammation or infection Oncogene activation

Extrinsic pathway Intrinsic pathway

Chemokines, cytokines, prostaglandins (and COX-2) 
produced by tumor cells

Inflammatory cells
recruited

Chemokines, cytokines, prostaglandins               
(and COX-2) produced

Cancer-related inflammation

MDSCMacrophage

Eosinophil Neutrophil
Mast cell

figure 5 pathways that connect inflammation and cancer, partly adapted from mantovani et al (125).
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inflammation is the result of normal protective mechanisms in order to eliminate patho-

gens. inflammatory cells are recruited by both host- and tumor-derived factors, of which 

macrophages are predominantly present (Figure 5). once activated, macrophages produce 

a large variety of bioactive products, providing an important defense mechanism against 

tumor cells. subsequently, progression to an overall inflammatory state is accompanied 

by the production of several pro-inflammatory mediators, including cytokines, chemo- 

kines, prostaglandins and reactive oxygen/nitrogen species. in general, these processes 

are self-limiting, however, dysregulation of any of the converging factors can lead to a con-

tinuous stimulation and eventually to pathogenesis and progression towards advanced dis-

ease (122, 124).

however, also in cancer without an underlying primary inflammatory condition, in which 

neoplasia is caused by genetic events as a mutation, chromosomal rearrangement or am-

plification and the inactivation of tumor-suppressor genes, inflammation plays a central 

role (intrinsic pathway). transformed cells produce several pro-inflammatory mediators as 

well, thereby generating an inflammatory microenvironment comparable to the extrinsic 

pathway. the inflammatory mediators have been characterized as key players in tumor 

promotion, since they are able to induce a variety of factors that support angiogenesis, 

tumor cell growth and tissue remodeling. in addition, the immune suppressive activities of 

the inflammatory mediators give rise to the inhibition of immune reactions by t-lympho-

cytes, natural Killer (nK) cells, macrophages and neutrophils against the tumor, skewing 

the immune response to a suppressed phenotype (124, 126).   

INflammatory CellS IN the tumor mICroeNvIroNmeNt

 as a result of cancer-associated chronic inflammation, the tumor microenvironment 

contains innate immune cells, including macrophages, myeloid-derived suppressor cells 

(mdsc), neutrophils, dendritic cells (dc) and natural Killer (nK) cells, and adaptive im-

mune cells, including t- and b-lymphocytes, in addition to the cancer cells and surroun- 

ding stroma (consisting of fibroblasts, endothelial cells, pericytes and mesenchymal cells) 

(123, 127). the different cell types communicate via cell-cell contact or via the production 

of cytokines and chemokines in order to control tumor development. consequently, the ba- 

lance between the production of these immune modulators and the activation state of the 

different cell types in the tumor microenvironment determines the induction of tumor-pro-

moting inflammation and immune suppression or even anti-tumor immunity (123, 128).  

macrophages, tam and mdsc

 monocytes and macrophages are derived from myeloid progenitor cells. these precur-

sor cells are located in the bone marrow and after maturation, monocytes are released into 

the bloodstream. circulating blood monocytes migrate to different tissues and differentiate 

into resident macrophages (129). macrophages play an important role in all aspects of tu-

mor immunity. they are involved in tumor destruction and can facilitate tumor growth and 

metastasis, depending on their phenotype. classically activated m1 macrophages are in-

duced by iFn-γ and by bacterial lipopolysaccharides (lps). these are able to destroy tumor 

cells by the production of nitric oxide (no) and t-helper (th) 1 cytokines (e.g. tnF-α, il-1, 

il-6, il-12 and il-23) and chemokines. moreover, these macrophages can act as antigen 
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presenting cells (apc) to activate cytotoxic cd8+ t-cells. For that reason, m1 macrophages 

are generally considered as potent defense factors against the attack of pathogens and 

tumor cells and accordingly, these cells predominate during the early stages of carcino-

genesis (Figure 6) (121, 123, 130, 131). by contrast, in established and advanced cancer, 

when tumor cells have escaped the attack from the immune system, m2-polarized ma- 

crophages then predominate. m2 macrophages are induced and activated by il-4, il-10 

and il-13 in a process called alternative activation. m2 macrophages have a poor antigen 

presenting capacity, they suppress the immune responses and th1 immunity and they pro-

mote angiogenesis and tissue remodeling (Figure 6) (123, 130, 131).

 a specific type of macrophages, found in many tumors and skewed to the m2 phenotype, 

are tumor-associated macrophages (tam). these cells are derived from circulating mono-

cytes that infiltrate the tumor by attraction through chemotactic factors as ccl2 (monocyte 

chemotactic protein (mcp)-1), vascular endothelial growth factor (vegF) and macrophage 

colony stimulating factor (m-csF), and differentiate to macrophages (121, 130). in most 

types of cancer tam promote tumor growth and support angiogenesis, invasion and me-

tastasis. moreover, high levels of infiltrating tam have been shown to be associated with a 

poor prognosis (123, 130). however, in some cases tam are able to express some charac-

teristics of m1 macrophages, expressing anti-tumor immunity as well (124, 130, 131).

another important cell type in the chronic inflammation of the tumor microenvironment, 

with a common myeloid precursor as the tam, are the myeloid derived suppressor cells 

(mdsc) (Figure 7). human stem cells (hsc) give rise to common myeloid precursors (cmp), 

which subsequently originate at least three subsets of cells circulating in tumor-bearing 

hosts that can be identified by specific markers: monocytes, granulocytes, and mdsc. cir-

culating monocytes are recruited by tumors and differentiate into tam, acquiring tumor-

promoting functions. during tumor progression, mdsc that accumulate in blood and in 
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figure 6  m1 and m2 macrophages in tumor progression, adapted from allavena et al (130).
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lymphoid organs such as the spleen may be recruited to the tumor microenvironment as 

well, however this depends on the type of cancer. it has been hypothesized that immature 

forms of granulocytes might differentiate into mdscs or condition their function and/or 

further differentiation.

 mdsc have, like tam, a phenotype similar to that of the alternatively activated m2 ma- 

crophages and are elevated in most patients and experimental mice suffering from cancer 

(131). in mice mdsc are characterized by the expression of the cell surface markers gr1 

(granulocytic macrophage/neutrophil marker) and cd11b (myeloid marker), but other sur-

face markers were described as well, depending on the subtype of mdsc (129). in cancer 

patients, mdsc are defined as cd11b+cd33+cd14-hla-dr- and vary in their expression of 

cd15 and other markers, dependent on the intermediate stages of myeloid cell differentia-

tion (129, 133). moreover, mdsc are induced by tumor-secreted and host-secreted media-

tors and consequently contribute to the severe inflammatory state and down-regulation of 

immune surveillance and anti-tumor immunity (133).  mdsc suppress immune responses 

by affecting both innate and adaptive immunity. mdsc suppress t-cells by the production 

of arginase, consequently inhibiting levels of arginine, an essential amino acid for t-cell 

activation. moreover, mdsc produce reactive oxygen species (ros) and peroxynitrite which 

are able to inhibit cd8+ t-cells, but they also induce regulatory t-cells (treg) through an 

il-10 and iFn-γ-dependent process. Furthermore, mdsc skew the immune system to a 

th2 phenotype by secreting high levels of il-10, decrease macrophage production of the 

th1-polarizing cytokine il-12, suppress nK cell cytoxicity and inhibit antigen presentation 

by the limited expansion of mdsc at the expense of dc (129, 131, 133).  

figure 7  current view of tam and mdsc differentiation, adapted from sica et al (132).
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neutrophils 

 neutrophils are the most abundant type of circulating leukocytes in the blood and play 

an important role in the first-line defense against infections and they are important effec-

tors of inflammation as well (129, 134). in a cancer setting, neutrophils are described to be 

active mediators of immune surveillance against several tumors. this might be related to 

the production of cytokines and chemokines by the tumor and the degree of recruitment 

and activation of neutrophils. consequently, activated neutrophils are involved in tumor de-

struction by the release of several factors (e.g. cytokines, chemokines, oxidants) inducing 

direct tumor killing, extracellular lysis, inhibition of angiogenesis and activation of other 

immune cells such as nK- cells and t-cells, and antibody-dependent cytoxicity (134). how-

ever, there is increasing evidence that, like tam or m2 macrophages, neutrophils in the 

tumor microenvironment can acquire a “n2” tumor-promoting phenotype, through a pro-

cess that is largely driven by transforming growth Factor (tgF)-β. it appears that, like 

macrophages, neutrophils are capable of being pro- or anti-tumorigenic, depending on the 

tumor microenvironment (135, 136).

dendritic cells

 dc are specialized antigen presenting cells (apc) that take up, process and present 

tumor associated antigens to activate tumor-specific t-cells (129). initially, monocytes can 

differentiate into immature dc in the presence of granulocyte-macrophage colony-stimu-

lating factor (gm-csF) and il-4. subsequently, dc migrate to the affected and inflamed tis-

sue where they capture the antigens. after maturation, the dc migrate to the lymph nodes 

to stimulate t-cell activation (122). during cancer, infiltration of dc is associated with an 

immune response against the tumor and moreover high levels were correlated with an im-

proved prognosis (67). however, in neoplastic infiltrates, the differentiation and activation 

of dc is inhibited by immune suppressive signals as il-10 and accordingly, mainly imma-

ture and defective t-cells are found, leading to less effective responses to tumor antigens 

(67, 122, 125).

natural Killer-cells

 nK-cells are part of the innate immune system. they are involved in the initial phase of 

defense against infections and play an important role in immune surveillance against tu-

mors and virus infected cells. nK-cells comprise approximately 15% of all circulating blood 

lymphocytes, but are also found in lymph nodes, spleen, bone marrow, lung, liver, intestine, 

omentum and placenta (137). in general, resting nK-cells circulate in the blood and after 

activation by cytokines, they infiltrate into tissues that contain pathogen-infected or malig-

nant cells. the activation of nK-cells is regulated by a balance of signals, which are pro-

duced by inhibitory receptors, binding class i major histocompatibility complex (mhc) mo- 

lecules and by activating receptors, binding ligands on tumors and infected cells (131, 138, 

139). in addition, nK-cells respond to many cytokines, including il-2, il-12, il-15, iFn-α 
and iFn-β, inducing their cytolytic, secretory, proliferative and anti-tumor functions (138). 

the ability of nK-cells to kill target cells (tumor cells) is mediated by a variety of effector 

mechanisms, including the perforin/granzyme-containing granule-mediated pathway, re-

leasing cytoplasmic granules to lyse target cells, the death receptor pathway, expressing 
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tnF-α or no, and the iFn-γ mediated pathway, producing tnF-α to restrict tumor an-

giogenesis and stimulate adaptive immunity (138). consequently, nK-cells are involved in 

rejection of the tumor and can act against tumor initiation, growth and metastasis and until 

now, nK-cells are the only immunological cells that have never been described to take on a 

tumor-promoting role under the influence of tumor-associated factors (67, 123, 138).  

lymphocytes

 acute activation of the innate immune system by the recruitment of the above described 

leukocytes from the circulation into the damaged tissue, additionally induce the activa-

tion of the adaptive immune system (127, 140).  apc acquire foreign (tumor) antigens and 

subsequently migrate to lymphoid organs, where they present the antigens to adaptive im-

mune cells. upon recognition of the specific unique antigen presented by the apc, clonal 

expansion of the adaptive immune cells is required to obtain sufficient antigen-specific 

immune cells as cd4+ t-helper lymphocytes, cd8+ cytotoxic t- lymphocytes (ctl) and b-

lymphocytes to counteract infection (127, 140). during cancer, t-lymphocytes can infiltrate 

the tumor micro environment in order to eradicate and destroy the tumor, depending on the 

type of tumor. however, they can also exert tumor-promoting effects (123). cd8+ ctl are 

able to kill the tumor cells directly by binding to a specific receptor. cd4+ t-helper cells are 

activated in response to soluble factors and can be classified generally into two categories 

as either t-helper 1 (th1) or t-helper 2 (th2) cells. initially, an acute anti-tumor response 

is demonstrated and after activation, th1 cells secrete iFn-γ, tnF-α and il-2. through 

the production of these cytokines, th1 cells regulate immune surveillance programs by 

up-regulating antigen processing by apc and activation of tumor inhibitory responses in 

recruited macrophages and ctl in order to destroy tumor cells. moreover, th1 cells can 

directly kill tumor cells by releasing high levels of iFn-γ, tnF-α and cytolytic granules (131, 

140, 141). by contrast, chronic activation of the immune response (chronic inflammation), 

results in the activation of th2 cells, regulatory t-cells (treg) and activated b-cells secre- 

ting il-4, il-5, il-6, il-10 and il-13 and immunoglobulins that enhance tumor promoting 

responses in innate immune cells and inactivate ctl cytotoxicity (140).  in addition to the 

th1 and th2 cells, another t-helper cell subset might be involved in the tumor responses. 

th17 is differentiated by a combination of il-6, il-23 and tgF-β and mediates its effects 

through the production of il-17, il-21 and il-22. th17 cells may play a role in the protection 

against pathogens and have been implicated with the development of inflammation-associ-

ated colonic tumors in response to pathogenic bacteria (131, 141). moreover, infiltration of 

th17 cells has been observed in patients with colon, ovarian and prostate cancer in which 

high numbers of il-17 producing cells are correlated with a poor prognosis (141).

INflammatory medIatorS IN the tumor mICroeNvIroNmeNt

cytokines 

 as previosly described, cytokines play an important role in the tumor micro environment 

and can promote and/or inhibit tumor development. they can be produced by different types 

of immune cells and tumor cells, and their profile persisting at the inflammatory site de-

termines the activation of either an anti-tumor or a tumor progressive response (122, 128, 

142).  tnF-α is one of the major mediators of inflammation. it can be produced during the 
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acute inflammatory reaction against the tumor, but is also able to induce other pro-inflam-

matory cytokines and chemokines (121, 143). tnF-α has been associated with all steps 

of carcinogenesis, including initiation, promotion, survival, proliferation, invasion, angio-

genesis and metastasis. moreover, tnF-α is produced during chronic inflammation and is 

related to the impairment of immune surveillance by the suppression of t-cell response 

and the cytotoxic activity of m1 macrophages as described earlier (127, 128, 143).   

tnF-α can be detected in ovarian, breast, prostate, bladder and colorectal cancer, lympho-

mas and leukemias, often in association with the production of il-1β and il-6 (121).

 high levels of il-1β are also associated with the secretion of angiogenic factors by 

tumor and stromal cells that promote growth lung carcinoma in vivo (144). il-6 is an in-

flammatory cytokine that is considered a key growth-promoting and anti-apoptotic factor. 

its target genes are all involved in cell cycle progression and suppression of apoptosis. 

moreover, il-6 is described to play a major role in multiple myeloma and high levels of 

il-6 may be associated with an increased risk of developing hodgkin lymphoma (128, 143). 

the pro-inflammatory cytokine il-8 may be involved in the promotion of tumor growth and 

metastasis of several tumor types as well. in addition, high levels of il-8 were detected in 

cancers of the central nervous system (143).    

 il-12 and il-23 are both pro-inflammatory heterodimeric cytokines that are composed 

of il-12p40/il-12p35 and il-23p40/il-23p19 subunits, respectively. these cytokines are 

mainly produced by activated apc and dc and bind to their receptors on t-cells, nK-cells 

and nKt cells. il-12 plays an important role in anti-tumor immunity based on its ability to 

promote th1 adaptive immunity and ctl responses. moreover, il-12 induces high levels 

of iFn-γ, which has a direct toxic effect on tumor cells and anti-angiogenic activity (128, 

145). il-23 can even enhance the production of il-12 and iFn-γ and is able to increase the 

proliferation of memory t-cells. by contrast, m2 macrophages down-regulate the produc-

tion of the pro-inflammatory cytokines tnF-α, il-6, il-8, il-1β, il-12 and il-23, whereas 

they induce the production of il-10 and tgF-β (141). il-10 is a th2-derived cytokine, but 

can also be produced by treg-cells. it plays an important role in the inhibition of the inflam-

matory responses by the suppression of activated immune cells. accordingly, il-10 is in-

volved in the reduction of antigen presentation by apc, it can inhibit th1-mediated immune 

responses and can suppress the function of nK cells and macrophages (124). similarly, 

tgF-β is involved in the inhibition of inflammatory responses, but plays a major role in the 

regulation of treg proliferation and function as well. in accordance to that, tgF-β can in-

hibit the growth of many cell types, including immune cells and tumor cells. paradoxically, 

tgF-β can contribute to the immune suppressive effects of the tumor as well, eventually 

leading to the induction of inflammation (124).

chemokines

 inflammatory cytokines are the major inducers of chemo-attractant molecules called 

chemokines. chemokines have initially been described as potent attractants for leukocytes 

such as neutrophils and monocytes, and therefore are generally regarded as mediators of 

acute and chronic inflammation. chemokines can be classified into “homeostatic” or “in-

flammatory” chemokines (121, 143). homeostatic chemokines are constitutively expressed 

and regulate leukocyte attraction during immune surveillance, whereas the inflammatory 
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chemokines (vast majority) are inducible and control the recruitment of cells to sites of 

inflammation (146, 147). moreover, despite the similar structure, the different chemokines 

can elicit other distinct cellular responses, regulated via different pathways. accordingly, 

cancer cells must both provide and derive signals in order to recruit cells, modulate an-

giogenesis, and stimulate proliferation and survival of tumor cells, eventually leading to 

cancer progression and metastasis (147). 

in this regard, chemokines are responsible for the recruitment of a number of different 

cell types to the tumor microenvironment, including tam, mdsc, neutrophils, lymphocytes, 

fibroblasts and endothelial cells. in addition, these infiltrating cells produce a secondary 

source of chemokines that are able to affect tumor growth and survival (146). For example, 

macrophages are recruited to the tumor site by ccl2 (mcp-1), which is observed in many 

cancer types, including breast cancer, pancreas cancer, lung cancer, cervix cancer, ovary 

cancer, melanomas and sarcomas, but ccl2 also play an important role in angiogenesis 

(147, 148). in addition, ccl5 (rantes) produced by mdsc upon contact with breast cancer 

cells, is able to promote metastasis to the lung and both ccl2 and ccl5 expression levels 

might be related to advanced disease, early relapse and poor prognosis (124, 147, 149, 150).  

in the tumor microenvironment, tgF-β can induce a so-called n2 state in local neutrophils, 

leading to an increased expression of arginase and ccl2 and ccl5 that contributes to the 

suppressive state of the immune system (146).

prostaglandin e2

 prostaglandin e2 (pge2) is a lipid-derived mediator that contributes to the inflamma-

tory state and immune suppression during the course of cancer (114, 151). it is involved in 

several human malignancies including colon, lung, breast and head and neck cancer and is 

produced during inflammation in response to growth factors, hormones and inflammatory 

cytokines (126, 142, 151). pge2 is produced by the enzyme cyclooxygenase (coX)-2, using 

the polyunsaturated fatty acid (puFa) arachidonic acid (aa) as substrate. it is produced by 

various types of cancer cells and their surrounding cells, leading to a range of oncogenic 

effects including stimulation of cell proliferation, protection against apoptosis, and induc-

tion of migration and invasion (124, 152). in addition, it can induce epithelial cells to secrete 

growth factors, pro-inflammatory mediators and angiogenic factors, switching a normal 

microenvironment to a tumor-supporting environment (126, 133, 151). pro-inflammatory 

pge2 produced by tumor epithelial cells and/or their surrounding stromal cells induces 

immunosuppression through several mechanisms. First of all, pge2 can down regulate 

anti-tumor th1 cytokines and up regulate immunosuppressive th2 cytokines. moreover, 

pge2 is able to inhibit cd8+ t-cell proliferation and activity, suppress the anti-tumor activity 

of nK-cells and stimulate the expansion of treg-cells and mdscs. Furthermore, pge2 can 

inhibit cd8+ t-cell anti-tumor functions by impairing the ability of tumor cells to directly 

present tumor antigen, inhibit dc differentiation and switch the function of dc from induc-

tion of immunity to t cell tolerance (Figure 8). 
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pge2 contributes to the shift of the tumor microenvironment from an anti-tumor th1 re-

sponse to an immunosuppressive th2 response by down regulating th1 cytokines (iFn-γ, 

tnF-α and il-2) and up regulating th2 cytokines (il-4, il-6 and il-10) and has a clear role 

in the regulation of immune suppression (114, 126). another mechanism by which pge2 

is involved in the inflammation promoting tumor progression is through the induction of 

mdsc (126, 142). pge2 can act as a chemotactic factor for mdscs and therefore regulate 

the recruitment of these cells to the tumor (133, 153). in turn, mdscs can produce pge2 by 

themselves, thereby maintaining the inflammatory vicious circle (126, 151). 

chronic inFlammation and severe immune suppression: a paradoX

 in summary of the immune responses during the course of cancer, as previously men-

tioned; an acute inflammatory reaction occurred initially with the recruitment of several 

immune cells and the production of a large variety of inflammatory mediators to initiate 

an effective anti-tumor response (Figure 9). however, during progressive tumor develop-

ment, these inflammatory reactions become chronic and the interactions between innate 

and adaptive immune responses become disturbed. still, immune cells are recruited and 

figure 8  the role of pge2 in the regulation of immune suppression, adapted from wang et al (126).

!
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inflammatory mediators are produced, however, leading to a switch from an anti-tumor to 

a tumor-promoting setting, accompanied paradoxically by a state of immune suppression 

(127, 140, 141, 154).

 as a consequence of the chronic inflammatory state and reduced immune responsive-

ness in advanced disease, angiogenesis is stimulated and tumor cells can metastasize to 

other parts of the body (121, 123). moreover, a significant correlation between circulating 

mdsc and clinical cancer stage was described in newly diagnosed solid tumor patients 

(stages i-iv). among stage iv patients, those with extensive metastatic tumor burden had 

the highest percent and absolute number of mdsc (155). in addition, elevated serum crp 

levels were associated with a reduced survival time and increase with the progression of 

the disease (156).

 impaired function of the immune system can lead to severe (infectious) complications 

and even to delayed or suboptimal anti-cancer treatment, ultimately resulting in a de-

creased quality of life and even reduced survival rates in the patients (68, 77, 83, 114, 115). 
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figure 9 the immune system during carcinogenesis, presenting an anti-tumor response in the early stages towards  
  a pro-tumor response and chronic inflammation during the later stages.
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NutrItIoNal SuPPort
 as previously discussed, many cancer patients suffer from cachexia during the course 

of their disease. immune suppression is closely related to the presence of cachexia in these 

patients leading to disease progression, increased (infectious) complications and a delayed 

or suboptimal treatment regimen resulting in a reduced quality of life and a poor prog-

nosis (58, 67, 68, 114, 115). moreover, cachectic cancer patients have been described to 

develop a reduced functional capacity and performance status caused by reduced muscle 

function (58, 72, 116). to provide optimal treatment support for these patients, nutritional 

support plays an important role in disease management. sufficient amounts of energy and 

nutrients can be provided in order to preserve or restore an adequate nutritional status 

(74, 76). this is an important step in the recovery of the patients and to tolerate aggressive 

therapeutic regimens, since the presence of cachexia is described to affect both treatment 

toxicity and survival (74, 157). 

 these cancer-related weight loss and other cachexia features can however, not be  

reverted by simple nutrient provision, which is in contrast by the weight loss induced after 

simple starvation. in cancer patients, a multidisciplinary approach should be applied in which 

nutritional intervention is recommended as an integral part of anti-cancer therapy (74). 

however, recent findings suggest that impaired immune responsiveness and muscle protein 

degradation may already occur before the onset of weight loss (74, 75). early nutritional and 

metabolic intervention is therefore important to effectively manage both nutritional status 

and physical conditions in cancer patients. therefore, a multi-disciplinary approach is re- 

commended, which is initiated at the moment of diagnosis and continues in parallel to the 

pathway of cancer therapies (74).

 a first key step in nutritional support is to identify patients who might benefit by routine 

screening using a thorough nutritional assessment by a dietician. this will include the de-
termination of the severity and causes of malnutrition, risk of treatment-related complica-
tions and (expected) efficacy of nutritional support. nutritional assessment must be com-
bined with a careful evaluation of performance status and quality of life, so that nutritional 
management is correctly adapted to the patient’s real needs and entails a minimum of 
constraints (74, 76). afterwards, an individual nutritional support plan has to be developed, 
since no single nutritional therapy is applicable for all cancer patients. accordingly, a nu-
tritional support plan should be tailored to the patient’s individual needs, nutritional status, 
dietary restrictions, tolerance and feasibility, gastrointestinal function, medical condition 
and the current and expected side effects of treatment (158).  
 in practice, patients can be supported by different types of nutrition, including dietary 
counseling, oral nutritional supplements (ons), enteral nutrition or parenteral nutrition. 

dietarY counseling
 if nutritional intake is inadequate, dietary counseling is an important first step in nu-

tritional support. dieticians and nurses play a major role in dietary counseling offering 

the cancer patients information and advice in order to improve their food intake via nor-

mal foods and beverages or via oral nutritional supplements (159). it appears that, dietary 

counseling is important enabling an optimal anti-cancer treatment, since in patients with  

colorectal cancer receiving radiotherapy, clinical outcomes such as complications and 
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quality of life were improved, probably as a result of an increased overall dietary intake, 

including protein (158, 160). accordingly, regular contact between the healthcare profes-

sional and the patient is important, since regular nutritional assessment and dietary advice 

may beneficially affect their compliance. moreover, the use of a diary by patients or their 

families, to record food intake and factors that influence their appetite, can have a positive 

influence as well. accordingly, a shift in eating patterns can be recognized in an early stage 

and is a useful tool for nurses to involve a dietician when additional support is needed (84, 

158, 161).

oral nutritional supplements

 oral nutritional supplements (ons) can be provided when oral protein-calorie intake is 

insufficient and patients are unable to meet their nutritional requirements, despite dietary 

counseling (76, 158). ons is a relatively simple and less invasive method of increasing nu-

tritional intake of the patients and the success of ons depends on sufficient quantities be-

ing consumed over an extended period of time. in general, many ons are available, varying 

in the type and amount of protein, energy density, osmolarity, lactose and gluten content 

and in vitamin and mineral content. in addition, specific nutritional ingredients can be ad- 

ded to the product, each with their own features, focusing on specific physiological targets 

(e.g. n-3 puFa,  leucine, beta-hydroxy-betamethylbutyrate, arginine, glutamine and fibers). 

beneficiall effects of ons include an increased protein and energy intake, reduced weight 

loss and improved weight gain, improved appetite, decreased gi toxicity and an improved 

performance status. moreover, increased immune responses and an improved quality of 

life were reported in patients using ons (93, 162-170).  in addition, ons are available in 

different commercial formulations, from liquid and powder to soup and even ice-creams, 

but the flavors of the different products play a major role as well, since taste fatigue is the 

major drawback of ons. however, the use of ons is also determined by their costs and 

reimbursement. in many countries ons are reimbursed, but in others oral supplementa-

tion is still considered as a comfort measure and not as a medication (76).

tuBe feedINg aNd total PareNteral NutrItIoN

 enteral tube feeding (tF) is appropriate for patients who are unable to meet their nutri-

tional requirements by oral intake through the diet or ons, but who have retained, at least 

partly, gi function. tF is indicated in patients with an incapacity or limited ability to eat, as 

a result of dysphagia, upper gi obstruction, partial lower gi obstruction or central nervous 

system pathology (158). moreover, tF is also provided when patients suffer from increased 

nutritional losses due to impaired digestion and absorption. enteral tF can be adminis-

tered into multiple sites of the gi tract, depending on the functional status and the safety 

of accessing the gastrointestinal tract, and the risk of aspiration (171). in total parenteral 

nutrition (tpn), nutrition is provided through a catheter in the bloodstream. parenteral 

nutrition does not use the digestive system and may be given to people who are unable to 

absorb nutrients through the intestinal tract because of severe vomiting, severe diarrhea, 

or intestinal disease. it may also be given to patients undergoing high-dose chemotherapy 

or radiation and /or bone marrow transplantation. it is possible to give all of the proteins, 

calories, vitamins and minerals a person needs using tpn (158, 172-175).



35

tImINg of NutrItIoNal SuPPort

 as previously described, cachexia is an important risk factor in the disease process 

of cancer patients. however, it is also recognized as a significant source of postopera-

tive morbidity and to aggravate toxicity of chemotherapy and radiotherapy, resulting in in-

creased length of hospital stay, increased treatment costs, decreased performance status 

and  quality of life (176). consequently, early provision of nutritional support is essential 

in order to prevent rather than reverse the severe catabolic state in these patients (159). 

moreover, beneficial effects have been described using nutritional support during chemo-

therapy, showing that n-3 fatty acids are able to enhance the efficacy of chemotherapy 

(177-179). Furthermore, nutritional support before, during and/or after surgery and radio-

therapy, can contribute to the overall condition of the patient by improving the nutritional 

status, reducing complications and improving quality of life (176, 180). additionally, when 

patients gain in weight and have a better immunological and overall performance status, 

higher doses of chemotherapy and radiotherapy can be provided, increasing the chance of 

survival. consequently, supportive care, upon indication, should be provided at the earliest 

time-point possible, to maximize the chance of reducing disease progression, reducing the 

frequency and severity of complications and improving treatment adherence (74, 75, 159, 

176).

guIdelINeS 

 the evidence that shows the efficacy of nutritional support, has strongly increased with-

in the last decades. For that reason, the european society for clinical nutrition and me-

tabolism (espen) has decided to publish guidelines with recommendations for nutritional 

support in cancer patients (181). these guidelines form a consensus document designed by 

a group of experts providing evidence-based information regarding specific problems like 

timing, dosing, composition and route of application. the general indication and efficacy 

of ons in patients who cannot fulfill their nutritional needs adequately is therefore well 

established and the whole consensus group strongly agreed on this, however results may 

vary according to diagnosis, prior nutritional status, age, technical adequacy of treatment 

and patient selection (individual characteristics). below a summary is presented of the 

guidelines for both non-surgical patients and surgical cancer patients (182, 183).
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in summary, the type of nutritional intervention of cancer patients depends on many fac-

tors, including: nutritional requirements, nutritional status, medical condition, gi function, 

current and expected side effects of treatment that may affect nutritional status, oral in-

take, dietary restrictions and tolerance.
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table 1 summary of guidelines for non-surgical cancer patients (182).
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dISeaSe-SPeCIfIC NutrItIoNal SuPPort

 as prescribed by the guidelines and can be concluded from the literature, a standard 

protein formula can lead to reduced weight loss in cancer patients. in a study in oropha-

ryngeal cancer patients receiving chemoradiation or radiotherapy, individualized dietary 
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table 2 summary of guidelines for surgical patients including cancer patients (183).
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counseling including encouraged ons use resulted in a reduced body weight loss (184). 

moreover, in a post-operative setting in mostly cancer patients, a hospital diet ad lib and 

ons use reduced weight loss significantly. this effect was only observed when the patients 

were still in the hospital, whereas in the out-patient setting, no effect was observed of ons 

(185).  by contrast, in cancer patients receiving radiotherapy, dietary counseling and ons 

supplementation stabilized weight in outpatients during a 12 week intervention (186). 

 however, to obtain more pronounced effects or to achieve weight gain, and to provide 

nutritional support in a disease specific setting, provision of protein and energy is not suffi-

cient. For that reason specific nutrients have to be added in order to affect the broad range 

of problems including several metabolic alterations, inflammation and reduced immune 

responsiveness. in the literature some studies were described demonstrating beneficial 

effects on the immune system after nutritional support containing n-3 puFa, vitamin e or 

arginine. 

 in a study with sixty patients with generalized solid tumors, immune function was sup-

pressed in malnourished patients compared to healthy controls as measured by the ratio of 

cd4+/ cd8+ t-cells and a reduced tnF-α production in lps-stimulated mononuclear cells. 

nutritional intervention with either 18 g fish oil (providing 3.1 g eicosapentaenoic acid (epa) 

and 2.1 docosahexaenoic acid (dha) daily) and 200 mg vitamin e daily, resulted in immune 
modulatory effects by increasing the cd4+/cd8+ ratio in malnourished patients and an en-

hanced tnF-α production in lps-stimulated mononuclear cells. consequently, n-3 puFa 
reversed immunodeficiency and seemed to prolong the survival of malnourished cancer 
patients (187). moreover, in a 4-week study in six consecutive patients with unresectable 
carcinoma of the pancreas, receiving high purity epa in a dose of 1 g/day in week 1, 2 g/day 
in week 2, 4 g /day in week 3 and 6 g/day in week 4, serum crp levels were significantly 

reduced compared to baseline (p < 0.05). moreover, il-6 production in lps-stimulated 
peripheral blood mononuclear cells (pbmc) was significantly decreased after 4 weeks of 
intervention (188). in a study in esophageal patients after surgery, subjects received 1.8 g 
epa/day orally or enterally in addition to tpn with a soybean oil emulsion. postoperative 
levels of serum il-6 were significantly reduced compared with patients receiving only the 
tpn with soybean oil emulsion. moreover, intervention with epa and soybean oil emulsion 
significantly improved lymphocyte proliferation and nK-cell activity on postoperative day 21 
(189). when combining n-3 fatty acids with arginine in an immune-enhancing diet, provided 
to sixty patients with gastric cancer compared to a standard formula, this even resulted in 
attenuation of the inflammatory response and a lower incidence and duration of postopera-

tive infectious complications (p < 0.05) (190).

SPeCIfIC NutrItIoNal ComBINatIoN 
 to provide the optimal treatment support for cancer patients, thereby reducing the in-
flammatory state, supporting immune function, and preserving muscle mass and function, 
recently a specific nutritional combination has been developed. this specific nutritional 
combination is high in protein and leucine and is enriched with emulsified fish oil (contain-

ing eicosapentaenoic acid (epa) and docosahexaenoic acid (dha)) and a specific oligosac-

charide mixture. these ingredients were identified by literature search and selected from 

extensive previous in vitro and in vivo studies. 
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high protein and leucine

 high protein and the branched chain amino acid (bcaa) leucine have been selected 

because of their potential to influence in protein metabolism in cancer patients and they 

may in combination with fish oil have a positive effect on skeletal muscle function, lean 

body mass and daily activity. leucine has been selected to provide an anabolic trigger for 

muscle protein synthesis and high levels of protein were selected in order to provide suf-

ficient amounts of protein building blocks (191, 192). in addition, in cancer patients bcaa 

supplementation after surgery demonstrated a reduction in length of hospital stay, a better 

performance status at 3 months and an increased body weight at 1 year after major sur-

gery (193, 194). in patients receiving chemotherapy, bcaa supplementation for up to 1 year 

after the chemotherapy treatment, resulted in decreased overall morbidity, and improved 

nutritional status and quality of life (195). 

 the acute effect of the specific nutritional combination as application in a medical food 

on muscle protein synthesis has recently been shown in a clinical study in catabolic cancer 

patients with involuntary weight loss (196) and the effects on muscle mass and function 

have been demonstrated in previous pre-clinical studies using an animal model of tumor 

induced cachexia (197).

Fish oil (epa and dha)

 Fish oil is a generally used ingredient in immune-modulating nutritional interventions, 

containing the conditionally essential long-chain n-3 puFa epa and dha. these long chain 

n-3 puFa play a major role in the regulation of immune responses and inflammation du- 

ring cancer (198, 199). increased consumption of n-3 puFa results in their incorporation 

into inflammatory cell phospholipids, which occur in a dose-response fashion and will be 

more efficient by the use of pre-emulsified fish oil (200, 201). this incorporation is partly at 

the expense of the n-6 puFa arachidonic acid (aa), although levels of other n-6 puFa are 

decreased as well (Figure 10). subsequently, a decreased amount of aa will lead to a de-

creased synthesis of aa-derived eicosanoids by the enzyme coX-2, including the reduced 

production of pge2, which might be beneficial for cancer patients. moreover, the n-3 puFa 

reduce the production of pro-inflammatory cytokines as tnF-α, il-1β, il-6 and il-8 by 

several mechanisms and may positively influence the cancer cachectic state (198). clinical 

evidence suggest that nutritional intervention with n-3 puFa beneficially affects nutritional 

status during multimodality treatment in patients with non-small cell lung cancer (170) and 

reduces the loss of weight and lean tissue in pancreatic cancer patients (202) and in patients 

following esophageal cancer surgery (203). moreover, in studies with pancreatic cancer 

patients, the use of epa-enriched interventions was described to reduce serum levels of 

crp and il-6 production by pbmc (167, 188). epa also appears to have immune enhancing 

effects, including a stimulation of lymphocyte proliferation and nK-cell activity in patients 

after surgery for esophageal cancer (189, 204). consequently, these anti-cachectic, anti-

inflammatory and immune supporting effects have been shown to translate into improved 

clinical outcomes (158), since nutritional intervention with n-3 puFa was associated with a 

reduction in (infectious) complications, an improved performance status, improved quality 

of life and prolonged survival (158, 187, 202, 205). however, results are not consistent for 
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all cancer populations, therefore, further studies are required to confirm these findings in 

different cancer groups, but the combination with other nutritional ingredients might also 

lead to more obvious effects on clinical outcome (158, 206, 207).

specific oligosaccharides (gos/Fos)

 the use of non-digestible carbohydrates, especially of prebiotic oligosaccharides, is 

based on the immuno-modulating activities observed in several animal experiments and 

clinical trials as reviewed by vos et al (208). moreover, these prebiotic oligosaccharides 

also have been associated with other health benefits, including an improved gut barrier 

function (209). this might be the result of intestinal lactate and scFa production, inclu- 

ding butyrate, acetate, and propionate, formed by the fermentation of the oligosaccharides 

by the colonic microbiota, which can contribute to a restoration of the intestinal barrier 

function (208, 210, 211). accordingly, a reduced ph in the intestinal lumen can lead to the 

inhibition of pathogen growth and adhesion. Furthermore, the fermentation of the specific 

oligosaccharides can stimulate the growth of beneficial bacteria such as bifidobacteria 

and lactobacilli, which in turn can inhibit pathogens by the production of antimicrobial 

substances (208, 212). thus, the specific oligosaccharides can modulate the immune sy- 

stem via a microbiota-dependent (prebiotic) mechanism, but they may also directly affect 

immune function by blocking or activating specific receptors on immune cells, leading to 

improved immune responses and eventually to enhanced resistance to systemic infections. 
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figure 10 metabolism of n-6 and n-3 puFa and the subsequent production of prostaglandins
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in an influenza vaccination model in healthy c57bl/6 mice, a specific mixture of oligo-

saccharides stimulated the vaccine-specific delayed-type hypersensitivity response as a 

marker for t-helper 1 (th1) immunity (213). enhancing systemic th1-dependent adaptive 

immune responses would lead in theory to better immune responses against infections

that have been confirmed in clinical trials in infants (214, 215).

 in cancer patients, only a few studies examined the effect of prebiotics and most of 

them look at their preventive capacities. accordingly, mechanisms for beneficial effects of 

prebiotics might include changing the activity of exogenous carcinogens through modula- 

ting metabolic activation and/or detoxification, or stimulating the production of scFa such 

as butyrate (216, 217). in addition, modern analytical techniques suggest that an important 

consequence of a modified bacterial community could be a change in the expression not 

only of a range of different bacterial genes in bowel contents, but also in the bowel mucosa 

of the host. analogous with observations with probiotics, the stimulation of cytokines and 

modification of immune responses could be important in producing beneficial effects (217). 

however, the beneficial effects of the specific oligosaccharides mixture in cancer patients 

might decrease the incidence and severity of secondary infections as well. moreover, they 

can contribute to the reduction of the inflammatory state and improve the gut barrier func-

tion in cancer patients dealing with chemotherapy-induced damage of the gi tract. 

 as described, each of the ingredients in the specific nutritional combination play a spe-

cific role, but overlapping biological activities and synergistic interactions between them 

eventually lead to a multi-target approach.  together these features might reduce inflam-

mation, support immune function, improve the nutritional status, and preserve muscle 

mass and function, leading to reduced (infectious) complications, enhanced performance 

status and improved quality of life, with the ultimate goal to provide optimal treatment sup-

port to cancer patients.

ComPlIaNCe aNd PalataBIlIty

 the success of nutritional support depends, besides its composition, on sufficient 

quantities being consumed over an extended period of time (158, 218). bauer et al demon-

strated that patients who are compliant with the prescribed amount of nutritional supple-

mentation showed improved nutrition related outcomes (219). this was in agreement with 

a study, which demonstrated an increase in lean body mass only in these patients who 

were compliant with the daily recommended dose (202). accordingly, the palatability of a 

nutritional supplement is important to reach a high level of compliance and is thus a key 

factor in effectiveness. taste alterations are common in patients with cancer (76, 220). the 

changes in taste and smell can be the result of the disease itself and/or its treatments and 

can vary from food tasting like cardboard or sandpaper to food tasting too salty, sweet, sour 

or bitter (161, 221, 222). in a study of wickham et al, 193 out of 284 patients (68%) undergo-

ing chemotherapy reported taste changes. the most reported changes were loss of taste 

acuity, changes in threshold and metallic aftertaste (161). acceptability and palatability of a 

nutritional supplementation is extremely important in its effectiveness and the flavor of the 

nutritional supplement should therefore be adjusted to the preference of cancer patients. 
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aIm aNd outlINe of the theSIS
 cancer is an important cause of morbidity and mortality worldwide. as was described 

in Chapter 1, it is a complex set of conditions and factors that can affect the clinical course, 

including the type and stage of the tumor, individual characteristics, anti-cancer treat-

ment and the presence of cancer cachexia. cachexia is a major problem in many cancer 

patients resulting in a chronic inflammatory state and impaired immune responsiveness. 

moreover, cancer patients are described to have a reduced functional capacity and perfor-

mance status due to reduced muscle function. together, these factors may lead to disease 

progression, increased complications and a delayed or suboptimal treatment regimen re-

sulting in a reduced quality of life and a poor prognosis. accordingly, nutritional support is 

recommended as an integral part of anti-cancer therapy (74). For that reason, a specific 

nutritional combination has been developed for application in cancer patients. this concept 

is high in protein and leucine and is enriched with emulsified fish oil (containing epa and 

dha) and a specific oligosaccharide mixture and is designed to reduce complications and 

to provide optimal treatment support by reducing the inflammatory state, supporting im-

mune function, and preserving muscle mass and function.

 in order to get insight into the efficacy of nutritional ingredients, a recently modified 

and validated animal model for cancer cachexia was used, based on the colon-26 tumor 

model, in which parameters of immune function were measured as well. in Chapter 2, im-

mune suppression during the course of the cachexia process was studied to identify poten-

tial early risk factors. the results indicated that immune function was already suppressed 

before weight loss was apparent. providing nutritional support as early as possible, pre- 

ferably starting at diagnosis and running parallel to the pathway of anti-cancer therapies 

might therefore be of high importance to support immune function and to reduce inflam-

mation and other cachexia features. to evaluate the potential benefits of specific nutritional 

support for immune competence, the effects of the individual ingredients as well as of the 

complete mixture of ingredients of the specific nutritional combination (snc) were inves-

tigated on inflammatory status, immune function and on different parameters of cachexia 

in the colon-26 tumor model (Chapter 3). only the combination of ingredients appeared to 

reduce the inflammatory state and improve th1-mediated immune function in this early 

phase compared to an iso-caloric control diet. to translate these beneficial immune modu-

latory effects to a setting investigating the resistance to infections with a relevant living 

pathogen, the effects of the snc on pseudomonas aeruginosa infections was studied in a 

model for chemotherapy-induced neutropenia, dealing with severe immune suppression 

(Chapter 4). this resembles the situation in humans suffering from chemotherapy-induced 

infectious complications, which have been associated with a higher morbidity and morta- 

lity in advanced disease. infections were measured by the incidence and severity of bacte-

rial translocation to liver and lungs and confirmed by plasma levels of pro-inflammatory  

cytokines.

 the next step to a clinical application in cancer patients is to study the efficacy as well 

as the safety of the specific nutritional combination in a medical food in healthy volunteers, 

in which immune function was measured by the ex vivo immune responsiveness to lps in 

whole blood cultures (Chapter 5). an additional objective of this study was to investigate 
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the incorporation kinetics of epa and dha (from fish-oil) into white blood cell phospholipids 

within one week of intervention, since a rapid and effective incorporation of these n-3 puFa 

might be very important for cancer patients starting a treatment regimen as soon as pos-

sible after diagnosis. consequently, it may be beneficial to supply a fast-acting product to 

patients to reduce complications and provide optimal treatment support.

 in Chapter 6, the effect of a 4-week nutritional intervention with the specific medical 

food on immune function was investigated in an early phase in a group of newly diagnosed 

esophageal cancer patients before the start of anti-cancer therapy. in this exploratory 

study, the group receiving the specific medical food was compared with a control group 

that received routine nutritional support. secondary objectives were to assess the effects 

of the medical food on parameters of inflammation, nutritional status, product palatability 

and safety. data on immune function, inflammation and nutritional status of healthy volun-

teers were obtained to compare baseline values and allow an adequate interpretation of the 

data. 

 however, the risk of immune suppression is even higher after anti-cancer treatment lea- 

ding to a reduced treatment efficacy and a higher frequency and severity of infectious and 

other complications. therefore, the aim of the study presented in Chapter 7 was to investi-

gate the rapid-acting effects of the medical food in cancer patients receiving radiotherapy. 

epa and dha incorporation into white blood cell phospholipids and the subsequent chan- 

ges on parameters of immune function were analyzed and compared with the effects of 

an iso-caloric and iso-nitrogenous control product. secondary objectives of the study were 

to assess the effects of the medical food on inflammatory status, nutritional status, safety 

and compliance.

 Finally, this thesis is summarized in Chapter 8 and conclusions are drawn on the out-

come and the translation from pre-clinical to clinical data. subsequently, recommenda-

tions for additional research have been provided in order to investigate the possibility for 

an application in cancer patients as an integral part of disease management to provide 

optimal treatment support. 

*a medical food is in usa defined in 21 u.s.c. § 360ee(b)(3) as ‘‘a food which is formulated 

to be consumed or administered enterally under the supervision of a physician and which 

is intended for the specific dietary management of a disease or condition for which distinc-

tive nutritional requirements, based on recognizable scientific principles, are established 

by medical evaluation’’ (223). a comparable definition exists in the harmonized legislation 

of the european union (cf. article 1, 2(b) of commission directive 1999/21/ec of 25 march 

1999 on dietary foods for special medical purposes).
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56 aBStraCt 

 cachexia and chronic inflammation are major challenges for cancer patients, leading 

to serious consequences. accordingly, it is of high clinical relevance to identify early risk 

factors for optimal treatment, as these are currently not available. the present study de- 

monstrates a strong decline in contact hypersensitivity, a parameter for cell-mediated im-

munity, in tumor-bearing cachectic mice. interestingly, a significant reduction was already 

observed during the pre-cachectic state, reflecting an impaired immune function prior to 

weight loss. extrapolating to the human setting, reduced immune competence of cancer 

patients could serve as an early marker for cancer cachexia, enabling an early supportive 

care strategy.
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INtroduCtIoN
 cancer cachexia occurs in the majority of cancer patients and is a major contributor 

to morbidity and mortality in advanced disease (1, 2). although there is still debate on the  

definition of cachexia, characteristics of this chronic condition of catabolism include, pro-

gressive, involuntary weight loss, wasting, anorexia, asthenia and fatigue (1-3). tumor-de-

rived factors, therapeutic strategies, but also nutritional status, age and even stress and 

depression are involved in this process, resulting in a chronic inflammatory state and im-

paired immune responsiveness (1, 4, 5). 

 immune suppression is a major problem in these cancer patients leading to disease 

progression, increased complications and a delayed or suboptimal treatment protocol (e.g. 

surgery, chemotherapy, radiotherapy) resulting in a reduced quality of life and a poor prog-

nosis (4-7). the dysfunction of the immune system involves multiple mechanisms and is in 

humans characterized by a reduction of monocyte-, macrophage- and dendritic cell (dc)-

function and nK-cell activity,  leading to an increased risk of infections and a poor clinical 

outcome (4, 5, 8, 9). 

 prevention and treatment of cancer cachexia should be recognized as an integral part 

of cancer therapy. it might stop or reverse the nutritional decline and counteract dysfunc-

tion of the immune system in order to improve clinical outcome and quality of life (10, 

11). however, recent findings show that significant metabolic, biochemical and molecular 

changes on muscle proteolysis already occur in patients before any evidence of body weight 

loss (12). consequently, it is of high clinical relevance to investigate the appearance of im-

mune suppression in the course of the cachexia process as well, in order to identify early 

risk factors.    

 a recently modified c26 tumor model was used to study the cachectic process and 

immune competence. cachexia was induced by inoculation of murine colon adenocarci-

noma (c26) cells in syngenic cd2F1 mice leading to several cachectic features (13-17). to 

measure immune competence contact hypersensitivity (chs) towards oxazolone was mea-

sured as a validated in vivo parameter for th1-mediated immune function. th1 immunity 

is involved in anti-tumor immune responses, but plays a pivotal role in the defence against 

infections with pathogenic bacteria and viruses as well. chs was measured at two time 

points during the study, to observe changes in the immune status in a pre-cachectic and a 

cachectic state of the mice. 

methodS 
aNImalS aNd dIetS

 six to seven-week old syngenic male cd2F1 mice (balb/c x dba/2) were obtained from 

harlan nederland (horst, the netherlands). all experimental procedures were approved by 

the animal experimental committee and complied with the principles of laboratory animal 

care. animals were housed individually in a climate-controlled animal care facility with a 

constant room temperature and humidity. all animals had free access to food and drinking 

water. upon arrival animals were acclimatized for one week and subsequently randomized 

on basis of bodyweight. the experiments were divided in: experiment a, designed to  
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investigate the effect on immune function in a pre-cachectic state and experiment b, de-

signed to investigate the effect on immune function in a cachectic state of the mice. in 

both experiments a and b, mice were divided into a control group (c) and a tumor-bearing 

group (tb). both groups received a control diet based on ain93-m (research diet services, 

wijk bij duurstede, the netherlands), supplied as pellets and contained per kg food: 126 g 

protein (100% casein), 727 g carbohydrates and 40 g fat (100% soy oil). 

exPerImeNtal deSIgN

 murine colon-26 adenocarcinoma cells were used to induce cachexia in mice. shortly, 

on day 0 tumor cells (5 x 105 cells in 0.2 ml) were inoculated, under general anaesthe-

sia (isoflurane/n2o/o2), subcutaneously into the right inguinal flank of cd2F1 mice in the 

tumor-bearing group. animals in the control group received a sham injection with 0.2 ml 

hbss. body weight (bw), food intake and tumor size (length and width) were measured 

three times a week. to investigate effects on the immune system contact hypersensitivity 

(chs) against oxazolone was determined, as an in vivo model for cellular (th1 dependent) 

immunity (Figure 1). in experiment a, chs was measured in a pre-cachectic state of the 

mice, while in experiment b, chs was determined when the mice were already cachectic 

(Figure 1). briefly, on day 8 (experiment a) or day 15 (experiment b) all animals were sen-

sitized with 150 μl 3% oxazolone solution (4-ethoxymethylene-2-phenyl-2-oxazolin-5-one, 

sigma-aldrich chemie, Zwijndrecht, the netherlands, 300 mg in 7.5 ml 96% ethanol and 

2.5 ml acetone) applied on their shaved breast and abdomen. subsequently, at day 13 (ex-

periment a) or day 19 (experiment b) ear thickness was measured under general anaes-

thesia and all animals were hapten challenged with 25 μl 0.8% oxazolone solution (32 mg 

in 3 ml 96% ethanol and 1 ml acetone) topical to the ear pinnae. at day 14 (experiment a) or 

day 20 (experiment b) after tumor inoculation (24 hours after the challenge), ear swelling 

was measured under general anaesthesia to determine the th1 immune response. in both 

experiments a and b mice were sacrificed at day 20 and tumor, spleen, thymus, fat and 

skeletal muscles extensor digitorum longus (medl) and m. tibialis anterior (mta)) were 

dissected and weighed. 

 

 

 

 

 

 

 

  

 

 

 

  

 

 

 

            Day 0                                                         8                            13       14                                             20             

Tumor cell inoculation                   Sensibilization                       CHS 

A 

            Day 0                                                                                                             15                      19       20             

Tumor cell inoculation                                                                                           Sensibilization                    CHS 

B 

figure 1 experimental set-up. chs against oxazolone is measured in a pre-cachectic state at day 13/14 (a) and in a  
  cachectic state at day 19/20 (b).
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statIStICS

 all data were expressed as means ± sem. statistical analysis was performed using 

spss 12.0.1 (spss benelux, gorinchem, the netherlands). the effect of tumor inoculation 

was tested using a student’s t-test when data were normally distributed. a non-parametric 

mann whitney u test was performed when data were not normally distributed. differences 

were considered significant at p < 0.05. 

reSultS
 animals in both the control (c) and tumor-bearing (tb) group demonstrated a normal 

growth in bodyweight (bw) until day 14 (Figure 2). afterwards, a very strong reduction of bw 

was observed in the tb compared to the c group, which was statistically significant from 

day 17 (p < 0.05) to day 20 (p < 0.001, Figure 2). the tumor induced progressive cachectic 

state of the mice was confirmed by a significant reduction in carcass weight, fat weight and 

skeletal muscle weight at day 20 (p < 0.001, table 1), while food intake was not affected. at 

this time point cachectic mice demonstrated a very strong decline in immune competence 

as measured by chs (79.4%, p < 0.001, Figure 3). however, chs responses were not af-

fected in cachectic mice only, already during the pre-cachectic state a significant reduced 

ear swelling has been observed (27.0%, p < 0.01, Figure 3), reflecting an impaired immune 

function in tumor-bearing mice already prior to weight loss. 

 

figure 2 effects of tumor inoculation on body weight. left Y-axes: data represent means ± sem of bodyweight (gram)  
  in control (c) group (n=10) and tumor-bearing (tb) group (n=9) during the experiment. * significantly  
  different (p < 0.05) from control group (c), *** significantly different (p < 0.001) from control group (c).   
  right Y-axes: data represent means ± sem of tumor volume (cm3) in the tumor-bearing (tb) group (n=9)   
  during the experiment.
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dISCuSSIoN
 the reduced immune function at day 20 could be explained by the cachectic and chronic 

inflammatory state of the mice. the pro-inflammatory cytokines interleukin (il)-1β, il-6, 

tumor necrosis factor (tnF)-α and interferon (iFn)-γ and the eicosanoid pge2 play a major 

role in the impaired immune response to the tumor (1, 8), but also to pathogens leading 

to an increased number and severity of infections. at day 14, pro-inflammatory cytokines 

may already play a role in this process, but the absence of cachectic features suggests that 

other mechanisms are involved as well. animal studies, but also human clinical trials de-

Cachexia C TB 

Body weight (g) 25.7 ± 0.5 21.5 ± 0.6 *** 

Tumor weight (g) 0.0 ± 0.0 2.6 ± 0.2 *** 

Carcass weight (g) 25.7 ± 0.5 18.9 ± 0.5 *** 

Fat (g) 4.6 ± 0.3 2.5 ± 0.1 *** 

m. Extensor Digitorum Longus (mg) 12.1 ± 0.5 7.8 ± 0.4 *** 

m. Tibialis Anterior (mg) 46.8 ± 1.2 32.2 ± 0.9 *** 

Immune C TB 

Thymus weight (mg) 34.3 ± 2.4 18.4 ± 1.6 *** 

Spleen weight (mg) 115.5 ± 4.8 225.1 ± 18.4 *** 

!

!

figure 3 effects of tumor inoculation on contact hypersensitivity in pre-cachectic and cachectic mice. data  
  represent means ± sem of ear swelling in control (c) group (n=10) and tumor-bearing (tb) group (n=9) at  
  day 14 (pre-cachectic state) and day 20 (cachectic state). ** significantly different (p < 0.01) from control  
  group (c), *** significantly different (p < 0.001) from control group (c). 

data represent means ± sem of control (c) group (n=10) and tumor-bearing (tb) group (n=9). *** significantly different  
(p < 0.001) from control group (c). 

table 1 physiological cachexia and immune parameters at day 20. 
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scribe the presence of myeloid cells involved in the initiation of the inflammatory process. 

circulating monocytes are recruited to the tumor site by inflammation associated chemo- 

kines and cytokines and differentiate into tumor-associated macrophages (tam) (8, 18). 

tam exacerbate the inflammatory response at the tumor environment, further driving for-

ward the malignancy cascade (8). recent published data describe the relationship between 

inflammation and metastasis as well (19). simultaneously, a population of suppressor cells 

called myeloid derived suppressor cells (mdsc) is induced by pro-inflammatory cytokines 

(18, 20). mdsc are found in many patients and experimental animals with cancer and cause 

a profound immune suppression (20).

 the currently presented effects on immune function prior to weight loss may have im-

portant clinical implications when extrapolated to the human setting. because the lack of 

biomarkers of a pre-cachectic state, immune function parameters, such as chs, could 

serve as an early predictive marker for cancer cachexia which can be measured in cancer 

patients at risk for cachexia. the possibility to implement such an early marker would 

consequently enable an early supportive care strategy in these patients including specific 

nutritional interventions. the addition of immune modulatory ingredients might be an in-

teresting opportunity for intervention, leading to a reduced inflammatory state, improved 

immune responsiveness and consequently, an improved performance status (10). early 

provision of nutritional support might improve an effective management of cachexia re-

lated health factors as well. every cancer patient should be regarded as a potential can-

didate to develop immune dysfunction and other cachexia related features. therefore, a 

multi-disciplinary approach (12) is recommended, which is initiated at the moment of 

diagnosis and runs parallel to the pathway of cancer therapies (Figure 4).

 in conclusion, the immune competence of cancer patients should be monitored in 

early stages of the disease, since impaired immune function could serve as an early 

marker for cancer cachexia. consequently, supportive care should be provided at the ear- 

liest time point possible, to maximize the chance of reducing disease progression, reducing 

the frequency and severity of complications and improving treatment adherence.  

figure 4 supportive care strategy. proposed multi-disciplinary supportive care strategy, which is initiated at the  
  moment of diagnosis and runs parallel to the pathway of cancer therapies.

Palliative Care

DiagnosisCancer initiation Treatment

Supportive Care

Immune function: early sign of cancer cachexia

table 1 physiological cachexia and immune parameters at day 20. 
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66 aBStraCt 
 the majority of patients with advanced cancer are recognized by impaired immune 

competence influenced by several factors including type and stage of the tumor and pre- 

sence of cachexia. recently, a specific nutritional combination containing fish oil, specific 

oligosaccharide mixture, high protein content and leucine has been developed aimed to 

support the immune system of cancer patients in order to reduce the frequency and sever-

ity of (infectious) complications. in a recently modified animal model cachexia is induced by 

inoculation of c26 tumor cells in mice. in a pre-cachectic state, no effect was observed on 

contact hypersensitivity, a validated in vivo method to measure th1-mediated immune func-

tion, after adding the individual nutritional ingredients to the diet of tumor-bearing mice. 

however, the complete mixture resulted in significantly improved th1 immunity. moreover, 

in a cachectic state the complete mixture reduced plasma levels of pro-inflammatory cy-

tokines and beneficially affected ex vivo immune function. accordingly, the combination of 

the nutritional ingredients is required to obtain a synergistic effect leading to a reduced 

inflammatory state and improved immune competence. From this, it can be concluded that 

the specific nutritional combination has potential as immune supporting nutritional inter-

vention to reduce the risk of (infectious) complications in cancer patients.
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INtroduCtIoN
 cancer patients are recognized to be hampered by serious immune failures, especial-

ly patients with tumors of the head, neck, lung, esophagus, cervix and breast (1-3). se- 

veral underlying mechanisms of immune dysfunction have been described to affect innate 

and adaptive immunity, leading to a poorer clinical outcome (4-7). the degree of immune 

dysfunction depends on type and stage of the tumor, performance status, age, anti-tumor 

therapies, malnutrition and presence of cachexia (1, 8-11).

 cancer cachexia occurs in the majority of patients with advanced cancer. it is inversely 

correlated with the survival time of the patient and it always implies a poor prognosis (12-

16). cachexia is characterized by progressive, involuntary weight loss, wasting, anorexia, 

asthenia, fatigue and impaired immune function (10, 12, 17-19). it has been estimated to 

account for 10-30% of cancer deaths, but might also contribute to deaths by other causes 

such as opportunistic infections (20-22).

 several mediators that are either tumor- or host-derived, such as pro-inflammatory 

cytokines, eicosanoids and hormones, have been implicated in the pathogenesis of cancer 

cachexia (10, 12, 14, 23). the pro-inflammatory cytokines interleukin (il)-1β, il-6, tumor 

necrosis factor (tnF)-α and interferon (iFn)-γ (also called pro-cachectic cytokines) are 

thought to be responsible for the metabolic changes associated with cancer cachexia via 

different mechanisms (12, 17, 24, 25). these cytokines each play a specific role, but it has 

become clear that overlapping biological activities and synergistic interactions between 

them lead to a progressive cachectic state (10, 15, 17). an excessive amount of these cyto- 

kines, together with the major eicosanoid prostaglandin e2 (pge2), lead to impaired immune 

responses that have been characterized in vivo by a progressive decrease in delayed-type 

hypersensitivity to recall antigens and to dinitrochlorobenzene (dncb) (26-28). accordingly, 

a reduced ex vivo proliferation response of t-lymphocytes to mitogens has been reported 
(2, 29, 30). Functionally, this leads to a higher susceptibility to infections in cachectic pa-

tients (10, 31). 

 a good nutritional status is of major importance to maintain immune function in (pre-)

cachectic cancer patients(10). nutritional interventions should therefore be recognized as 

an integral part of cancer therapy in order to improve clinical outcomes and quality of life 

(32). early provision of nutritional support can stop or even reverse the decline in the nu-

tritional status and therefore prevent the development of malnutrition, and slow down the 

progression of cachexia (10, 33). this is expected to lead to a better response to therapy and 
fewer treatment-related complications. recently, a specific nutritional combination (snc) 

has been developed to support the immune system of catabolic cancer patients prior to the 

onset of weight loss or already suffering from cachexia in order to reduce the frequency 

and severity of (infectious) complications. the snc is based on four active nutritional ingre- 

dients: fish oil (Fo), specific oligosaccharide mixture (som), high protein content and leu-

cine (high protein/leucine), in which Fo and som have been selected for their potential 

effects on the immune system.   

 Fish oil is a generally used ingredient in immune modulating nutritional interventions, 

containing the conditionally essential long-chain n-3 polyunsaturated fatty acids (puFas) 

eicosapentaenoic acid (epa) and docosahexaenoic acid (dha). these long-chain n-3 puFas 

possess a wide range of anti-inflammatory activities, including decreased production of the 
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inflammatory mediator pge2 and the pro-inflammatory cytokines tnF-α, il-1β, il-6 and 

il-8 (34). in tumor-bearing rats n-3 puFas prevented the fall in bodyweight due to cachexia 

and as a consequence survival was increased significantly (35). clinical evidence of immune 

modulating activities of long-chain n-3 puFas exists (32), however generally without affec- 

ting systemic immune biomarkers (36). the optimal dose, formulation, relative contribu-

tions of epa and dha in fish oil and the target population remain yet to be defined (36, 37). 

the use of non-digestible carbohydrates (ndc), especially of prebiotic oligosaccharides, is 

based on the immune modulating activities observed in several animal experiments and 

clinical trials (38). in an influenza vaccination model in healthy c57bl/6 mice, a specific 

mixture of oligosaccharides stimulated the vaccine specific delayed-type hypersensitivity 

(dth) response as a marker for t-helper 1 (th1) immunity (39). enhancing systemic th1 

dependent adaptive immune responses would lead in theory to better immune responses 

against infections that has been confirmed by applications in clinical trials (40, 41).

 the addition of high protein and the branched chain amino acid (bcaa) leucine to the pro- 

duct focuses on alterations in protein metabolism in cancer patients and might in combi-

nation with fish oil have a positive effect on skeletal muscle function, lean body mass and 

daily activity (unpublished data). 

 in the present study, the effects of the individual nutritional ingredients Fo, som and high 

protein/leucine were investigated on inflammatory status, immune function and on diffe- 

rent parameters for cachexia. in addition, the effect of the complete mixture of these nu-

tritional ingredients was tested and compared with the individual ingredients. the experi-

ments were performed using a recently modified and validated animal model for cancer 

cachexia, based on the colon-26 tumor model, in which parameters of immune func-

tion can be quantified. in this model, cachexia is induced by inoculation of murine colon  

adenocacinoma (c26) cells in syngenic cd2F1 mice (42) leading to several cachectic fea-

tures (43-45). the model was extended by including several immune parameters: contact 

hypersensitivity (chs) against oxazolone was measured in a pre-cachectic state as an in 
vivo parameter for th1-mediated immune function. in addition, several ex vivo parameters 

were measured at a later time point, when the animals were in a cachectic state. these 

preclinical experiments were performed in order to evaluate the potential benefits of spe-

cific nutritional interventions on immune function, which might lead to new applications 

for cancer patients.

methodS 
aNImalS aNd dIetS

 six to seven-week old syngenic male cd2F1 mice (balb/c x dba/2) were obtained from 

harlan nederland (horst, the netherlands). all experimental procedures were approved by 

the animal experimental committee and complied with the principles of laboratory animal 

care. animals were housed individually in a climate-controlled animal care facility with a 

constant room temperature and humidity. all animals had free access to food and drinking 

water. upon arrival animals were acclimatized for one week and subsequently randomized 

on basis of bodyweight. the experiments were divided in: a-experiments, designed to test 

the effect of the individual ingredients and b-experiments, designed to test the effect of 
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the complete mixture of ingredients that resembles the composition of the new genera-

tion Forticare (nutricia advanced medical nutrition, Zoetermeer, the netherlands). in both 

a- and b-experiments, mice were divided into a control group (c) receiving control diet, a 

tumor-bearing control group (tb) receiving control diet and tumor-bearing experimental 

groups (tb-nutritional ingredient). data shown are derived from the combination of several 

experimental runs with identical animal characteristics and experimental procedures (un-

less stated otherwise).

 the tumor-bearing experimental group in the a-experiments received a diet based on 

ain93-m (research diet services, wijk bij duurstede, the netherlands) with either fish oil 

(tb-Fo), specific oligosaccharide mixture (tb-som) or high protein enriched with leucine 

(tb-hprleu) supplied as pellets and in the b-experiments a diet with the combination of 

fish oil, specific oligosaccharide mixture and high protein/leucine (tb-snc). the latter diet 

differed in macronutrient composition from ain93-m to achieve a more humanized diet 

supplied as dough for product technical reasons. 

 the control diet in the a-experiments contained per kg food: 126 g protein (100% ca-

sein), 727 g carbohydrates and 40 g fat (100% soy oil). the experimental diets in the a-

experiments were adapted by adding 22.1 g fish oil (providing 6.9 g epa and 3.1 g dha) per 

kg food (tb-Fo), 18 g short chain galacto-oligosaccharides (vivinal gos, Friesland domo 

Foods, Zwolle, the netherlands) and 2 g short chain fructo-oligosaccharides (beneo p95, 

orafti, wijchen, the netherlands) per kg food (tb-som) or 151 g casein/kg and 16 g leu-

cine/kg food (tb-hprleu).

 the control diet in the b-experiment contained more fat, although the diet is isocaloric 

and isonitrogenous compared to the control diet in experiments a, per kg food: 126 g protein 

(100% casein), 699 g carbohydrates and 52.6 g fat (100% corn oil). this control diet did not 

demonstrate any effect on physiological cachexia parameters and immune parameters in 

the used animal model (data not shown). the experimental diet in experiment b contained 

per kg food: 210 g protein (189 g intact protein of which 68% casein and 32% whey and 21 

g free leucine), 561 g carbohydrates, 52.5 g fat (20.2 g corn oil, 10.2 g canola oil and 22.1 g 

fish oil (providing 6.9 g epa and 3.1 g dha), 18 g short chain galacto-oligosaccharides and 

2 g short chain fructo-oligosaccharides.

exPerImeNtal deSIgN

 murine colon-26 adenocarcinoma cells were used to induce cachexia in mice (42, 43, 

46). in short, on day 0 tumor cells (5 x 105 cells in 0.2 ml) were inoculated, under general an-

esthesia (isoflurane/n2o/o2), subcutaneously into the right inguinal flank of cd2F1 mice in 

the tumor-bearing groups. animals in the control group received a sham injection with 0.2 

ml hbss. body weight (bw), food intake and tumor size (length and width) were measured 

three times a week. to investigate effects on the immune system contact hypersensitivity 

(chs) against oxazolone was determined, as an in vivo model for cellular (th1 dependent) 

immunity. briefly, on day 8 all animals were sensitized with 150 μl 3% oxazolone solution 

(4-ethoxymethylene-2-phenyl-2-oxazolin-5-one, sigma-aldrich chemie, Zwijndrecht, the 

netherlands, 300 mg in 7.5 ml 96% ethanol and 2.5 ml acetone) applied on their shaved 

breast and abdomen. subsequently, at day 13 ear thickness was measured under general 

anesthesia and all animals were hapten challenged with 25 μl 0.8% oxazolone solution (32 
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mg in 3 ml 96% ethanol and 1 ml acetone) topical to the ear pinnae. at day 14 after tu-

mor inoculation (24 hours after the challenge), ear swelling was measured under general 

anesthesia to determine the th1 immune response. 

 at day 20, blood was collected by cardiac puncture and sampled in heparin tubes. after 

sacrification, spleens were dissected, weighed and stored in cold culture medium (rpmi-

1640 containing 25 mm hepes and 2 mm l-glutamine, life-technologies, merelbeke, bel-

gium, enriched with 100 u/ml penicillin/streptomycin) with 10 % heat-inactivated fetal calf 

serum (Fcshi) for immunological analysis. skeletal muscles (m. tibialis anterior (mta), m. 

extensor digitorum longus (medl), m. soleus (ms) and m. gastrocnemius (mg)), tumor, 

epididymus fat, thymus, were dissected, weighted and frozen at -80°c (skeletal muscles).

ImmuNologICal aNalySIS

 all ex vivo incubations of cells were performed at 37°c in a humidified environment 

containing 5% co2. 

whole blood assay

 blood was added in 50 μl/well to 100 μl/well culture medium in a 96-well plate and was 

subsequently incubated with 50 μl/well lps (Fc 1 μg/ml, e.coli, b55:o55, sigma-aldrich 

chemie) or culture medium (control) for 20 hours or with cona (Fc 40 μg/ml, concanavalin 

a from canavalia ensiformis type iv, sigma-aldrich chemie) or culture medium (control) 

for 44 hours. afterwards, supernatants were harvested and stored at –80°c until analysis. 

plasma was obtained from the residual blood and stored at –80°c until analysis.

splenocyte assay 

 splenocytes were isolated by pressing spleens through cell strainers (40 μm) into a 50 

ml tube. after erythrocyte lysis, splenocytes were plated in 20 μl/well (Fc 2 x 105 cells/well) 

in a 96-well plate and 80 μl/well culture medium with 10% Fcshi was added. thereafter, 

cells were incubated with 100 μl/well lps (Fc 1 μg/ml) or culture medium (control) for 

20 hours for pge2 and cytokine production or with 100 μl/well cona (Fc 3 μg/ml) or cul-

ture medium (control) for 44 hours both for proliferation and cytokine production. after 28 

hours incubation, cells for proliferation were labeled with 0,4 μci/well tritiated thymidine 

(3h thymidine, perkin elmer, Zaventem, belgium) and incubated for another 16 hours. sub-

sequently, cells were harvested on packard gF/c filter plates (perkin elmer) and dried on 

air. afterwards 25 μl scintillation fluid (packard ultima gold, perkin elmer) was added to 

the wells and plates were counted in a scintillation counter (wallac microbeta radioactivity 

plate counter, perkin elmer). For pge2 and cytokine production, plates were centrifuged 

and supernatants were harvested and stored at –80°c until analysis. 

pge2 and cytokine measurement

 pge2 was measured using a commercial anti-pge2 rabbit polyclonal antibody-based 

direct enzyme immunoassay (oxford biomedical research, oxford, mi, usa) according 

to the manufacturer’s protocol. cytokines in plasma were measured using a commercial 

mouse cytokine 10-plex bead immunoassay (biosource, etten-leur, the netherlands) 

according to the manufacturer’s protocol and cytokines in supernatants were measured  
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using a commercial mouse cytokine th1/th2 bead immunoassay or a commercial mouse 

cytokine inflammatory bead immunoassay (both from biosource) according to the manu-

facturer’s protocol. 

Flowcytometric analysis

 splenocytes were added in 100 μl to a 96 well plate (Fc 1 x 106 cells/well), centrifuged 

and resuspended in cold pbs with 1% Fcshi and 0.1% sodiumazide. cells were incubated 

with fluorescent labeled antibodies for 30 minutes on ice in a total volume of 50 μl. after 

washing, cells were analyzed on an epics Xl flowcytometer (beckman coulter, mijdrecht, 

the netherlands). the following monoclonal antibody combinations were used: (1) gr-1-

Fitc (bd pharmingen, alphen aan den rijn, the netherlands), F4/80-pe (serotec ltd., ox-

ford, united Kingdom) and 7-aad (coulter immunotech, beckman coulter), (2) cd3-Fitc, 

cd4-pe-cY5 (both from bd pharmingen) and cd8-pe (beckman coulter), (3) tcr-alpha-

Fitc, dX5-pe and cd19-pe-cY5 (all from beckman coulter), (4) unlabeled cells. results 

were analyzed using expo32 software (beckman coulter, mijdrecht, the netherlands). the 

method for determining positive cells using these antibodies was validated using isotype 

control antibodies in previous experiments. dead 7-aad+ cells were excluded in antibody 

combination (1). the forward- and side-scatter profile from 7-aad negative cells in (1) was 

used to identify living cells and exclude dead cells in (2), (3) and (4).  

determination of phospholipid fatty acids in blood cells and splenocytes

 residual heparin blood and 1 x 107 splenocytes were centrifuged and cellpellets were 

stored at –80°c until analysis. phospholipids were separated from total cellular lipids using 

bond-elut® solid phase extraction columns and the vac-elut sps 24tm system. phospho-

lipid extracts were converted into methyl esters by using 10% bF3 in methanol at 100°c 

for 60 min. after hexane extraction derivatized phospholipids were dissolved in iso-octane 

and the fatty acid composition was analyzed by gas chromatography (gc) using a capillary 

column (50 m x 0.25 mm, cp-sil88-fame). peaks were identified by commercial reference 

standards.

StatIStICS

 all data were expressed as means ± sem. statistical analysis was performed using 

spss 12.0.1 (spss benelux, gorinchem, the netherlands). in the a-experiments differ-

ent batches of animals were used. For that reason, it was examined for all parameters, by  

using anova, if combination of the data was allowed and if no interaction between the 

groups and experiments existed. the effect of treatment was tested using a one-way ano-

va, followed by lsd post-hoc analysis when data were normally distributed and showed 

equal variances. when equal variances were not assumed, post-hoc a dunnett’s t3 test 

was performed. a non-parametric mann whitney u test was performed when data were 

not normally distributed. differences were considered significant at p < 0.0125 (table 1 and 

Figure 1) and  p < 0.025 (tables 2 and 3 and Figures 2 and 3) based on α/k, in which α = 0.05 

and k the number of comparisons. 
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reSultS
Functional parameters measured in both eXperiments a and b

physiological cachexia and immune parameters

 at day 20 after tumor inoculation mice were sacrificed and both cachexia and immune 

parameters were measured. data from the different experiments with the individual nutri-

tional ingredients (a-experiments) were combined and displayed in table 1 and data from 

the experiment to test the efficacy of the complete mixture of Fo, som and high protein/

leucine (b-experiment) were presented in table 2.

in experiments a, bodyweight (bw) and carcass weight (cw = bw minus tumor weight 

(tw)) were significantly decreased from 24.4 gram (both) in the control (c) group to 22.8 

and 20.7 gram respectively in the tumor bearing control (tb) group, while in experiment 

b a decrease was observed from 25.7 gram (both) in the c group to 20.1 and 18.0 gram 

respectively in the tb group. this reduction could be caused by the significant weight loss 

of fat and skeletal muscles in the tb group. Food intake has been controlled and was not 

affected in both experiments a and b (data not shown). 

 addition of one of the individual nutritional ingredients to the diet did not result in any 

significant effect on bw or cw compared with animals in the tb group. however, a diet 

containing the complete mixture of Fo, som and high protein/leucine improved both bw 

and cw significantly from 20.1 and 18.0 gram respectively in the tb group to 21.9 and 20.3 

gram respectively in the tb-snc group (table 2), indicating a less cachectic state of the 

mice. this was emphasized by a positive effect on other cachectic features such as a sig-

nificant inhibition of weight loss of epididymus fat and skeletal muscles, which was absent 

after feeding a diet with the individual nutritional ingredients. 

in both experiments a and b thymus weight was significantly decreased after tumor in-

oculation with 47.9% and 61.7% respectively, whereas spleen weight was more than twice 

as high in the tb group compared to the c group. after the addition of Fo or the complete 

mixture of Fo, som and high protein/leucine to the diet, a significant inhibition of thy-

mus weight loss was observed, while none of the individual nutritional ingredients affected 

spleen weight (table 2).

Cachexia C TB TB-FO TB-SOM TB-HPrleu 

Body weight (g) 24.4 ± 0.3* 22.8 ± 0.4 23.0 ± 0.8 23.8 ± 0.8 21.8 ± 0.6 

Tumor weight (g) 0.0 ± 0.0* 2.2 ± 0.1 2.1 ± 0.1 2.2 ± 0.1 1.8 ± 0.1 

Carcass weight (g) 24.4 ± 0.3* 20.7 ± 0.4 20.9 ± 0.8 21.5 ± 0.8 20.0 ± 0.6 

Immune C TB TB-FO TB-SOM TB-HPrleu 

Thymus weight (mg) 35.9 ± 1.2* 18.7 ± 1.0 21.1 ± 2.1* 20.2 ± 2.1 14.5 ± 1.8 

Spleen weight (mg) 98.7 ± 2.9* 267.7 ± 8.1 231.1 ± 9.8 284.1 ± 20.5 232.9 ± 15.8 

 

data from different experiments were combined and represent means ± sem of control (c) group (n=40), tumor-bearing 
control (tb) group (n=40) and tumor-bearing groups after supplementation with fish oil (tb-Fo, n=10), specific oligosac-
charide mixture (tb-som, n=10) or high protein/leucine (tb-hprleu, n=10).  * significantly different (p < 0.0125) from the 
tb group.  

table 1 effect of oral administration of fish oil, specific oligosaccharide mixture or high protein/leucine on physiological 
  cachexia parameters and immune parameters.  
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contact hypersensitivity

 a contact hypersensitivity (chs) test was performed at day 13/14 to determine in vivo 

immune function prior to weight loss. chs responses were significantly reduced in the tb 

group compared to the c group in experiments a (28.1%, Figure 1) and b (31.0%, Figure 

2a) indicating an impaired th1 immune response in tumor bearing mice. after adding one 

of the individual nutritional ingredients to the diet of tumor-bearing mice no effect was ob-

served on this immune biomarker (Figure 1). however, after administration of the complete 

mixture of Fo, som and high protein/leucine to the tumor-bearing mice (tb-snc), immune 

responsiveness was increased significantly by 20.7% compared to the tb mice, demon-

strating a better th1 mediated immune response (Figure 2a).

addItIoNal ImmuNe ParameterS meaSured IN exPerImeNt B

 to obtain more information on immune competence and inflammatory status of tu-

mor bearing mice in a cachectic state and to determine the effect of adding the complete 

mixture of Fo, som and high protein/leucine to the diet of these mice, several additional 

immune parameters were measured after sacrificing the mice at day 20.

Cachexia C TB TB-SNC 

Body weight (g) 25.7 ± 0.5* 20.1 ± 0.4 21.9 ± 0.5* 

Tumor weight (g) 0.0 ± 0.0 2.1 ± 0.1 1.8 ± 0.1 * 

Carcass weight (g) 25.7 ± 0.5* 18.0 ± 0.3 20.3 ± 0.5* 

Epididymus fat (mg) 230.3 ± 17.4* 40.9 ± 10.9 88.2 ± 10.9* 

m. Tibialis Anterior (mg) 44.7 ± 1.0* 33.6 ± 0.7 38.5 ± 0.8* 

m. EDL (mg) 8.9 ± 0.2* 6.7 ± 0.2 7.6 ± 0.2* 

m. Soleus (mg) 6.4 ± 0.2* 4.8 ± 0.1 5.4 ± 0.2* 

m. Gastrocnemius (mg) 132.1 ± 2.4* 99.5 ± 2.2 110.7 ± 2.9* 

Immune C TB TB-SNC 

Thymus weight (mg) 36.8 ± 1.8* 14.1 ± 1.1 20.7 ± 1.8* 

Spleen weight (mg) 95.2 ± 4.3* 210.5 ± 14.3 209.8 ± 9.3 
Spleen cells (1 x 107cells/ml) 2.7 ± 0.1* 5.6 ± 0.5 5.6 ± 0.3 

Granulocytesa (%) 4.6 ± 0.6* 28.2 ± 1.9 28.2 ± 1.4 

Granulocytesa (cells/spleen) 50.8 ± 7.8* 598.9 ± 44.1 613.4 ± 29.2 

Monocytesb (%) 2.7 ± 0.2* 5.8 ± 0.2 6.2 ± 0.3 

Monocytesb (cells/spleen) 29.1 ± 2.2* 126.0 ± 8.3 139.6 ± 11.0 

Macrophagesc (%) 5.0 ± 0.2 5.0 ± 0.3 4.0 ± 0.2* 

Marophagesc (cells/spleen) 54.9 ± 4.2* 110.7 ± 10.9 87.3 ± 5.2 

CD3+CD4+ T-cells  (%) 6.9 ± 0.4* 3.6 ± 0.2 4.2 ± 0.3 

CD3+CD4+ T-cells  (cells/spleen) 75.7 ± 5.8 78.7 ± 6.3 90.8 ± 6.2 

CD3+CD8+ T-cells  (%) 3.2 ± 0.2* 1.7 ± 0.1 1.7 ± 0.1 

CD3+CD8+ T-cells  (cells/spleen) 35.4 ± 3.2 34.8 ± 2.0 36.9 ± 2.6 

 

data represent means ± sem of control (c) group (n=10), tumor-bearing control (tb) group (n=19) and tumor-bearing 
group after oral administration of the specific nutritional combination (tb-snc) (n=20). * significantly different (p < 0.025) 
from the tb group. a defined as gr-1high cells, b defined on the base of forward- and side-scatter profile, F4/80dull and 
gr-1low to dull, c defined as F4/80high cells. 

table 2 effects of oral administration of the complete mixture of fish oil, specific oligosaccharide mixture and high  
  protein/leucine on physiological cachexia parameters and immune parameters.
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Flowcytometric analysis of splenocytes and determination of phospholipid fatty acids.

spleen weight was increased significantly in tumor bearing control animals due to an in-

crease in the number of spleen cells caused by an enormous expansion of granulocytes 

figure 1 effects of oral administration of fish oil, specific oligosaccharide mixture or high protein/ 
  leucine on contact hypersensitivity. data represent means (μm) ± sem of control (c) group (n=20), tumor-bearing  
  control (tb) group (n=20) and tumor-bearing groups after supplementation with fish oil (tb-Fo, n=10),  
  specific oligosaccharide mixture (tb-som, n=10) or high protein/leucine (tb-hprleu, n=10).  
  * significantly different (p < 0.0125) from the tb group.

!

figure 2 effects of oral administration of the complete mixture of fish oil, specific oligosaccharide mixture and high  
  protein/leucine on contact hypersensitivity (a) and cona-stimulated t-lymphocyte prolifera- 
  tion by splenocytes (b). data represent means ± sem of control (c) group (n=10), tumor-bearing control (tb)  
  group (n=19) and tumor-bearing group after oral administration of the specific nutritional com- 
  bination (tb-snc) (n=20). For cona-stimulated t-lymphocyte proliferation all values were calcula- 
  ted as percentage of the control group, which is set at 100%. * significantly different (p < 0.025) from the tb group.   

!

!
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from 50.8 x 107 cells/spleen in the c group to 598.9 x 107 cells/spleen in the tb group (table 

2). also monocytes showed a significant increase in the number of cells/spleen, while the 

total number of cd3+cd4+ and cd3+cd8+ t-cells was not affected. relatively, the percen- 

tages cd3+cd4+ and cd3+cd8+ t-cells were almost two times lower in the tb group com-

pared to the c group, probably due to the high increase of granulocytes. after adding the 

complete mixture of nutritional ingredients to the diet of tumor-bearing mice no effect was 

observed on the total number of splenocytes, neither on the absolute or relative number of 

granulocytes, monocytes and cd3+cd4+ and cd3+cd8+ t-cells. 

 in cell membranes of the isolated splenocytes percentages n-6 and n-3 fatty acids of 

total phospholipid fatty acids were measured (data not shown). no effect was observed on 

total n-6 fatty acids content after tumor inoculation, whereas the percentage of total n-3 

was increased significantly in the tb group, probably due to the significant increase in dha. 

after feeding a diet with the total combination of the nutritional ingredients total n-6 content 

in cell membranes of splenocytes was decreased significantly compared to the tb group 

due to a strong reduction of aa from 19.6% in the tb group to 8.9% in the tb-snc group. the 

percentages of the n-3 fatty acids epa and dha were increased significantly from 0.4% and 

2.5% respectively in the tb group to 3.5% and 4.4% respectively in the tb-snc group lea- 

ding to a significantly higher n-3 content.

plasma cytokine and pge2 concentrations

 pro-inflammatory cytokines and pge2 were measured in plasma obtained from blood 

at day 20. il-6, tnF-α, as well as pge2 were increased significantly from 14.8, 0.3 and 9488 

pg/ml respectively in the c group to 152.1, 12.3 and 49096 pg/ml respectively in tb group 

(Figure 3a-3d), whereas il-1β and iFn-γ levels were below the detection limit of the assay. 

a strong decline in the production of the pro-inflammatory cytokines il-6, tnF-α and pge2 

was observed to levels of 111.8 (p = 0.038), 7.0 (p = 0.017) and 19601 pg/ml (p < 0.001) (all 

one-tailed tested), respectively after the addition of the complete mixture of Fo, som and 

high protein/leucine to the diet of tumor-bearing mice, leading to a lower inflammatory 

state. 

ex vivo cona-stimulated t-lymphocyte proliferation in splenocytes

 in addition to chs, which was measured prior to weight loss, ex vivo cona-stimulated 

t-lymphocyte proliferation by splenocytes was measured in cachectic tumor-bearing mice. 

a significant decrease was observed from 100% in the c group (all values were calculated 

as percentage of the control group, which is set at 100%), to 47.0 % in the tb group (Figure 

2b). after adding the complete mixture of nutritional ingredients to the tumor bearing mice 

a strong trend to an improved immune response was observed, although this effect was not 

significant (p = 0.031).     

ex vivo cona and lps-stimulated cytokine production in whole blood and splenocytes.  

 in cona-stimulated whole blood and splenocytes both th1 and th2 cytokines were mea-

sured, whereas in lps-stimulated whole blood and splenocytes pro-inflammatory cyto- 

kines and pge2 were measured. all values were calculated as percentage of the con-
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trol group, which is set at 100%. in cona-stimulated whole blood, il-4 (th2 cytokine)  

production was reduced significantly from 100% in the c group to 11.3% in the tb group 

(table 3). moreover, in cona-stimulated splenocytes il-4 (th2) as well as il-2 and iFn-γ 

(th1) were decreased significantly in the tb group. after administration of the complete 

mixture of Fo, som and high protein/leucine to the tumor-bearing mice, il-4 production 

in both cona-stimulated whole blood and splenocytes demonstrated a significant increase 

(p < 0.025).

 in lps-stimulated whole blood both il-1β and tnF-α were decreased significantly from 

100% in the c group to 17.5% and 18.5% respectively in the tb group (table 3). in addition, 

a trend to decreased il-6 levels was observed, while pge2 showed a trend to enhanced 

levels in the tb group. in lps-stimulated splenocytes il-6 was reduced significantly in the 

tb compared to the c group. by contrast, pge2 production showed a significant increase 

from 100% in the c group to 178% in the tb group. after feeding a diet with the complete 

mixture of nutritional ingredients, pge2 production in lps-stimulated whole blood was  

decreased significantly from 137.9% in the tb group to 43.1% in the tb-snc group, where-

as pge2 production in lps-stimulated splenocytes was not affected.

figure 3 effects of oral administration of the complete mixture of fish oil, specific oligosaccharide mixture and high protein/ 
  leucine on plasma cytokine il-6 (a), tnF-α (b), il-4 (c) and pge2 (d) concentrations. data represent means (pg/ 
  ml) ± sem of control (c) group (n=10), tumor-bearing control (tb) group (n=19) and tumor-bearing group after  
  oral administration of the specific nutritional combination (tb-snc) (n=20). * significantly different (p < 0.025)  
  from the tb group.  
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dISCuSSIoN
 the present study demonstrated a significant improved th1 immune response after 

feeding a diet containing the complete mixture of nutritional ingredients Fo, som and high 

protein/leucine in tumor-bearing animals in a pre-cachectic state. in addition, in mice al-

ready suffering from cachexia the complete mixture of ingredients affected several physi-

ological and immune parameters, representing a lower inflammatory state, better immune 

responses and less wasting of protein and lipid stores, leading to less severe cachexia. the 

cachectic features of the c26 mouse model have been described earlier by other authors, 

who attributed a pivotal role to the pro-inflammatory cytokine il-6 in the induction of ca-

chexia (42-45). in the current study, parameters of immune competence were measured 

in parallel to cachexia- and inflammation-related parameters, to study cachexia-related 

immune dysfunction in this model as well. to this end, in vivo th1-related immune function 

was quantified using oxazolone-induced chs responses. in addition, several ex vivo param-

eters were measured in whole blood and isolated splenocytes cultures. 

 in both experiments a and b, body weight and carcass weight were reduced significantly 

in the tb group, which is in accordance with a significant reduction in the weight of epididy-

mus fat and skeletal muscles and argues for a cachectic status of the mice. in experiment b, 

ConA-stimulated  cytokine production C TB TB-SNC 

Whole blood    

      IL-2 (% vs C) 100.0 ± 14.0 65.0 ± 7.2 96.3 ± 15.3 

      IL-4 (% vs C) 100.0 ± 10.5* 11.3 ± 3.1 69.9 ± 23.6* 

      IL-12 (% vs C) 100.0 ± 8.0 84.7 ± 14.8 75.4 ± 16.1 

Splenocytes (FCShi)    

      IL-2 (% vs C) 100.0 ± 11.1* 34.4 ± 2.3 42.3 ± 3.4 

      IL-4 (% vs C) 100.0 ± 13.3* 45.9 ± 4.9 70.9 ± 11.5* 

      IFN-γ (% vs C) 100.0 ± 10.5* 34.6 ± 8.7 80.0 ± 27.6 

LPS-stimulated cytokine production C TB TB-SNC 

Whole blood    

      IL-1β (% vs C) 100.0 ± 8.1* 17.5 ± 2.7 38.5 ± 15.5 

      IL-6 (% vs C) 100.0 ± 21.2 72.3 ± 13.3 126.9 ± 40.3 

      TNF-α (% vs C) 100.0 ± 8.3* 18.5 ± 2.4 38.2 ± 15.0 

      PGE2 (% vs C) 100.0 ± 8.9 137.9 ± 20.4 43.1 ± 3.2* 

Splenocytes (FCShi)    

      IL-1β (% vs C) 100.0 ± 4.3 107.5 ± 11.6 97.0 ± 13.6 

      IL-6 (% vs C) 100.0 ± 8.6* 76.5 ± 12.7 107.7 ± 14.5 

      TNF-α (% vs C) 100.0 ± 4.7 102.7 ± 8.0 102.1 ± 10.4 

PGE2 (% vs C) 100.0 ± 2.1* 178.0 ± 12.4 196.6 ± 11.4 

 

data represent means ± sem of control (c) group (cona/lps whole blood n=10, cona/lps splenocytes n=7), tumor-
bearing control (tb) group (cona/lps whole blood n=10, cona/lps splenocytes n=13) and tumor-bearing group after 
oral administration of the specific nutritional combination (tb-snc) (cona/lps whole blood n=10, cona/lps splenocytes 
n=12). all values were calculated as percentage of the control group, which is set at 100%, 
* significant differently (p < 0.025) from the tb group. 

table 3 effects of oral administration of the complete mixture of fish oil, specific oligosaccharide mixture and high  
  protein/leucine on cona-stimulated cytokine production in whole blood and splenocytes and on lps-stimu- 
  lated cytokine and pge2 production in whole blood and splenocytes.
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the pro-inflammatory cytokines il-6 and tnF-α were measured. these cytokines have 

been described as pro-cachectic cytokines involved in different metabolic changes associ-

ated with wasting during cancer cachexia (10, 17, 25). in literature, tnF-α levels measured 

in the c26 model were below the detection limit (43, 45). in the present study however, 

tnF-α levels can be measured, in spite of the low levels, and differences between groups 

were determined. both il-6 and tnF-α were increased significantly in the tb group, which 

confirmed the role of tnF-α besides il-6, in the pathogenesis of cancer cachexia in the 

c26 model. by contrast, levels of il-4, in literature stated as an anti-cachectic cytokine (25), 

showed a significant decrease in the tb group, which is in agreement with the cachectic 

state of the animals.

 chs responses were measured in a pre-cachectic state and were reduced significantly 

in the tb group, indicating an impaired th1 immune response in tumor bearing mice be-

fore the onset of weight loss. in previous experiments chs was also determined in mice 

already suffering from cachexia, demonstrating an even stronger reduction (unpublished 

data). it should be realized that this reduction was severe because of the dramatic health 

status of the mice at this time point, therefore the effect of the nutritional ingredients was 

only determined in a pre-cachectic state. nevertheless, in cachectic mice ex vivo para- 

meters were measured to assess immune competence. 

to evaluate the potential benefits of specific nutritional interventions on cachexia features 

and immune function, Fo, som and high protein/leucine were added to the diet of tumor 

bearing mice. no effect of the individual ingredients was demonstrated on bw, cw, epididy-

mus fat weight and weight of skeletal muscles, indicating no advances in the poor cachec-

tic state of the mice. this was confirmed by the absence of potential effects on immune 

function, measured by contact hypersensitivity in a pre-cachectic state. when Fo in com-

bination with high protein/leucine was added to the diet, bw, cw and weight of epididymus 

fat and the skeletal muscle mta were improved significantly (unpublished data). moreover, 

chs responses seems to show a small increase, but this was far from significant (p=0.716) 

compared to animals in the tb group (data not shown). however, after the addition of the 

complete mixture of Fo, som and high protein/leucine to the diet of tumor-bearing ani-

mals, a significant increase in ear swelling was observed compared to animals in the tb 

group, indicating an improved th1 immune response leading to a better resistance against 

infections. in addition, in mice already suffering from cachexia, physiological parameters 

as body weight, carcass weight and weight of epididymus fat and skeletal muscles demon-

strated a significant increase after adding the complete mixture of nutritional ingredients 

to the diet compared to the reduction observed in tb mice (table 2). consequently, the 

cachectic state of the mice was reduced significantly and muscle function and daily activity, 

important contributors to the quality of life, were improved significantly (unpublished data). 

taken together, the results indicate that the combination of the nutritional ingredients Fo, 

som and high protein/leucine is able to induce a synergistic effect leading to less severe 

cachexia and improved immune responses. 

 thymus weight was decreased after tumor-inoculation and demonstrated a significant 

recovery after adding the complete mixture of Fo, som and high protein/leucine to the diet. 

the thymus is one of the central primary lymphoid organs and plays an important role 
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in cellular immunity by generating circulating t-lymphocytes (47). therefore, the recovery 

of thymus weight is of major importance for an efficient working and balanced immune 

system. in contrast to thymus weight, spleen weight was elevated in the tb group. this is 

mainly caused by a strong increase in both percentage and total number of granulocytes 

among the total splenocytes population. in literature this is known as a leukemoid reaction 

which is previously described in tumor-bearing mice and in different types of human can-

cers (48, 49). when the complete mixture of Fo, som and high protein/leucine was added to 

the diet of tumor-bearing animals, the leukemoid reaction was not reduced. therefore, the 

beneficial effect of nutritional intervention on immune function is argued to be due to other 

effects on the immune system.

 in addition to measurement of chs, several ex vivo assays were performed to deter-

mine immune function in cachectic mice. in cona-stimulated splenocytes cultures from 
tb mice a significant reduction of t-lymphocyte proliferation and both th1 and th2 cy-
tokine production was observed, probably caused by a relative decrease in the number of 

t-lymphocytes and by a lower activity. moreover, also in cona-stimulated whole blood th1 

and th2 cytokines were affected, which is probably the consequence of a general reduc-

tion in t-cell activity. these results are consistent with the immune suppression that was 

observed in vivo by the measurement of chs. in lps-stimulated whole blood a significant 

reduction was observed on il-1β and tnF-α production in the tb group, representing a 

reduced capacity of immune cells to react to an infection ex vivo. il-6 showed a trend to 

a decrease and pge2 even tended to an increase, possibly due to the high serum levels in 

plasma that were present in whole blood also.

 after adding the complete mixture of Fo, som and high protein/leucine to the diet of 

tb mice, cona-stimulated t-cell responses were positively affected both in splenocytes 

as well as in whole blood. in addition, lps-stimulated il-1β, tnF-α and il-6 production 

by whole blood demonstrated a trend to an increase compared to tb mice, indicating an 

enhanced capacity of immune cells to mount acute infection-like responses ex vivo. by con-

trast, lps-stimulated pge2 production was decreased significantly in the tb-sns group, 

which might be explained by the absence of high pge2 levels in plasma or by the inhibitory 

effect the complete mixture in the ex vivo situation.

 as mentioned before plasma levels of the pro-inflammatory cytokines il-6 and tnF-α 

were increased significantly in cachectic tb mice leading to a chronic inflammatory state. 

together with pge2, another inflammatory mediator that is enhanced significantly in tb 

mice, these cytokines play a central role in the induction of the immune suppression ob-

served in these tumor bearing mice (5). after feeding a diet with the complete mixture of 

Fo, som and high protein/leucine, il-6 levels in plasma showed a tendency to a decrease 

and tnF-α levels were decreased significantly compared to that in the tb group. 

 inhibition of il-6 production in this cachexia model is established to prevent the de-

velopment of cachexia as shown after treatment with a murine antibody to il-6 (43), while 

tnF-α is thought to play an important role in wasting of fat and to induce il-6 secretion 

by many cell types (46). nevertheless, il-6 is not only produced by tnF-α signaling, it is 

thought that in animals carrying c26 tumors, the majority of il-6 is produced by the tumor 

cells in response to macrophages residing in these tumors leading to the severe inflam-

matory state inducing different catabolic processes involving cachexia (46). accordingly, 
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the observed reduction of il-6 and tnF-α in the tb-snc group might partly account for 

the reduced inflammatory state and the improved functional aspects of the catabolism 

associated immune suppression. also pge2 might be involved in this process. pge2 can 

be secreted by many cell types, including monocytes, macrophages and tumor cells, and 

suppresses multiple immune functions as t-lymphocyte proliferation and macrophage ac-

tivation (31). after adding the complete mixture of nutritional ingredients, pge2 levels in 

plasma of tumor-bearing animals were reduced significantly compared to that in the tb 

group. this might be the result of the incorporation of the n-3 puFa epa (present in Fo) 

in cell membrane phospholipids that leads, by a reduction of the percentage aa, to a de-

creased production of pge2 by the cyclooxygenase (coX) enzyme (14, 50). in literature Fo 

has been established to possess anti-cachectic, anti-inflammatory and immune modulat-

ing properties, both in vivo and ex vivo, but dose and ratio of the n-3 puFas epa and dha 

are described as important factors that determine these properties (10, 32, 35, 36). the Fo 

dose of 22.1 g (providing 6.9 g epa and 3.1 g dha) per kg food described in the experiments 

with the individual nutritional ingredients (experiments a) reported nevertheless no effect 

on both physiological and immunological parameters, whereas the double dose tested in 

this model demonstrated significant improved cachectic features and a trend to enhanced 

immune function measured by chs (data not shown). additionally, no effect of adding the 

specific oligosaccharide mixture was observed on cachexia and immune parameters (ex-

periments a) in tumor-bearing animals, whereas a mixture of 2% (w/w) specific oligosac-

charides in a 9:1 ratio induced th1 immunity in an influenza vaccination model in healthy 

c57bl/6 mice (39). however, when the Fo dose of 22.1 g (providing 6.9 g epa and 3.1 g 

dha) is combined with the som and high protein/leucine less severe cachexia and signifi-

cant improved immune responses were demonstrated. to this end, it seems that besides 

inhibition of the chronic inflammatory state present in the cachectic mice, it is also re-

quired to support the nutritional state of the mice with the combination of ingredients, to 

obtain positive effects on immune function. 

 in conclusion, the present study demonstrated the beneficial immune modulatory ef-

fects of the specific nutritional combination leading to a multi-target approach. no ef-

fect was observed after feeding a diet containing the individual nutritional ingredients Fo, 

som or high protein/leucine on contact hypersensitivity in tumor-bearing animals in a 

pre-cachectic state. in contrast, the complete mixture of nutritional ingredients reported 

a significant improved th1 immune response in tumor-bearing mice prior to weight loss. 

in mice already suffering from cachexia the complete mixture of ingredients affected sev-

eral physiological and immune parameters, representing a lower inflammatory state, bet-

ter immune responses and less wasting of protein and lipid stores, leading to less severe 

cachexia. accordingly, the combination of the nutritional ingredients Fo, som and high 

protein/leucine is able to induce a synergistic effect leading to an improved health status of 

the mice related to immune competence, weight gain and multiple inflammatory indices. 

From this, it can be concluded that the specific nutritional combination has potential as im-

mune supporting nutritional intervention. as demonstrated in the present study, immune 

function in tumor-bearing mice is already affected before the onset of weight loss. there-

fore, it is very important to provide nutritional support with immune modulating properties 
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as early as possible in order to stop or reverse the nutritional decline, slowing down the 

progression of cachexia and counteract dysfunction of the immune system to reduce the 

risk of (infectious) complications. currently, clinical studies with cancer patients are being 

performed to study whether mentioned effects can be extrapolated to the human setting.
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86 aBStraCt 
 in many cancer patients immune function is compromised leading to an increased risk 

of (infectious) complications. chemotherapy-induced neutropenia is a common cause of 

treatment-induced immune suppression. in the present study, the effect of a specific nu-

tritional combination (snc) on bacterial translocation was studied in a model of chemo-

therapy-induced neutropenia in c3h/hen mice colonized with pseudomonas aeruginosa 
pao-1. dietary intervention started after stable colonization with p. aeruginosa to compare 

the snc containing high protein, l-leucine, fish oil and specific oligosaccharides, to an 

iso-energetic control diet. after three weeks, the mice were treated with cyclophosphamide 

to induce neutropenia. this rendered the mice susceptible to pseudomonas translocation, 

which was quantified five days later.

 intervention with the snc resulted in a significantly reduced incidence and intensity 

of bacterial translocation to the liver (p < 0.05) and a similar trend in the lungs (p = 0.053,  

p = 0.057, respectively). in addition, the snc reduced the fecal ph (p < 0.05) and decreased  

p. aeruginosa counts in fecal samples   (p < 0.05). moreover, plasma levels of pro-inflam-

matory cytokines showed a strong correlation with the reduced bacterial translocation to 

the liver (ρ > 0.78, p < 0.001).
 in conclusion, dietary intervention with the snc significantly reduced the incidence and 
severity of p. aeruginosa translocation in a mouse model of chemotherapy-induced im-
mune suppression. several mechanisms might have played a role, including the modula-
tion of the intestinal microbiota, an improved gut barrier function, immune function and a 

reduced inflammatory state. these results may represent an opportunity to develop new 

applications in cancer patients, with the aim to reduce infectious and other complications. 
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INtroduCtIoN
 in many cancer patients immune function is compromised due to host-, tumor- and 

treatment-related factors, leading to an increased risk of (infectious) complications. in ad-

dition, age, stress, depression and nutritional status are important factors that may con-

tribute to the immune deficiency (1, 2). a systemic inflammatory state accounts for the 

production of chemokines, cytokines, prostaglandins and reactive oxygen/nitrogen species 

inducing profound immune suppression, which facilitates the escape of tumor cells from 

immune surveillance (3-5). similar inflammatory mediators may be produced by the tumor 

itself as well, which in turn can facilitate angiogenesis, tumor cell growth and the recruit-

ment of myeloid derived suppressor cells (mdsc) (3, 5-7). mdsc are a population of cd11b+/

gr-1+ cells which contribute to tumor escape and immune suppression and they are a po-

tential link between inflammation and tumor progression. the risk of immune deficiency-

induced complications is even higher after cancer treatment. surgery, radiotherapy and 

chemotherapy are associated with suppression of the cellular immune system and lead, 

in combination with malnutrition, to a reduced treatment efficacy and a higher frequency 

and severity of (infectious) complications (1, 8-11). in addition, cancer treatment can induce 

a change in patients’ intestinal microbiota and encourage damage of the gastrointestinal 

(gi) mucosa leading to severe inflammation and a diminished barrier function (12-15).  to 

reduce the risk of (infectious) complications and to support the performance state of cancer 

patients, a multi-targeted approach should be applied including nutritional support. every 

effort should be made to prevent involuntary weight loss and delayed treatment schedules. 

in malnourished patients, pre-operative nutritional support is associated with a 50% reduc-

tion of post-operative complications (11), but benefits of oral supplementation including 

decreased gastro-intestinal toxicity, improved performance status and increased immune 

responses were described as well (16). therefore, nutritional interventions have been re- 

commended as an integral part of cancer therapy to improve clinical outcomes and quality 

of life (8, 11, 16).  

 in daily practice, chemotherapy often accounts for the development of severe neutrope-

nia, which is defined as an absolute neutrophil count < 500 cells/mm3 and is an important 

risk factor for the development of bacterial infections (9, 17). infections by gram-positive 

as well as gram-negative bacteria were observed in neutropenic cancer patients, in which 

coagulase-negative staphylococci and staphylococcus aureus are the most common gram-

positive bacteria. escherichia coli, Klebsiella species, and pseudomonas aeruginosa are 

the most common gram-negative pathogens isolated from neutropenic patients and ac-

count for 60-65% of documented bacterial infections. moreover, gram-negative infections 

have been associated with a higher morbidity and mortality in advanced disease (18, 19). 

in neutropenic cancer patients, the opportunistic pathogen p. aeruginosa can cause severe 

infections of the respiratory tract which may lead to sepsis. other mucosal sites inclu- 

ding the gi tract, the urinary tract and the eyes can be colonized by p. aeruginosa as well. 
moreover, the bacterium can easily translocate from the gi tract into the bloodstream as a 
consequence of chemotherapy-induced gi mucosal damage (20-22).
 in previous studies in tumor-bearing mice, a recently developed specific nutritional 

combination (snc) containing high protein, l-leucine, fish oil and specific oligosaccharides 

was shown to ameliorate tumor-induced suppression of th1-mediated immunity and to re-
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duce the inflammatory state. the complete snc was necessary for this effect, since no ef-

fects were observed with the individual nutritional ingredients (23). similarly, the snc, but 

not the individual ingredients, beneficially affected the tumor-induced catabolic state and 

preserved muscle mass and function (24). in the current proof of concept study, functional 

effects of the snc were studied in an immune compromised situation in chemotherapy-

induced neutropenic mice, as a model for anti-cancer treatment-induced infectious com-

plications. translocation of a clinically relevant pathogen, p. aeruginosa, was used as the 

main functional outcome in this study. 

methodS 
Study deSIgN

 in order to establish a stable colonization with p. aeruginosa, female c3h/hen mice 

were pre-treated with the broad-spectrum antibiotic ampicillin, (i.p. injection, 200 mg/kg 

dissolved in 0.2 ml saline, sigma-aldrich chemie, Zwijndrecht, the netherlands) for three 

consecutive days (day -2, -1 and 0, Figure 1).

 the mice in the p. aeruginosa groups were infected with 0.2 ml ampicillin resis-

tant pseudomonas aeruginosa strain pao-1 (attc baa-47: 109 cFu/ml in pbs + 3%  

bicarbonate) administered by oral gavage (infection on day 0) as described earlier (20, 
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figure 1  experimental set-up and group arrangement of the mice receiving a control or snc diet and a treatment  
  with or without p. aeruginosa and/or chemotherapy. the study described in the paper focused on  
  the  main three groups, which were bold printed in the table. the c group is added as a control group without  
  any treatment. the c-p group and c-t groups are added to examine the effect of either p. aeruginosa  
  colonization or chemotherapy treatment and as negative control groups for chemotherapy-induced  
  translocation by p. aeruginosa. the snc-t group is added to exclude potential interactions between the  
  chemotherapy and the snc diet. the c-pt and snc-pt groups were added to determine the effects of  
  the snc on translocation of p. aeruginosa in chemotherapy-induced neutropenic mice.
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25, 26). the other groups received an oral gavage with 0.2 ml saline. the colonization of  

p. aeruginosa was measured in fecal samples and a stable gut colonization was obtained 

after five days, as observed in previous validation experiments.  colonization of the gi tract 

with p. aeruginosa remained stable after antibiotic treatment and restoration of the other-

wise normal microbiota. on day 6, the mice in the p. aeruginosa groups were randomized 

on the basis of their colonization level and body weight, before the start of the dietary inter-

vention with either control diet or snc diet. the diets were refreshed every day and the food 

intake per cage was recorded. during the experiment, weight development was measured 

three times per week and several times per week fresh feces samples were obtained from 

individual mice to follow the colonization of the gut with p. aeruginosa. 

 after three weeks of dietary intervention, neutropenia and mucosal damage were in-

duced by chemotherapy. on day 28 and day 30, the mice in the chemotherapy groups re-

ceived i.p. 100 mg cyclophosphamide (in sterile saline, sigma-aldrich chemie, Zwijndrecht, 

the netherlands) per kilogram body weight leading to p. aeruginosa dissemination and 

systemic translocation. the other groups received an i.p. injection with only saline solution. 

after chemotherapy, blood was drawn daily from different mice in selected experimental 

groups by submandibular puncture to determine the degree of neutropenia. this was per-

formed in such a way that each of the mice in these groups provided one blood sample after 

chemotherapy. in addition, after chemotherapy body weight, food intake and health score of 

the mice were monitored daily and fresh feces samples were collected to determine colo-

nization levels of p. aeruginosa. in contrast to studies described in literature, the validated 

model used in this experiment only examines morbidity of the mice rather than mortality. 

at day 33, five days after the first chemotherapy dose, blood of the mice was collected 

by cardiac puncture and sampled in heparin tubes to measure pro-inflammatory cyto- 

kines to establish the inflammatory state of the mice and neutropenia was assessed by 

hematological analysis. after the mice were killed, liver and lungs were removed asep-

tically to determine translocation of p. aeruginosa to these organs (25, 27, 28). in addi-

tion, spleen, brain, thymus and the skeletal muscles were dissected. intestinal content 

samples were obtained by ileum lavage (using 1 ml sterile demi water) and removal of the 

cecum content. the ph of these samples was measured and they were frozen at -80°c.  

mICe aNd dIetS

 seven to eight-week-old female c3h/hen mice were obtained from charles river (maas-

tricht, the netherlands). all experimental procedures were approved by the animal experi-

mental committee and complied with the principles of laboratory animal care. mice were 

housed in groups of five in individual ventilated cages (ivc) to prevent contamination among 

groups and all handlings were performed in a laminar flow cabinet. the ivc-cages were 

placed in a climate-controlled animal care facility (12:12 dark-light cycle with a constant 

room temperature of 21 °c and humidity of 50%). all mice had free access to food and ste- 

rilized drinking water. upon arrival, mice were acclimatized for one week. during this accli-

matization period and before the start of the dietary intervention, the mice received a main-

tenance diet (ain-93m (29), research diet services, wijk bij duurstede, the netherlands). 

the presented results are representative of two separate experiments. to confirm the re-

sults of the first experiment, it was repeated with a similar setup. in both experiments 
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mice were divided in different groups receiving either a control diet supplied as pellets 

or an experimental diet enriched with a specific nutritional combination (snc) containing 

high protein, l-leucine, fish oil and a specific mixture of prebiotic oligosaccharides. both 

diets are iso-energetic and are based on semi-synthetic ain-93m diet with a modified fat 

source. in the control diet, the soy oil was replaced by corn oil, which was used as the 

base oil in the snc diet as well. the control diet contained per kg food: 125.8 g protein 

(100% casein), 697.7 g carbohydrates, 52.6 g fat (100% corn oil) with a polyunsaturated: 

saturated (p/s) fat ratio of 4.4 and a (n-3):(n-6) ratio of 0.014, and 50.0 g fibre (cellulose).  

the snc diet contained per kg food: 209.6 g protein (188.6 g intact protein of which 68% 

was casein and 32% was whey and 21 g was free l-leucine), 540.3 g carbohydrates, 52.5 

g fat (20.2 g corn oil, 10.2 g canola oil and 22.1 g fish oil (providing 6.9 g eicosapentaenoic 

acid (epa) and 3.1 g docosahexaenoic acid (dha))) with a p/s fat ratio of 4.0 and a (n-3): 

(n-6) ratio of 0.9, 50.0 g fibre of which 22.0 g cellulose, 19.8 g short-chain galacto-oligo 

saccharides 

!

Nutrients, per kg food Control diet SNC diet 

Total energy, kJ (kcal) 

 

15857 (3790) 

 

15862 (3791) 

 
Polyunsaturated : saturated fat ratio 

(n-3) : (n-6) ratio 

4.4 

0.014 

4.0 

0.9 

Total fat, g 

- corn oil 
- canola oil 
- fish oil 

- EPA 

- DHA 

52.6 

52.6 

0.0 

0.0 

0.0 

0.0 

52.5 

20.2 

10.2 

22.1 

~ 6.9 

~ 3.1 

Total carbohydrates, g 697.7 540.3 

Total intact protein, g 

- whey  
- casein  
- Free L-leucine 

125.8 

0.0 

125.8 

0.0 

188.6 

62.2 

126.4 

21.0 

Fibers, g 

- cellulose 

- GOS 
- lactose from GOS syrup 
- scFOS 

50.0 

50.0 

0.0 

0.0 

0.0 

50.0 

22.0 

19.8 

6.0 

2.2 

Mineral mix, g 

Vitamin mix, g 

L-Cystine, g 

Choline bitartate (41.1% choline), g 

tert-Butylhydroquinone (TBHQ), mg 

 

 

 

35.0 

10.0 

1.8 

2.5 

3.0 

 

 

35.0 

10.0 

1.8 

2.5 

3.0 

 

 

 

 
values represent the nutrients per kg food of the control diet and snc diet.

table 1  diet compositions based on ain-93m diet
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(gos, vivinal gos, Friesland domo Foods, Zwolle, the netherlands), 6.0 g lactose from gos 

syrup and 2.2 g short-chain fruto-oligosaccharides (Fos, beneo p95, orafti, wijchen, the 

netherlands) (table 1).

 the study focused on the three main experimental groups: the group receiving the con-

trol diet without any treatment (c, n=10), the group receiving control diet and p. aeruginosa 

and chemotherapy (c-pt, n=20) and the group receiving snc diet and p. aeruginosa and 

chemotherapy (snc-pt, n=20). since colonization and bacterial translocation of p. aerugi-
nosa could not be measured in group c, this group is not shown in colonization and trans-

location graphs (Figures 3 and 5).  moreover, to control the effects of p. aeruginosa and 

chemotherapy treatment, and to exclude potential interactions between the chemotherapy 

and the snc diet, three additional reference groups were added to the study (Figure 1). 

results from these groups didn’t show bacterial translocation or any other unexpected 

findings and are, for that reason, not mentioned in the paper.

 

PSeudomoNaS aerugINoSa
culture   

 p. aeruginosa strain pao-1 (attc baa-47)  was sub-cultured on nutrient agar 

and inoculated into trypticase soy broth (500 ml). the overnight culture was washed,  

concentrated and diluted to a concentration of approximately 1 x 109 cFu/ml in pbs (d-

pbs, invitrogen, merelbeke, belgium) + 3% bicarbonate (for neutralization of gastric acid) 

as determined by spectrophotometry (od600). the number of bacteria was confirmed by 

plating dilutions (in pbs) of bacteria on p. aeruginosa c-n selective supplement agar (ox-

oid, badhoevedorp, the netherlands).

determination of colonization

 at regular time-intervals fresh feces samples were collected from each mouse by 

placing the mice individually in a clean and empty cage for 5 minutes. the samples were 

weighted, diluted and homogenized. subsequently, the ph of the samples was measured 

and they were diluted in peptone physiological salt solution before plating on c-n agar with 

20 mg/l ampicillin. after overnight incubation at 37°c, the number of p. aeruginosa (cFu) 

per gram feces was determined. 

bacterial translocation to liver and lungs

 aseptically removed organs were collected in 0.5 ml buffered peptone water, weighted 

and homogenized (4°c) by using an ultra-turrax (iKa, autoclavable disposable turrax). ten-

fold dilution series were prepared in pbs and plated on nutrient agar and c-n agar plates.  

after overnight incubation at 37°c, the number of specific p. aeruginosa colonies and non-

specific colonies were determined.

hematology

 to determine white- and red blood cell count and differential heparinized blood was 

diluted 2 x with sterile physiological salt solution and was measured on the advia120tm 

hematology system (siemens, mijdrecht, the netherlands).
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Pge2 
 aNd CytoKINe meaSuremeNt

 prostaglandin e2 (pge2) in plasma was measured using a commercial anti-pge2 rab-

bit polyclonal antibody-based direct enzyme immunoassay (oxford biomedical research, 

oxford, mi, usa) according to the manufacturer’s protocol.  cytokines in plasma were mea-

sured using a commercial mouse cytokine 10-plex bead immunoassay (biosource, etten-

leur, the netherlands) according to the manufacturer’s protocol. 

StatIStICal aNalySIS

 all data were expressed as means ± sem or as medians (iQr; 25th-75th percentiles). 

statistical analysis was performed using spss 15.0 (spss benelux, gorinchem, the ne- 

therlands). comparisons between the groups were made using a one-way anova, followed 

by Fisher’s least significant difference (lsd) post hoc analysis when data were normally 

distributed. a non-parametric mann-whitney u-test or Kruskal-wallis test was performed 

when data were not normally distributed. For statistical analysis of correlations on data 

that were not normally distributed the spearman’s correlation test was performed. differ-

ences were considered significant at p < 0.05.
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reSultS
Body weIght aNd food INtaKe

 in the first part of the study a normal bodyweight curve was observed without any dif-

ferences between the three groups (Figure 2). From day 20 onwards, the increase in body 

weight was more pronounced in the snc-pt group compared to the c and c-pt group. after 

the chemotherapy treatment of both the c-pt and snc-pt groups, body weight declined 

compared to the c group.  however, the bodyweight in the snc-pt group was still signifi-

cantly higher than in the c-pt group (p < 0.05). after the chemotherapy treatment food in-

take was monitored daily, but no significant differences between the groups were observed.

P. aerugINoSa ColoNIZatIoN, Ph aNd BeNefICIal BaCterIa

 Five days after the p. aeruginosa infection a stable colonization was obtained, as ob-

served in previous validation experiments (data not shown).  on day 6, the mice in the p. 
aeruginosa groups were randomized on the basis of their colonization level (5.7 ± 0.2 log10 

cFu/g feces in the c-pt group vs 5.6 ± 0.2 log10 cFu/g feces in the snc-pt group) and body 

weight. subsequently, several times per week fresh feces samples were collected from 

individual mice to follow the colonization of the gut with p. aeruginosa (Figure 3). at day 13, 

the colonization of p. aeruginosa in the snc-pt group decreased significantly compared to 

the c-pt group (p < 0.05). afterwards both the levels in the c-pt and snc-pt group sta-

bilized but remained significantly different (p < 0.05). after the chemotherapy treatment, p. 
aeruginosa levels in fecal samples of both the c-pt and snc-pt group decreased, but at 

day 30 and day 31 the colonization in the snc-pt group was still significantly lower com-

pared to the c-pt group (p < 0.05).

!

figure 2 body weights of mice in the c, c-pt, and snc-pt groups. data are mean ± sem, n = 18 or 10 (c). *different  
  from c-pt, p < 0.05 (least significant difference test).
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in addition, the fecal ph of the mice in the snc-pt group were significantly lower at day 

7 and day 31 (ph 7.4 and 8.1, respectively) compared to the fecal ph in the c-pt group 

(ph 8.1 and 8.5, respectively at day 7 and day 31, p < 0.05).   besides the colonization of p. 
aeruginosa, the presence of beneficial bacteria was measured at several time points. at 

day 28 and day 33, significant higher numbers of lactobacilli were observed in the snc-pt 

group (10.9 ± 0.13 log10 cFu/g feces and 11.1 ± 0.35 log10 cFu/g feces, respectively, p < 

0.05) compared to the c-pt group (10.3 ± 0.16 log10 cFu/g feces and 10.4 ± 0.35 log10 cFu/g 

feces, respectively). bifidobacteria could hardly be detected in the feces of the mice in the 

different groups and showed a large variation. 

ChemotheraPy-INduCed NeutroPeNIa

 after the chemotherapy treatment, the mice in the c-pt and snc-pt group became 

severely neutropenic compared to the mice in the c group (p < 0.05, Figure 4a). moreover, 

the absolute number of lymphocytes (Figure 4b) and the total white blood cell count (data 

not shown) decreased significantly (p < 0.05). no differences were observed between the 

c-pt and snc-pt groups with respect to the numbers of the different cell types. 

P. aerugINoSa traNSloCatIoN

 at day 33, after the mice were killed, bacterial translocation of p. aeruginosa to liver and 

lungs was measured. the translocation incidence to the liver was significantly lower in the 

snc-pt group compared to the c-pt group (p < 0.05, Figure 5a), while the other experi-

mental groups did not show any translocation. 

in addition, the incidence of p. aeruginosa translocation to the lung tended to be lower in 

the snc-pt group compared to the c-pt group (p = 0.053).  the mice that died of infection

!

figure 3  p. aeruginosa colonization levels in individual fresh feces samples of the mice in the c-pt and  
  snc-pt groups. data are means ± sem, n = 18. *different from c-pt, p < 0.05 (mann-whitney u test).
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were included in the translocation analysis by giving them the highest score of transloca-

tion, as translocation can be expected in these mice. accordingly, there may be an effect on 

survival in the snc-pt group, since only 1 mouse died due to infection compared to 3 mice 

in the c-pt group.  besides the translocation incidence, the p. aeruginosa counts in the liver 

were also significantly decreased in the snc-pt group compared to the c-pt group (p < 

0.05, Figure 5b) and a trend was observed in translocation intensity to the lung (p = 0.057).

!

figure 4 absolute neutrophil (a) and lymphocyte (b) counts in a subgroup of mice in the c, c-pt, and snc-pt groups.  
  data are means ± sem, n = 9 (c), 13 (c-pt), or 10 (snc-pt). *different from c-pt, p < 0.05 (Kruskal-wallis  
  test).
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PlaSma CytoKINeS aNd Pge2

 the pro-inflammatory cytokines interleukin (il)-1β, il-6, tumor necrosis Factor 

(tnF)-α, interferon (iFn)-γ and the inflammatory mediator pge2 were measured in plasma 

after the mice were killed at day 33 (table 2). For all the cytokines a significant increase was 

observed in the c-pt group compared to the c group (p < 0.001). in the snc-pt group the 

levels of all the cytokines tended to be decreased compared to the c-pt group (p = 0.19, p = 

0.28, p = 0.097, p = 0.38 for il-1β, il-6, tnF-α and iFn-γ, respectively), but due to the high 

variance these effects were not significant. however, these pro-inflammatory cytokines 

correlated highly with bacterial translocation  (ρ = 0.78-0.82; p < 0.001). 

!

figure 5 p. aeruginosa translocation incidence (a) and intensity (b) to the liver and lungs of the mice in  
  the c-pt and snc-pt groups. data are percent of total number of mice (a) or means ± sem, n = 18 (b).  
  *different from c-pt, p < 0.05 (mann-whitney u test).

!
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dISCuSSIoN
 the present study demonstrates a significant reduction of bacterial translocation after 

dietary intervention with the snc in a mouse model for chemotherapy-induced neutrope-

nia. previous studies demonstrated that the complete snc, but not the individual ingre-

dients, induced beneficial immune modulatory effects in tumor-bearing mice (23), sug-

gesting that the snc might support the resistance to infections in a compromised host. 

in the current proof of concept study, functional effects of the snc were investigated in 

an immune compromised mouse model of chemotherapy-induced neutropenia, as a clini-

cally relevant model for anti-cancer treatment-induced infectious complications, in which 

the translocation of p. aeruginosa was measured as the primary outcome parameter. se- 

veral mechanisms might have played a role in the effects observed in this study, including 

modulation of the intestinal microbiota, beneficial effects on gut barrier function, immune 

function and a reduced inflammatory state. 

 as expected, chemotherapy treatment induced a strong reduction in the number of neu-

trophils, lymphocytes (Figure 4) and consequently in the number of total white blood cells 

(data not shown). however, no differences were observed after the intervention with the 

snc on either neutrophil or lymphocyte count. in general, chemotherapy-induced neu-

tropenia and lymphopenia result in suppression of the innate immune system, as well as 

the adaptive immune system, resulting in a high risk of bacterial infections (30). however, 

the chemotherapy-induced elimination of neutrophils and lymphocytes is not the only risk 

factor for bacterial translocation. the fact that the snc significantly reduced transloca-

tion of p. aeruginosa to liver and lungs can also be explained by a beneficial effect on the 

integrity of the intestinal mucosa, by decreasing the number of colonized p. aeruginosa in 

the intestine (Figure 3) or by improving immune cell function, rather than the number of 

immune cells, comparable with results observed in previous experimental mouse models 

(23). although this study focused on functional outcomes rather than mechanistic evidence, 

the current findings and previous data provide suggestions about the mechanisms involved.  

in the present study, mice were treated with a short course of antibiotics to enable the  

!

                    n 
IL-1! 

ng/L 

IL-6 

ng/L 

TNF-" 

ng/L 

IFN-# 

ng/L 

PGE2 

µg/L 

C 10 1.5 (1.5-1.5)
A
 0.1 (0.1-0.1)

A
 2.8 (2.8-2.8)

A
 1.4 (1.4-1.4)

A
 5.81 (4.65-8.02) 

C-PT 12 21.7 (6.0-86.2) 1830 (891-9030) 56.4 (43.0-252) 107 (29.9-180) 6.17 (5.90-7.40) 

SNC-PT 17 6.0 (1.5-42.0) 912 (4.30-5540) 10.0 (2.8-114) 54.3 (1.4-253) 5.75 (4.60-8.13) 

Correlation translocation 
intensity to the liver 

 ! = 0.82
B
 ! = 0.82

B
 ! = 0.78

B
 ! = 0.80

B
 ! = 0.26 

table 2  plasma levels of pro-inflammatory cytokines and pge2 of mice in the c group, the c-pt group and the snc- 
  pt group 

data are medians and iQr (25th-75th percentiles) and ρ (rho) for the correlation coefficient with bacterial translocation 
to the liver.  adifferent from c-pt, p < 0.001 (Kruskal-wallis test), bcorrelation between the specific cytokines and the 
translocation intensity to the liver, p < 0.001 (spearman’s correlation 2-tailed).
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gi colonization with p. aeruginosa that remained stable after the subsequent restoration of 

the normal gi microbiota. therefore, modulation of the metabolism or composition of the 

microbiota may have played a role in the observed effects, especially since the specific oli-

gosaccharides (gos)/Fos) are present in the snc. these non-digestible oligosaccharides 

are fermentable fibers with prebiotic properties, that have been associated with immune 

modulatory effects and other health benefits including an improved gut barrier function 

(31). although the present study provides no data on the intestinal integrity, the present 

study showed a significant reduction of fecal ph after dietary intervention with the snc. 

this might be the result of intestinal short-chain fatty acid (scFa) production, including bu-

tyrate, acetate and lactate, formed by the fermentation of the prebiotic oligosaccharides by 

the colonic microbiota, which can contribute to a restoration of the intestinal barrier func-

tion (31-33). accordingly, the reduced ph in the intestinal lumen can lead to the inhibition 

of pathogen growth and adhesion. Furthermore, the fermentation of the specific oligosac-

charides can stimulate the growth of beneficial bacteria as bifidobacteria and lactobacilli, 

which in turn can also inhibit pathogens by the production of antimicrobial substances (31, 

34). the percentage of these bacteria tended to be higher at multiple time points in the 

group receiving the snc diet compared to the groups receiving control diet (p = 0.06-0.6). 

at day 33, significant higher numbers of lactobacilli were detected, which might have con-

tributed to the reduced p. aeruginosa levels in the gi tract. since intestinal colonization of 

p. aeruginosa is a predictor of systemic infections (28, 35), the observed reduction in colo-

nization might contribute to the beneficial effect of the snc on p. aeruginosa translocation. 

consequently, in severely immune compromised subjects a reduction in bacterial translo-

cation to extra-intestinal sites might similarly lead to a reduction of septic morbidity (28).

  another explanation for the beneficial reduction of p. aeruginosa translocation by the 

snc is its potential effect on the reduced immune function of the host (27). as mentioned 

before, the specific oligosaccharides can modulate the immune system via a microbiota-

dependent (prebiotic) mechanism, but they may also affect immune function directly by 

blocking or activating specific receptors on immune cells leading to improved immune 

responses and eventually to enhanced resistance to systemic infections. moreover, the 

specific oligosaccharides might reduce the binding of p. aeruginosa on specific receptors 

leading to a decreased capability to infect (31). nevertheless, in previous studies in tumor-

bearing mice it was demonstrated that only the complete mixture of high protein, l-leucine, 

fish oil and specific oligosaccharides was able to enhance th1-mediated immunity and to 

reduce the inflammatory state (23). in the present study, the beneficial effects might be 

due to the combination of fish oil and oligosaccharides affecting the above mentioned risk 

factors as well, since also fish oil is associated with decreased levels of bacterial transloca-

tion and a reduced systemic inflammatory state (36-39). Fish oil contains high amounts of 

the (n-3) long-chain polyunsaturated fatty acids (puFas) eicosapentaenoic acid (epa) and 

docosahexaenoic acid (dha) playing a major role in the regulation of immune responses 

and inflammation (40-42). in the present study, the severe inflammatory state of the mice 
after chemotherapy-induced bacterial translocation is confirmed by the increase of the 
pro-inflammatory cytokines il-1β, il-6, tnF-α and iFn-γ in plasma. in addition, a signifi-

cant correlation was observed between the pro-inflammatory cytokines and the bacterial 

translocation intensity to the liver (p < 0.001), which is regarded by the authors as a marker 
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for systemic infection due to bacterial translocation from the gi tract. after dietary inter-

vention with the snc, all the cytokines tended to decrease compared to the c-pt group (p = 

0.097-0.38). this might be the result of both the anti-inflammatory effect of fish oil and the 

immune modulatory and prebiotic effect of the specific oligosaccharides. 

 the snc, containing high levels of protein and the branched chain amino acid l-leucine, 

is hypothesized to modulate metabolism, as it beneficially affected the tumor-induced ca- 

tabolic state, preserved muscle mass and function and significantly reduced loss of body 

weight in previous experiments (24).  in the present study, body weights were higher in mice 
fed the snc diet compared to mice fed the control diet from day 20 onwards, although food 
intake was comparable between groups. therefore this effect is attributed to differences 
in diet compositions and the associated modulation of the metabolism. in addition, after 
chemotherapy treatment, body weight in the snc-pt group was significantly higher than in 
the c-pt group, which was associated with a smaller loss of muscle and fat mass (data not 
shown) and could be due to a reduced inflammatory state and/or the high levels of protein 
and l-leucine in the snc.
 in this and previous studies, the choice was made to investigate the effects of n-3 puFa 
enrichment, addition of the oligosaccharides and high levels of protein and l-leucine in a 
test diet with a normal macronutrient composition for mice, based on the ain-93m defini-
tion (43). since the envisaged application of the snc concept in humans is an oral nutritio- 
nal supplement aimed at increasing total protein intake and increasing the relative n-3 puFa 
intake, the test and control diets were designed to be iso-energetic but not iso-nitrogenous. 
since the total dietary intake of the mice was not expected to be different between groups, 
this setup allowed to test a relative increase in protein and n-3 puFa intake. in order to study 
a good contrast between the test and control diets with regard to fatty acid composition, 
the ain-93m-based diets were modified with regard to the base fat source, replacing soy 
with corn oil. corn oil, containing a (n-3):(n-6) ratio of 0.014, was used as a base fat source 
that is highly predominant in n-6 puFas, similar to westernized types of diet although more 
outspoken. other parameters of the fat source, such as the total amount of fat and the p/s 
ratio were kept similar to the normal mouse diet. it is recognized that all aspects of the 
fat content of the diet play a role in the functional effects of dietary puFa interventions (44, 
45), but the choice was made to focus on a change in the (n-3):(n-6) puFa intake ratio. the 
relatively high levels of (n-6) puFa in the control diet might be argued to induce inflamma-
tion (40). however, in mice receiving the control diet, levels of pro-inflammatory cytokines 
were very low compared to the mice in the c-pt group (table 2), showing no spontaneous 
induction of inflammation. moreover, in previous studies in tumor-bearing mice, no diffe- 

rences on inflammation were observed between the use of low levels of soy oil compared to 

corn oil (23).  in the present proof of concept study, a model without the presence of a tumor 

was used, since it would complicate the model further, making it difficult to control well. 

For applications in human cancer patients, it is important to get insight into the relation 

between the tumor, the chemotherapy treatment and the nutritional ingredients, both for 

safety reasons, to explore the potential benefits and to optimize the nutritional intervention 
with regard to dose, composition, schedule of administration and target populations (44, 46). 
as mentioned before, this study focused on functional outcome parameters after nutri-

tional intervention with the snc in a mouse model featuring a clinically relevant pathogen. 

therefore, the mechanistic evidence is limited in this study and no direct parameters of 
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intestinal inflammation, intestinal permeability or intestinal immune cell depletion were 

measured. Future studies using histological techniques and functional analysis of in-

testinal permeability could provide more insight into the mechanisms that underlie the 

observed effects. the current model, using a relatively low dose of chemotherapy, was 

set-up to study morbidity, rather than mortality, in a sensitive way. therefore, this mo- 

del is thought to be most relevant for prevention of septic infections, rather than trea- 

ting and ameliorating the course of existing septic infections. in this sensitive model, we 

regarded translocation of p. aeruginosa, combined with elevated and highly correlated 

levels of serum inflammatory cytokines, as a marker for infection (25, 27, 28). other cli- 

nical symptoms of infections (e.g. fever, illness score) were not analyzed in these mice. 

however, since translocation is a necessary step in sepsis with pathogens of intestinal 

origin, it is argued that the protective effect on translocation is of potential clinical re- 

levance. although the induction of p. aeruginosa colonization does not correspond to the 

normal clinical exposure to the pathogen, the functional situation after colonization is clini-

cally relevant. in this regard, the model resembles the clinical situation in humans suffer-

ing from a quiescent intestinal infection that, e.g. after chemotherapy, surgery or trans-

plantation, leads to bacterial translocation and results in a severe sepsis (28). 

 in conclusion, dietary intervention with the snc significantly reduced the incidence and 

severity of p. aeruginosa translocation in chemotherapy-induced neutropenic mice by re-

ducing the translocation to liver and a similar trend in the lungs. in addition, the snc re-

duced the fecal ph which may at least partly explain the lower p. aeruginosa counts in fecal 

samples during the nutritional intervention phase of the experiment. plasma levels of pro-

inflammatory cytokines tended to be reduced and a strong correlation was observed with 

bacterial translocation to the liver. with the presence of high protein, l-leucine, fish oil and 

specific oligosaccharides in the snc, the underlying mechanism may involve a prebiotic 

as well as an immune modulatory effect. together with previous results showing benefi-

cial effects on cellular immunity, muscle function and body composition in tumor-bearing 

mice, these results might represent a new opportunity for applications in cancer patients 

to reduce (infectious) complications.
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aBStraCt 
 immune modulatory effects of eicosapentaenoic acid (epa) and docosahexaenoic acid 

(dha) are well described. however, these fatty acids must be incorporated effectively into 

cell membrane phospholipids to modify cell function. in order to address the absence of 

human data regarding short term incorporation, the present study investigated the incor-

poration of epa and dha into white blood cells (wbc) at different time points during one 

week of supplementation with a medical food, which is high in protein and leucine and 

enriched with fish oil and specific oligosaccharides. additionally, the effects on ex vivo im-

mune function were determined. 

 in a single-arm, open label study, twelve healthy men and women consumed 2 x 200 ml 

of medical food providing 2.4 g epa, 1.2 g dha, 39.7 g protein (including 4.4 g leucine) and 

5.6 g oligosaccharides daily. blood samples were taken at day 0 (baseline), 1, 2, 4 and 7. 

already after one day of nutritional intervention, the percentage of epa in phospholipids 

of white blood cells was increased from 0.5% at baseline to 1.3% (p < 0.001). after one 

week the percentage of epa rose to 2.8% (p < 0.001). additionally, the production of pro-in-

flammatory cytokines in lps-stimulated whole blood cultures was significantly increased 

within one week. 

 nutritional supplementation with a fish-oil enriched medical food significantly increased 

the percentage of epa in phospholipids of white blood cells within one week. simultane-

ously, ex vivo immune responsiveness to lps was increased significantly. these results 

hold promise for novel applications, such as fast-acting nutritional interventions in cancer 

patients, which should be investigated in future studies. 
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INtroduCtIoN
 immune modulatory effects of long-chain polyunsaturated fatty acids (puFa) are well 

described. both (n-6) and (n-3) puFa are recognized to play a major role in immune regula-

tion and the balance between them may affect the development and severity of inflamma-

tory diseases (1, 2). immune cell function and interactions are regulated by several mem-

brane-associated events, including the production of different protein and lipid mediators 

that are essential in managing a successful immune response (3-5). puFa are precursors 

for the production of different series of eicosanoids (4), in which prostaglandin e2 (pge2) is 

a major metabolite of the (n-6) fatty acid pathway. pge2 has pro-inflammatory properties 

and is able to suppress different immunological effector mechanisms (6-8). by contrast, 

eicosanoids derived from (n-3) puFa differ in structure and function and are generally con-

sidered less inflammatory than (n-6) puFa derived eicosanoids (5).

 to modify cell function and to obtain beneficial immune modulatory effects, epa and 

dha have to be incorporated effectively into cell membrane phospholipids. in the literature, 

the majority of the studies providing epa and dha examine fatty acid incorporation and 

immune modulatory activities after 4, 8 or 12 weeks of supplementation (9-12). in human 

immune cells, near plateau levels were reached after 4 weeks of nutritional intake, fol-

lowed by a small rise towards week 8 and week 12 (11, 13-15). gibney et al. examined the 

incorporation of fatty acids after 2 weeks of intervention with 15 g/d (n-3) puFa rich marine 

oil (providing 4.2 g/d epa and 1.4 g/d dha) and demonstrated a significant incorporation of 

epa but not dha into the membrane phospholipids of platelets, neutrophils, monocytes, t-

lymphocytes and b-lymphocytes (16). to the best of our knowledge, no faster incorporation 

rates have been described using oral administered puFa.

 it is anticipated that effects of oral (n-3) puFa intake may be obtained much faster than 

4 or even 2 weeks. epa and dha incorporation into cell membranes can occur very rapidly, 

since white blood cells have a high turnover and epa can exchange rapidly from plasma to 

immune cells (16). Furthermore, there is a continuous biogenesis of new membrane lipids 

in white blood cells and a high turnover of membrane phospholipids by re-acylation after 

activation (17, 18). Finally, the absorption of fish oil and consequently the incorporation of 

epa and dha can be improved and will be more efficient by use of pre-emulsified fish oil 

(19, 20). 

 in order to address the absence of human data regarding short term incorporation after 

oral nutritional intervention in the literature, the present study investigates the incorpora-

tion of epa and dha into white blood cell (wbc) phospholipids at different time points du- 

ring one week of supplementation with a recently developed medical food* in healthy men 

and women. this medical food is high in protein and leucine and enriched with emulsified 

fish oil (containing epa and dha) and a specific oligosaccharide mixture. this concept was 

developed for application in cancer patients, aiming to reduce complications and to provide 

optimal treatment support by reducing the inflammatory state, supporting immune func-

tion and preserving muscle mass and function.  these effects have been demonstrated in 

previous preclinical studies using an animal model of tumor-induced cachexia (21, 22). 

to support the functional effects of the fatty acid incorporation in combination with the 

immune modulatory oligosaccharides present in the specific medical food, the effects on 
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ex vivo immune responsiveness were investigated in lipopolysaccharide (lps)-stimulated 

whole blood cultures. the present study was performed in healthy volunteers and designed 

as a proof of concept study, in preparation for a randomized, controlled efficacy study in 

cancer patients.  

*a medical food is in usa defined in 21 u.s.c. § 360ee(b)(3) as ‘‘a food which is formulated 

to be consumed or administered enterally under the supervision of a physician and which 

is intended for the specific dietary management of a disease or condition for which distinc-

tive nutritional requirements, based on recognizable scientific principles, are established 

by medical evaluation’’ (23). a comparable definition exists in the harmonized legislation 

of the european union (cf. article 1, 2(b) of commission directive 1999/21/ec of 25 march 

1999 on dietary foods for special medical purposes).

methodS 
PartICIPaNtS aNd Study deSIgN

 twelve healthy caucasian volunteers with an age above 55 years and a bmi between 18.5 

and 30 kg/m2 were recruited for the study from the database of the clinical research unit 

of ampha (nijmegen, the netherlands). at this age women are most probably in a post-

menopausal phase and therefore no gender differences were expected. all participants 

were willing and able to abstain from alcohol, smoking, fish, fish oil-containing supple-

ments, vitamin supplements or other oil supplements during the study. excluded from the 

study were participants who were intolerant of or allergic to ingredients of the study pro- 

ducts,  participants who had used fish oil-containing supplements, vitamin supplements or 

other oil supplements during the previous 4 weeks, participants who had smoked within 6 

months before the study, participants with an altered immune function (e.g. active infection 

or active allergy), participants who used immunosuppressive or immune modulatory medi-

cation and  participants with any condition that might interfere with the definition “healthy 

volunteer” according to the investigator’s judgment.

 after initial screening, subject characteristics, relevant medical history and fish and al-

cohol consumption habits were recorded. before visit 1, one unit of basic medical food (200 

ml oral nutritional supplement] was consumed by the participants to minimize differences 

at baseline. at visit 1 (baseline, day 0) blood samples (40 ml) were collected in the mor- 

ning within 2 hours of intake of the basic medical food. an additional breakfast before blood 

sampling was not allowed. active medical food products were dispensed to the participants 

with the request to take 2 units (2 x 200 ml) of active medical food a day. at visit 2 (day 1), 3 

(day 2), 4 (day 4) and 5 (day 7) blood samples (40 ml) were collected in the morning within 2 

hours of intake of one unit of the active medical food. an additional breakfast before blood 

sampling was not allowed. the study was conducted in compliance with the principles of 

the ‘declaration of helsinki’ (59th wma general assembly, seoul, october 2008) accor- 

ding to the ich-gcp guidelines. both the selection procedure and visits were performed by 

the clinical research unit of ampha. all participants gave their written informed consent 

before the start of the study. the study was approved by the independent review board 

nijmegen, nijmegen, the netherlands. 
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NutrItIoNal INterveNtIoN

 during the study all participants consumed 2 units (2 x 200 ml) of the active medical food 

(Forticare containing high protein, leucine, fish oil and specific oligosaccharides, nutricia, 

Zoetermeer, the netherlands, table 1) providing 2.4 g epa and 1.2 g dha daily. the ac-

tive medical food is an energy dense (682 kJ per 100 ml/163 kcal per 100 ml), nutritionally 

complete oral supplement, high in protein and leucine (9.9 g protein per 100 ml of which 3.2 

g whey protein per 100 ml, 5.6 g casein per 100 ml and 1.1 g free leucine per 100 ml) and 

enriched with emulsified fish oil (0.6 g epa and 0.3 g dha per 100 ml) and specific oligosac-

charides (1.2 g galactooligosaccharides (gos) and 0.2 g fructooligosaccharides (Fos) per 

100 ml). before visit 1 all participants consumed one unit of basic medical food (200 ml oral 

nutritional supplement, nutricia, Zoetermeer, the netherlands). 

!

Ingredients 
Active  

medical food 

Macronutrients 

Energy, kJ (kcal) 

Carbohydrates, g 

 

 

 

682 (163) 

17.4 

 Protein, g 

- Whey, g 

- Casein, g 

- Added amino acids: free leucine, g 
Total fat, g 

- EPA, g 

- DHA, g 
Oligosaccharides, g 

- GOS, g 

- FOS, g 

 

9.9 

3.2 

5.6 

1.1 
5.3 

0.6 

0.3 
1.4 

1.2 

0.2 

 

 

 

 

 

 

Minerals & trace elements 

Sodium, mg 

Potassium, mg 

Chloride, mg 

Calcium, mg 

Phosphorus, mg 

Magnesium, mg 

Iron, mg 

Zinc, mg 

Copper, µg 

Manganese, mg 

Fluoride, mg 

Molybdenum, µg 

Selenium, µg 

Chromium, µg 

Iodine, µg 

 

 

110 

215 

140 

147 

115 

28.2 

1.9 

2.1 

288 

0.7 

0.2 

16.0 

13.5 

11.0 

21.0 

 
Vitamins 

Vitamin A (retinol), µg 

Vitamin D3 (cholecalciferol), µg 

Vitamin E (!-tocopherol), mg 

Vitamin K, µg 

Vitamin B1 (Thiamin), mg 

Vitamin B2 (Riboflavin), mg 

Vitamin B3 (Niacin), mg 

Vitamin B5 (Pantothenic acid), mg 

Vitamin B6, mg 

Vitamin B9 (Folic acid), µg 

Vitamin B12 (Cobalamin), µg 

Vitamin H (B7, Biotin), µg 

Vitamin C (L-ascorbic acid), mg 

Carotenoids, mg 

 

 

130 

1.1 

3.2 

8.5 

0.2 

0.3 

2.9 

0.9 

0.6 

53 

0.6 

6.4 

21 

0.3 

 
Other 

L-Carnitine, mg 

Choline, mg 

Taurine, mg 

 

 

10.9 

59 

13.3 

 

table 1 nutritional composition of the actice medical food (Forticare) in grams per 100 ml.
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the basic medical food is an iso-energetic oral supplement without fish oil enrichment or 

specific oligosaccharides. besides the restrictions mentioned above, no other diet restric-

tions applied for the healthy volunteers. 

INCorPoratIoN of fatty aCIdS INto PhoSPholIPIdS of wBC, rBC aNd PlaSma

wbc and rbc isolation   

 wbc were isolated using sterile leucosep tubes (greiner bio-one b.v., alphen aan 

den rijn, the netherlands). in short, 30 ml heparinized blood was diluted with 10 ml pbs 

(gibco brl, life technologies, merelbeke, belgium) + 2% heat-inactivated fetal calf serum  

(Fcshi) (hyclone, perbio science, etten-leur, the netherlands) and divided over two leu-

cosep tubes pre-filled with Ficoll-isopaque. tubes were centrifuged for 10 min at 1000 

g (rt, no brake). after centrifugation, wbc were collected and washed with pbs + 2%  

Fcshi. wbc were resuspended in cold culture medium (rpmi-1640 containing 25 mmol/l 

hepes and 2 mmol/l l-glutamine; life-technologies, enriched with 100 ku/l penicil-

lin/streptomycin) with 10% Fcshi and counted with a coulter counter (beckman coulter,  

mijdrecht, the netherlands). subsequently, wbc were transferred to an eppendorf tube 

and centrifuged for 10 min. at 17000g (rt). the supernatant was discarded and the pellet 

was stored at -80°c until analysis. 

 rbc were collected after the centrifugation step. one ml of the rbc pellet was pipetted 

into an eppendorf tube and rbc were stored at -80°c until analysis.

 plasma was obtained by centrifugation of 5 ml heparin blood for 5 min at 1300 g (rt). 

plasma was aliquoted and stored at –80°c until analysis.

phospholipid fatty acid analysis   

 phospholipid fatty acids were analyzed by gas chromatography as described before (21).

ImmuNologICal aNalySIS

whole blood assay   

 blood (100 μl/well) was added to 50 μl/well culture medium in a 96-well plate (flat-

bottom, polystyrene, bd Falcon erembodegem aalst, belgium) and was subsequently in-

cubated with 50 μl/well lps (final concentration 100 μg/l, e.coli, b55:o55, sigma-aldrich 

chemie, steinheim, germany) or culture medium (control) for 20 h at 37°c in a humidified 

environment containing 5% co2. afterwards, plates were centrifuged for 5 min at 250 g (rt) 

and supernatants were harvested and stored at –80°c until analysis. 

serum isolation

 Five ml blood was collected in serum tubes (clotting tubes) and incubated for a mini-

mum of 2 h at rt. afterwards, blood was centrifuged for 10 min at 1300 g (rt). serum was 

harvested, aliquoted into eppendorf tubes and stored at -80°c until analyses.

pge2 and cytokine measurement  

 pge2 was measured using a commercial enzyme immunoassay (biotrak amersham, 

buckinghamshire, uK) according to the manufacturer’s protocol. cytokines (il-1β, il-6, 

il-8, iFn-γ and tnF-α) were measured using a commercial custom-made human bio-
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plex cytokine bead immunoassay (bio-rad, veenendaal, the netherlands) according to the 

manufacturer’s protocol. 

StatIStICal aNalySIS

 comparisons between the different visits and baseline were made on an intention-

to-threat basis with anova using sex as a covariate (spss version 15.0, spss benelux, 

gorinchem, the netherlands). if the variables were not normally distributed (analyzed with 

the Kolmogorov-smirnov test with lilliefors significance correction), the wilcoxon signed 

rank test was used. because four comparisons were made between the different visits and 

baseline, bonferroni post-hoc analysis was applied to correct for multiple testing. a p-value 

of 0.0125 was considered to be statistically significant, based on α/k, in which α = 0.05 and 

k is the number of comparisons. in all other cases, a value of p < 0.05 was considered to be 

statistically significant. data presented in the text were given as means ± sem. 

reSultS
PartICIPaNtS

 a total of 12 caucasian healthy volunteers (6 men and 6 women) were included in the 

study with a mean age of 62.0 ± 4.5 years and a bmi of 25.6 ± 3.2 kg/m2 (table 2).  all 12 

men and women completed the study with 9 participants consuming all units of the active  

table 2 Baseline charactertistics of the healthy Caucasian perticipants

Variables Participants (n=12) 

Sex, n (%) 

      Female 
      Male 

 

6 (50.0%) 
6 (50.0%) 

Age, years 62.0 ± 4.5 

BMI, kg/m
2
 25.6 ± 3.2 

Fish consumption, n (%) 

      None 

      White fish 

      Fatty fish 

      Both  

 

1 (8.3%) 

2 (16.7%) 

3 (25.0%) 

6 (50.0%) 

Fatty fish consumption, n (%) 

      Every day 

      Three times a week 

      Two times a week 

      Once a week 

      Two times a month 

      Once a month 

      Once in two months 

 

- 

- 

2 (22.2%) 

1 (11.1%) 

2 (22.2%) 

4 (44.4%) 

- 

Alcohol consumption (per week), n (%) 

      None 

      1-10 glasses
1
 

      11-20 glasses 

      > 20 glasses 

 

4 (33.3%) 

8 (66.7%) 

- 

- 

!

data are means ± sd or n (%), n = 12,1 one glass of alcohol ≈ 10 g ethanol.
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medical food (100% compliance) and one unit of the basic medical food. two participants 

missed one unit (94% compliance) and one subject missed two units (88% compliance) of 

the active medical food. there was no difference in the bmi of the participants before (25.6 

± 3.2 kg/m2) and after the study (25.5 ± 3.0 kg/m2). no serious adverse events were reported 

during the study and no unexpected adverse events were observed.

fatty aCId ComPoSItIoN of wBC, rBC aNd PlaSma   

 the incorporation of different puFa into phospholipids of wbc, rbc and plasma was 

measured (Figure 1). in addition, the percentages of (n-3) and (n-6) fatty acids and the ratio 

of (n-6)/(n-3) fatty acids were determined (table 3).  after one day of nutritional supple-

mentation the percentage of epa of total fatty acids in phospholipids of wbc was increased 

significantly from 0.5% at day 0 (baseline) to 1.3% (p < 0.001)(Figure 1a). after one week 

the percentage of epa rose to 2.8% (p < 0.001, compared to baseline). no effect was ob-

served on the percentage of dha in phospholipids of wbc after one week of nutritional  

supplementation, whereas the percentage of docosapentaenoic acid (dpa, (n-3)) increased 

significantly within one week (p < 0.001). the percentage of aa was reduced from day 2 

onward (p < 0.001). after one day of nutritional supplementation the percentage of (n-3) 

fatty acids was increased from 5.6% at day 0 (baseline) to 6.8% (p < 0.001) and at day 7 

the percentage of (n-3) fatty acids was increased further to 9.4% (p < 0.001, compared to 

baseline) (table 3). correspondingly, the percentage of (n-6) fatty acids in phospholipids of 

wbc was significantly decreased after one week (p < 0.001), as was the ratio of (n-6)/(n-3) 

fatty acids.

 in rbc, the percentage of epa was significantly increased after one day of nutritional 

supplementation and increased further to day 7 (p < 0.001)(Figure 1b). Furthermore, in 

rbc an increase in the percentage of dha was observed. dpa (n-3) showed a small but 

significant increase after one week of nutritional intervention (p < 0.001). the (n-6) fatty 

acid aa demonstrated a significant reduction at day 2 (p = 0.001), although at day 4 and 

table 3 percentage of (n-3) and (n-6) fatty acids and the (n-6)/(n-3) fatty acids ratio of total phospholipid fatty acids  
  in wbc and rbc and plasma of healthy men and women during 1 week of nutritional intervention with the  
  fish oil-enriched, high-protein medical food.

 

Day 

 

n-6 PUFA 

WBC 

n-3 PUFA 

 

n-6 / n-3 

 

n-6 PUFA 

RBC 

n-3 PUFA 

 

n-6 / n-3 

 

n-6 PUFA 

Plasma 

n-3 PUFA 

 

n-6 / n-3 
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data are means ± sd, n = 12. letters indicate different from d 0 (baseline): ap < 0.001, bp = 0.009, cp = 0.004 (anova).
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!

figure 1 percentages of the (n-6) puFa aa and the (n-3) puFa epa, dpa, and dha in total phospholipid fatty acids  
  in wbc (a), rbc (b), and plasma (c) of healthy men and women during 1 week of nutritional intervention with  
  the fish oil-enriched, high-protein medical food. data are means (%) ± sd, n = 12. *different from day 0 
  (baseline) p ≤ 0.001 (anova).

!

!
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day 7 no significant differences could be detected. the percentage of (n-3) fatty acids was 

significantly increased and the percentage of (n-6) fatty acids and the ratio of (n-6)/(n-3) 

fatty acids were significantly decreased already after one day of nutritional intervention  

(p = 0.009, p = 0.004 and p < 0.001, respectively).              

 in the plasma phospholipids, the percentages of epa, dha and dpa (n-3) all increased 

from baseline at day 1, 2, 4 and 7 (p < 0.001)(Figure 1c). aa only demonstrated a significant 

reduction at day 7 (p < 0.001). the percentage of (n-3) fatty acids was significantly increased 

and the percentage of (n-6) fatty acids and the ratio of (n-6)/(n-3) fatty acids were signifi-

cantly decreased already after one day of nutritional intervention (all p < 0.001).

ImmuNologICal aNalySIS

whole blood assay   

 the production of the pro-inflammatory mediators was measured in lps-stimulated 

whole blood (Figure 2). a good stimulation response was observed for all the pro-inflam-

matory mediators at the different time points. the production of il-1β and tnF-α increased 

significantly in response to lps after 4 days of nutritional intervention (p = 0.009 and p < 

0.001, for il-1β and tnF-α respectively, Figure 2a). the production of il-6 and il-8, showed 

the same pattern as for il-1β and tnF-α, and was significantly increased within one week 

of nutritional intervention (p < 0.001 and p = 0.001 for il-6 and il-8, respectively, Figure 2b). 

the effect on lps-stimulated iFn-γ production was even more pronounced. already within 

one day of nutritional intervention a significant increase was observed on the production of 

iFn-γ in response to lps (p < 0.001, Figure 2c). by contrast, the lps-stimulated pge2 pro-

duction was not altered after nutritional intervention (Figure 2c). levels of pge2 tended to 

be lower compared to baseline at day 4 (p = 0.09), but this was not statistically significant.

serum cytokines   

 serum cytokines were difficult to measure in healthy volunteers, since concentrations 

were mostly around the lower detection limits of the assays used (table 4). the nutritional 

intervention did not affect serum il-1β and il-6 concentrations, however these concentra-

tions were very low. serum il-8 concentrations however, were significantly increased after 

one week (p = 0.008). no differences were observed on serum concentrations of tnF-α and 

iFn-γ, whereas serum pge2 concentrations were significantly decreased at day 2. From day 

3 onwards, pge2 concentrations reverted back to the baseline values.

dISCuSSIoN
 the present study demonstrated the rapid incorporation of epa and dha into phos-

pholipids of wbc, rbc and plasma within one week of nutritional supplementation with a 

medical food enriched with emulsified fish oil. in addition, immune responsiveness to lps 

in ex vivo whole blood cultures was modulated as a result of the nutritional intervention.

 at baseline, the percentages of the (n-6) puFa aa and the (n-3) puFa epa, dpa and dha  

of total phospholipid fatty acids in wbc and plasma were comparable with percentag-

es measured in previous studies (11, 12, 24). after nutritional supplementation with the 

fish oil enriched medical food, the percentage of epa in phospholipids of wbc increased  
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!

!

!

figure 2 concentrations (μg/l) of il-1β and tnF-α (a), il-6 and il-8 (b), and iFn-γ and pge2 (c ) in lps-stimulated  
  whole blood cultures of healthy men and women during 1 wk of nutritional intervention with the fish oil- 
  enriched, high-protein medical food. data are medians (μg/l) ± iQr (25th–75th percentiles), n = 12 for a and  
  means (μg/l) ± sem, n = 12 for b and c. *different from d 0 (baseline), p < 0.010 (anova).
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significantly within one week. surprisingly, this increase was already significant after one 

day. in addition, the epa levels that were reached within one week (2.8 ± 0.4 %), are compa-

rable with the levels described in the literature after a 4-, 8- or even 12-week intervention 

period (13). Yaqoob et al. described epa incorporation in blood mononuclear cells from 

0.8% of total lipids at baseline to 2.5% after 4 weeks and 2.8% after 8 weeks of supple-

mentation with fish oil providing 2.1 g epa and 1.1 g dha per day (15). moreover, rees et 

al. demonstrated epa incorporation in blood mononuclear cells from 0.6% of total phos-

pholipids at baseline to 2.7% after 12 weeks of supplementation with fish oil providing 

2.7 g epa and 0.6 g dha per day (12). in this respect, the results from the current study, 

obtaining comparable epa levels within one week of nutritional intervention (providing 2.4 g 

epa and 1.2 g dha daily) are surprising and suggest the attainment near a plateau already 

within one week. rapid incorporation of epa into platelet phospholipids has already been 

shown after intravenous administration of fish oil (25), but the current study demonstrates 

that such fast effects can also be obtained by oral administration of a specific nutritional 

intervention containing pre-emulsified fish oil. 

 no effects were observed on the incorporation of dha into wbc within one week. simi-

lar observations were described before, demonstrating a significant increase in epa in-

corporation in plasma, platelets, neutrophils, monocytes, t and b cells after a 2-week 

intervention period, while no effects on dha were observed, (16). the authors stated that 

changes in plasma phospholipid fatty acid composition do not allow a prediction of the 

probable composition of the immune cells, with the notable exception of epa. it has been 

suggested that the turnover of dha in membranes is slower than that of epa, with the 

hypothesis that dha is located in the inner leaflet of the phospholipid bilayer and does 

not exchange with plasma phospholipids (26). another factor may be that dha levels in 

phospholipids of wbc at baseline are already much higher than epa levels (Figure 1a) and 

therefore more refractory to change. in addition, the body might conserve dha better than 

epa, since the conversion from α-linolenic acid (ala), an essential fatty acid in the diet, to 

epa is more efficient than the conversion to dha. therefore, because the body can obtain 

more epa from ala it may be more protective of dha (27-29). 

table 4 serum concentrations of pro-inflammatory cytokines and pge2 (ng/l) of healthy men and women during  
  one week of nutritional intervention with the fish oil-enriched, high-protein medical food

!

Day IL-1! 

ng/L 

IL-6 

ng/L 

IL-8 

ng/L 

IFN-" 

ng/L 

TNF-# 

ng/L 

PGE2 

ng/L 

0 1.5 (1.5-1.5)  0.8 (0.8-0.9)  7.8 (6.0-11.4)  5.3 (4.6-10.3)  2.6 (2.6-10.0)  623 (332-1190)  

1 1.5 (1.5-1.5) 0.8 (0.8-2.1) 7.6 (6.4-9.3) 5.6 (4.6-10.3) 3.8 (2.6-10.2) 400 (343-880) 

2 1.5 (1.5-1.5) 0.8 (0.8-3.2) 5.9 (5.6-7.1) 4.6 (4.6-7.5) 4.6 (2.6-11.0) 265 (199-412)
B

 

4 1.5 (1.5-1.5) 0.8 (0.8-1.0) 7.6 (6.4-8.9) 4.9 (4.6-9.1) 3.2 (2.6-6.8) 444 (264-1000) 

7 1.5 (1.5-1.5) 0.8 (0.8-1.1) 14.5 (9.0-25.7)
A
 5.9 (4.6-11.0) 3.0 (2.6-6.3) 626 (401-1060) 

!

data are medians ± iQr, n = 12. letters indicate different from d 0 (baseline): ap = 0.008, bp = 0.014 (wilcoxon signed 
rank-test).
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whereas no effects on dha were observed in wbc, dpa levels showed the same pattern as 

epa and were already significantly increased after one day of nutritional intervention. it is 

unlikely that this increase is only caused by the dpa from the product, since these levels are 

relatively low (68.4 mg dpa per 100 ml in the active medical food). therefore, it is likely that 

epa is readily elongated to dpa, leading to an accumulation of dpa, as the conversion from 

dpa to dha is inefficient (12, 29). the present study demonstrated that the incorporation of 

epa in rbc is slower than in wbc and doesn’t reach such high levels within one week. pos-

sible explanations are the long lifespan of rbc (120 days vs approximately 4 days for wbc) 

and the slow exchange of fatty acids from plasma to membrane phospholipids (30). another 

factor may be a difference in fatty acid or phospholipid metabolism of the cells.

 in the present study, the increased percentage of (n-3) fatty acids in wbc, rbc and plas-

ma phospholipids was partly at the expense of the (n-6) puFa aa (Figure 1a, 1b and 1c). 

although the production of the aa-derived eicosanoid pge2 in lps-stimulated whole blood 

was not reduced significantly, the observed tendency may be explained by a decreased 

availability of aa as substrate and/or by the inhibition of aa metabolism by (n-3) puFa (5, 

12, 31). dooper et al. described the ability of pge2 to inhibit tnF-α and iFn-γ production 

in ex vivo stimulated mononuclear cells (32). indeed, in this study, the tendency of reduced 

lps-stimulated pge2 production was accompanied by an increased production of the cy-

tokines il-1β, tnF-α, il-6, il-8 and iFn-γ, indicating immune modulatory effects already 

within one week of nutritional intervention. 

 many earlier studies, reviewed by sijben et al., have examined the effects of long-chain 

(n-3) puFa on lps-stimulated cytokine production (33). the outcomes of these studies 

show a large variance, probably due to differences in the culture conditions (e.g. purified 

mononuclear cells or whole blood; use of Fcs or autologous serum; lps concentration 

used; duration of culture). nevertheless, such rapid immune modulatory effects as seen 

in the current study have not been described earlier to the best of our knowledge. the 

observed increased production of lps-stimulated pro-inflammatory cytokines could be 

beneficial for an individual’s ability to react to acute infectious triggers. moreover, specific 

situations have been described in which a positive inflammatory response is protective 

against septic complications and death in critically ill humans (34). on the other hand, oth-

ers have interpreted enhanced lps-stimulated cytokine responses to be indicative of an 

elevated (chronic) inflammatory state (35, 36). to determine whether the observed changes 

in immune function translate into clinical benefits, specific studies need to be performed in 

the proper target population.

 cancer patients are recognized to be hampered by serious immune failures due to di- 

sease and treatment-related factors (37-40). moreover, cancer patients often start with 

a treatment regimen (e.g. chemotherapy, radiotherapy, surgery) soon after diagnosis. 

therefore, it may be beneficial to supply a fast acting product to these patients to reduce 

complications and to provide optimal treatment support. the combination of previous and 

current results are promising for short term effects in cancer patients, potentially support-

ing protective immunity and reducing systemic levels of pro-inflammatory cytokines, but 
as mentioned above, this has to be investigated in future studies. in healthy volunteers, it 

is difficult to measure systemic pro-inflammatory cytokines, since the concentrations are 

around the detection limits of the assays used. For il-8 a significant increase was observed 
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at day 7, but these concentrations are still within normal healthy control ranges compared 

with other studies (14.5 vs 13.4 ng/l, respectively), while concentrations of il-8 in head and 

neck cancer patients are reported to be higher (41). moreover, in previous animal studies in 

severe cachectic mice, nutritional intervention with a specific nutritional combination con-

taining the same product features as the described medical food (i.e. high protein, leucine, 

fish oil and specific oligosaccharides) resulted in reduced plasma concentrations of il-6, 

tnF-α and pge2 and moreover, in improved in vivo th1 immune responses (21).

 while the present study indicated that the cancer specific medical food induced a rapid 

incorporation of epa in wbc and consequently induced immune modulatory effects within 

one week, the lack of a control group limits the ability to attribute the changes exclusively 

to the study product. the observed rapid incorporation of fatty acids in plasma and mem-

brane phospholipids can only be explained by the intake of fish oil supplied in the medi-

cal food. however, the immune modulatory effects cannot be attributed solely to the epa 

incorporation, since previous animal studies have shown that only nutritional intervention 

with the complete combination of high protein, leucine, fish oil and specific oligosaccha-

rides, induced anti-inflammatory and immune modulatory effects (21). moreover, the study 

population recruited for the study was aged above 55 years. since epa and dha incorpora-

tion might be more efficient in older people compared to young people (3), the findings in 

this study cannot be generalized to all age groups.  

 no unexpected related adverse events were observed; the majority of adverse events 

were of gastrointestinal origin and were considered as being mild. no additional safety 

parameters were measured since the duration of the study was only one week and in a 

previous 4-week intervention study using the same nutritional intervention (manuscript in 

preparation), analyzed safety parameters were all within reference ranges and no clinically 

relevant changes on liver function, kidney function or prothrombin time were observed. 

 in conclusion, nutritional intervention of healthy volunteers with a cancer specific medi-

cal food, which is high in protein and leucine and enriched with emulsified fish oil and 

specific oligosaccharides, significantly increased the percentage of epa in phospholipids 

of wbc within one week. in addition, the ex vivo immune responsiveness to lps was in-

creased significantly. the current results are promising for achieving rapid results with nu-

tritional intervention a clinical setting. whether this approach can reduce the inflammatory 

state and support immune function, with the aim to provide optimal treatment support, is 

currently being investigated in cancer patients. 
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aBStraCt 
 in cancer patients, metabolic alterations and reduced immune competence lead to 

wasting and an increased risk of (infectious) complications. in the present study, the effect 

of a nutritionally complete medical food, which is high in protein and leucine and enriched 

with fish oil and specific oligosaccharides, was investigated on immune function in patients 

with esophageal cancer. 

 in an explorative, randomized, controlled, double-blind study, 64 newly diagnosed 

esophageal cancer patients consumed 400 ml of a medical food or routine nutritional sup-

port daily for 4 weeks before the start of anti-cancer therapy. blood samples were taken at 

day 1 (baseline) and day 28 to measure several immune parameters. additionally, 40 age-

matched healthy volunteers were included for baseline comparisons. 

 at baseline, no differences between healthy volunteers and the patient population were 

observed on ex vivo stimulations of blood mononuclear cells and subsequently, no effect of 

the nutritional intervention could be detected. several inflammatory serum markers were 

significantly higher in patients compared to volunteers at baseline. after nutritional inter-

vention, serum prostaglandin e2 (pge2) levels were significantly decreased in the medical 

food group and increased in the routine group (p = 0.002). in addition, body weight increased 

significantly (p < 0.05) and ecog performance status was significantly improved after inter-

vention with the medical food (p < 0.05).

 nutritional intervention with the specific medical food significantly reduced serum pge2 

levels in newly diagnosed esophageal cancer patients. this effect was accompanied by a 

significant increase in body weight and an improved performance status.
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INtroduCtIoN
 the majority of cancer patients becomes malnourished and loses weight during the 

course of their disease. worldwide, the incidence of malnutrition during cancer ranges 

from 30 to 90%, being most prevalent in patients with esophageal, pancreatic, lung, pros-

tate or colon cancer (1-5). the incidence and severity of malnutrition is affected by the 

type, location, grade and stage of the tumor, as well as by anti-cancer treatments, patient 

characteristics and individual susceptibility (2, 4). severe and prolonged malnutrition can 

lead to cancer cachexia, which is a major contributor to morbidity and mortality, espe-

cially in advanced disease. characteristics of this chronic condition of catabolism include 

progressive, involuntary weight loss, anorexia, asthenia, fatigue, depletion of lipid stores 

and severe loss of skeletal muscle proteins (6, 7). other important features of the cachexia 

syndrome include the presence of a chronic inflammatory state and, paradoxically, a state 

of impaired immune responsiveness (6, 8, 9). several mediators that are either tumor- or 

host-derived (e.g. pro-inflammatory cytokines, chemokines and prostaglandins) induce a 

cascade of events leading to a suppressed immune function, thereby reducing the acute 

response to infectious triggers (6, 10-12). this compromised immune competence may 

lead to increased complications, delayed or suboptimal anti-cancer treatment and even 

to accelerated disease progression, resulting ultimately in a decreased quality of life and 

reduced survival rates in patients (13-17). 

 to reduce the risk of (infectious) complications and to support the performance status 

of cancer patients, a multidisciplinary approach should be applied in which nutritional in-

tervention is recommended as an integral part of anti-cancer therapy to prevent involun-

tary weight loss and delayed treatment schedules, and to improve clinical outcomes and 

quality of life (3, 6, 18, 19). in malnourished patients, pre-operative nutritional support is 

associated with a 50% reduction of post-operative complications (18), including decreased 

gastro-intestinal toxicity, improved performance status and increased immune responses 

(3). however, recent findings show that impaired immune responsiveness and muscle pro-

tein degradation may already occur before the onset of weight loss. consequently, it is of 

clinical relevance to provide the optimal treatment support as early as possible, preferably 

starting at diagnosis and running parallel to the pathway of anti-cancer therapies (19, 20).

recently, a specific medical food* has been developed for application in cancer patients. 

this medical food is high in protein and leucine and is enriched with emulsified fish oil 

(containing eicosapentaenoic acid (epa) and docosahexaenoic acid (dha)) and a specific 

oligosaccharide mixture and is designed to reduce complications and to provide optimal 

treatment support by reducing the inflammatory state, supporting immune function, and 

preserving muscle mass and function. these effects have been demonstrated in previous 

pre-clinical studies using an animal model of tumor-induced cachexia (21, 22).the aim of 

this exploratory study was to investigate the effects of this medical food specifically on im-

mune function in an early phase in a group of newly diagnosed esophageal cancer patients 

before the start of anti-cancer therapy. 

*a medical food is in usa defined in 21 u.s.c. § 360ee(b)(3) as ‘‘a food which is formulated 

to be consumed or administered enterally under the supervision of a physician and which 
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is intended for the specific dietary management of a disease or condition for which distinc-

tive nutritional requirements, based on recognizable scientific principles, are established 

by medical evaluation’’ (23). a comparable definition exists in the harmonized legislation 

of the european union (cf. article 1, 2(b) of commission directive 1999/21/ec of 25 march 

1999 on dietary foods for special medical purposes).

methodS 
 an explorative, randomized, controlled, double-blind study with parallel groups was con-

ducted in order to determine the effects of a 4-week nutritional intervention with a specific 

medical food on immune function in newly diagnosed esophageal cancer patients before 

the start of anti-cancer therapy, compared with the effects of routine nutritional support. 

the secondary objective was to assess the effects of this medical food on inflammation and 

nutritional status. data on immune function, inflammation and nutritional state of healthy 

volunteers were obtained to compare baseline values and allow an adequate interpretation 

of the data. 

SuBJeCtS 

 in the period between august 2007 and February 2009, sixty-four newly diagnosed pa-

tients with histologically confirmed carcinoma located in the esophagus or gastro-eso- 

phageal junction (siewert-stein classification type i-iii) (24) planned for esophageal cancer 

treatment were recruited from the erasmus medical center, rotterdam, the netherlands. 

patients had an age of 18 years and above and were included in the study after informed 

consent was obtained. exclusion criteria were life expectancy <3 months, planned start of 

anti-cancer treatment within 3 weeks, eastern cooperative oncology group (ecog) perfor-

mance status ≥2, esophagus related surgery after diagnosis before inclusion, chemothe- 

rapy and/or radiotherapy in the past 5 years, altered immune function, dysphagia score of 

4, dependency on tube feed or parenteral nutrition during  previous 4 weeks, use of fish oil-

containing supplements during previous 4 weeks, intolerance or allergy to dairy products, 

fish or other ingredients of the study products, dependency on fibre-free diet, pregnancy 

or lactation, dementia or altered mental status that would prohibit the understanding and 

giving of informed consent, any other medical condition that may interfere with the safety 

of the patient or the outcome parameters or uncertainty about the willingness or ability of 

the patient to comply with the protocol requirements, according to the investigator’s judge-

ment. in addition to the patients, a reference group of 40 healthy volunteers was recruited 

for the study from the database of vaxinostics bv, university vaccine center rotterdam 

nijmegen, rotterdam, the netherlands. subjects in the reference group were age- and 

sex-matched with the dutch esophageal cancer population, had a bmi between 18.5 and 

30 kg/m2 and were included in the study after signing informed consent. exclusion criteria 

for subjects in the reference group were significant involuntary weight loss in the past year, 

smoking, acute or chronic disease, altered immune function, pregnant or lactating and any 

other condition that may interfere with the definition “healthy volunteer” according to the 

investigator’s judgement. 
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Study deSIgN 

 the study was conducted in compliance with the principles of the ‘declaration of helsin-

ki’ (52nd wma general assembly, edinburgh, scotland, october 2000 including the notes 

of clarification as added in 2002, washington, and in 2004, tokyo) according to the ich-gcp 

guidelines and was approved by the ethics committee of the erasmus mc, rotterdam, the 

netherlands. after initial screening of the patients, subject characteristics, relevant medi-

cal history, dysphagia score and anthropometrics were determined at visit 1 (baseline). 

patients were randomized to the active group receiving the specific medical food or to 

the control group receiving routine nutritional support using a computerized randomiza-

tion program after stratification based on their nutritional status. patients with 0 to <5% 

weights loss in the past 3 months and dysphagia score of 0 or 1 (group 1) were assigned 

to the active group receiving the medical food or to the control group receiving a placebo 

product. patients with ≥5% weight loss in the past 3 months and/or dysphagia score 2 or 3 

and/or prescribed sip feed in the last 4 weeks (group 2) were assigned to the active group 

receiving the medical food or to the control group receiving an iso-caloric control product. 

patients were asked to complete the quality of life questionnaires and the required study 

parameters as body weight and performance status were recorded at baseline (visit 1) 

and after 4 weeks of nutritional intervention (visit 3). in addition, blood was drawn for the 

measurement of several immune-, nutritional- and safety-parameters. two weeks after 

the start of the study patients visited the clinic (visit 2) to monitor the use of concomitant 

medication, body weight and product palatability. the amount of study product taken was 

recorded daily in a diary by the patient. patients with an intake of <75% of the minimum 

amount of 2x200 ml active or control product per day were considered as noncompliant. 

the subjects in the reference group were pre-screened and eligible subjects visited the 

clinic once. subject characteristics, relevant medical history and anthropometrics were de-

termined and the required study parameters were recorded. in addition, blood was drawn 

for the measurement of several immune- and nutritional-parameters. subjects in the re- 

ference group did not receive any intervention with a study product.

NutrItIoNal INterveNtIoN

 all patients received dietary counselling in addition to the nutritional intervention. the 

prescribed product intake during the study was 2 doses (2x200 ml sip feed) of either the ac-

tive medical food or routine nutritional support (control product) daily for patients in group 

1 and at least 2 doses for patients in group 2. the active medical food is an energy dense 

(163 kcal/100 ml), nutritionally complete oral supplement (Forticare) that is high in protein 

and leucine  (9.9 g protein /100 ml of which 3.2 g whey protein /100 ml, 5.6 g casein /100 

ml and 1.1 g free leucine /100 ml) and is enriched with emulsified fish oil (0.6 g epa and 

0.3 g dha /100 ml), specific oligosaccharides (1.2 g galactooligosaccharides (gos) and 

0.2 g fructooligosaccharides (Fos) /100 ml) and a balanced mix of vitamins, minerals and 

trace elements  (table 1, nutricia nv, Zoetermeer, the netherlands). the control product 

is for group 1 a non-caloric placebo product and for group 2 an energy dense (163 kcal/100 

ml) iso-caloric standard nutritional product.
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table 1 nutritional composition of the active medical food (Forticare), placebo product and iso-caloric control  
  product in grams per 100 ml!
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Study outCome

 the primary outcome parameters of the study were the ex vivo concanavalin (con)a-

stimulated t-lymphocyte proliferation and cytokine (interleukin (il)-2, il-4, il-5, il-10, 

values represent the amount of ingredients of the medical food in grams per 100 ml. abbreviations: epa, eicosapen-
taenoic acid; dha, docosahexaenoid acid; gos, galactooligosaccharides; Fos, fructooligosaccharides. 
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il-12 and interferon (iFn)-γ) production by blood peripheral mononuclear cells (pbmc)  

as markers for immune function (25). pbmc were isolated from heparin blood using den-

sity-gradient centrifugation and stored in liquid-nitrogen. pbmc were thawed and stimu-

lated with 2.5 and 10 μg/ml cona (sigma-aldrich chemie, Zwijndrecht, the netherlands) 

in medium with 10% autologous serum for 44 hours at 370c and 5% co2. t-lymphocyte 

proliferation was measured by the addition of tritiated thymidine (h-tdr) 16 hours prior to 

harvesting the cells. in addition, pbmc were stimulated with 10 ng/ml lipopolysaccharide 

(lps, escherichia coli, b55:o55, sigma-aldrich chemie) in medium with 10% autologous 

serum for 44 hours at 37⁰c and 5% co2 to measure ex vivo b-lymphocyte proliferation as 

described above and for 20 hours to measure cytokine (il-1β, il-6, il-8, il-10 and tumor 

necrosis Factor (tnF)-α) and pge2 production by pbmc. serum samples were assayed 

for levels of inflammatory mediators (il-1β, il-6, il-8, il-10, tnF-α, pge2 and c-reactive 

protein (crp)). cytokine levels in culture supernatants and serum were measured using a 

bio-plex cytokine bead immunoassay (bio-rad, veenendaal, the netherlands) according 

to the manufacturer’s protocol and pge2 was measured using a commercial enzyme im-

munoassay (biotrak amersham, buckinghamshire, uK) according to the manufacturer’s 

protocol. 

 natural Killer (nK)-cell activity was determined using three different assays, i.e. classic 

nK-cell activity against K562 target cells, lymphokine-activated killer (laK) activity using 

daudi cells and antibody dependent cell-mediated cytotoxicity (adcc) against p815 target 

cells using a standard 4 hours 51chromium release assay (26).

 during the visits body weight and bmi were recorded and blood was collected to deter-

mine white blood cell count and differential , the lymphocyte subset count (27),pre-albumin 

and albumin, but also safety parameters for liver function (alat and γ-gt), kidney function 

(creatinine) and prothrombin time were measured at the clinical chemistry laboratory, 

erasmus medical center, rotterdam, the netherlands. moreover, the phospholipid fatty 

acid profile of plasma was measured (gas chromatography) (21), ecog performance status 

was assessed (28), quality of life was recorded (QlQ-c30, oes18, euroQol-5d), dysphagia 

was assessed (29) and study product intake and palatability were scored.  

StatIStICal aNalySIS

 the study was considered an exploratory study; the primary parameters have not been 

reported in newly diagnosed cancer patients before. therefore, the expected difference be-

tween the active and control group and its variance was estimated. based on two studies 

it was assumed that a sample size of 40 for each of the two groups was sufficient to detect 

a statistically significant result between the groups (30, 31). a blinded interim analysis on 

primary efficacy and safety was performed after 64 patients. the results were reviewed to 

check whether the calculated sample size was adequate and that no safety concerns had 

arisen. From this interim analysis it was concluded that in order to find differences on the 

primary outcome, the sample size had to be adjusted to an unrealistically high number of 

patients. therefore, it was decided to stop the study and perform the final analysis on the 

available 64 patients. all subjects that received the study products were included in the 

intention-to-treat (itt) analysis. For baseline comparisons the differences between healthy 
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201 subjects screened 
for eligibility

67 subjects 
randomized

31 subjects  allocated to 
Active product *
(13 subjects in group 1)
(18 subjects in group 2)

33 subjects  allocated to 
Control product *
(16 subjects in group 1)
(17 subjects in group 2)

24 subjects completed 
4-week intervention

23 subjects completed 
4-week intervention

7 subjects early 
terminated the study
(2 subjects in group 1)
(5 subjects in group 2)

1 SAE
1 AE
1 withdrew consent 
2 start treatment
2 other reason

3 subjects violated the 
protocol

10 subjects early 
terminated the study
(0 subjects in group 1)
(10 subjects in group 2)

6 start treatment
1 disease progression
3 other reason

4 subjects violated the 
protocol

64 subjects received 
study products

volunteers and total patients, group 1 and group 2 and between the active and control 

group were determined. moreover, the differences between visit 1 and 3 were compared 

between the active and control group and between group 1 and group 2. 

 the results of the cona and lps stimulations were corrected for the un-stimulated 

cultures by subtraction of the latter. anova with treatment and stratification for group 1 

and group 2 as covariates was used to analyze the measurement of the study parameters. 

when the data were not normally distributed, the mann whitney u test adjusted for strati-

fication (group 1 and group 2) was used and correlations were made using the spearman’s 

rank test. nK cell activity was measured at four different e:t ratios and the wmsl (weight-

ed mean of specific lysis) was calculated (26, 32). For the ordinal variables performance 

status (ecog) and dysphagia score, visit 1 and 3 were compared between the groups using 

the mann whitney u test adjusted for stratification (group 1 and group 2). 

figure 1 trial profile; screening, randomization and study completion. patients with 0 to <5% weights loss in the  
  past 3 months and a dysphagia score of 0 or 1  were assigned to group 1 and patients with ≥5% weight loss  
  in the past 3 months and/or dysphagia score 2 or 3 and/or prescribed sip feed in the last 4 weeks were as 
  signed to group 2. * included in itt analysis.



13
1

all adverse events were assessed and medical history and medication use were checked 

individually for subjects having aes. the statistical analyses were performed using spss 

for windows release 15.0.0. 

reSultS
Study PoPulatIoN aNd ComPlIaNCe

 of the 201 subjects that were screened in the study, 67 subjects were randomized and 64 

subjects received the study products (Figure 1). subjects considered a screening failure did 

not fulfill the inclusion criteria or received an anti-cancer treatment within 3 weeks. of the 

64 subjects that received the study products, 31 subjects were allocated to the active pro- 

duct (13 subjects in group 1 and 18 in group 2) and 33 were allocated to the control product 

(16 subjects in group 1 and 17 in group 2) and all these subjects were included in the itt 

analysis. a total of 17 subjects terminated the study early (7 subjects in the active group and 

10 in the control group), with most of the patients coming out of group 2. product compli-

ance was not significantly different between the groups with 89% for the active product and 

87% for the control products, respectively.

BaSelINe CharaCterIStICS

 at baseline, bmi of the total patient group significantly differed from the healthy volun-

teer (hv) group (p < 0.01, table 2). by definition, patients in group 2 had lost significantly 

more weight in the past three months than patients in group 1 (p ≤ 0.001). Furthermore, 

patients in group 2 scored lower on the quality life scales (eQ-vas and eQ-5d) (p ≤ 0.001), 

had a higher tumor length (p ≤ 0.02) and a higher dysphagia score than patients in group 

1 (p ≤ 0.001). control and active groups matched very well with regard to baseline charac-

teristics, except for smoking history (patients in the active group had smoked longer than 

patients in the control group (p=0.001)). in more than fifty percent of the patients the tumor 

was located in the esophagus and in the remaining patients the tumor was located at the 

gastro-intestinal junction. clinical stage ranged from i-iv, and was equally distributed.
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table 2a general baseline characteristics of the study groups

table 2b disease specific baseline characteristics of the study groups
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(table 1a) and the baseline disease specific characteristics as the number of subjects (n) and percentages, means ± 

sd or medians and interquartile ranges (iQr, 25th-75th percentiles) of patient group 1 (n=29), patient group 2 (n=35), 

the active medical food group (n=31) and the control group (n=33) (table 1b). patients with 0 to <5% weights loss in 
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effICaCy

 at baseline, the primary parameter, cona-stimulated t-lymphocyte proliferation and 

cytokine production in pbmc, was not significantly different between the total patient group 

and hv (table 3a), with the exception of iFn-γ production, which was significantly lower 

in the total patient group (p = 0.005). also no baseline differences between group 1 and 2 

were observed. Furthermore, after four weeks of nutritional intervention no differences 

between the active and control groups were observed on the change from baseline (as the 

delta of visit 3 – visit 1) regarding the primary parameter. similarly, no differences on lps-

stimulated b-lymphocyte proliferation or on cytokine production by monocytes in pbmc 

were observed between the total patient group and hv at baseline or after the nutritional 

intervention.

 at baseline, absolute levels of leucocytes were significantly higher in the total patient 

group compared to hv (p ≤ 0.001), which is mainly caused by the higher number of neu-

trophils (p ≤ 0.001), but also monocytes were significantly higher in the total patient group 

compared to hv (p ≤ 0.001) (table 3b). by contrast, nK-lymphocytes were significantly lower 
in the total patient group compared to hv (p = 0.002), but nevertheless, levels of all men-
tioned cell types were within the normal range. 
 moreover, no differences in cell types were observed between the active and control 
group after the four week intervention period. in addition to the number of nK-lympho-
cytes, nK-cell activity was measured as a parameter of innate immune function (table 3b). 
after the four week nutritional intervention period, no differences between the active and 
control group were observed.
 serum concentrations of inflammatory cytokines were relatively low in both patients 
and hv, e.g. most levels were just above the detection limit of the assay (table 4). however 
at baseline, serum il-6, il-1β and crp levels were significantly higher in the total patient 
group compared to hv (all p ≤ 0.001). additionally, patients in group 2 had significantly 
higher crp levels than patients in group 1 (p = 0.005). no differences were detected on the 
change from baseline between the active and control group after four weeks of nutritional 
intervention. serum concentrations of pge2, were not different at baseline between the 
total patient group and the hv. however, patients in group 2 showed higher pge2 levels (953 
± 1229 pg/ml, means ± sd) compared to patients in group 1 (414 ± 474 pg/ml, means ± sd, 
p = 0.05). after the nutritional intervention, serum pge2 levels (as the delta of visit 3 – visit 
1) in the active group were decreased significantly compared to increased levels observed 
in the control group (p = 0.01, Figure 2a). analyzing group 1 and group 2 separately, the 
differences between active and control were more pronounced in group 2 (p = 0.01, Figure 

2c) compared to group 1 (p = 0.05, Figure 2b).

control group, p = 0.001 (mann-whitney), e the distribution over the different dysphagia scores is significantly different 

from group 1, p ≤ 0.001 (mann-whitney), the lower the score, the better.  abbreviations: bmi, body mass index; eQ-vas, 

euroQol-visual analogue scale, a standard vertical 20 cm visual analogue scale for recording an individual’s rating for 

their current health-related quality of life state in which the higher the score, the better; eQ-5d, euroQol 5-dimension, 

descriptive system of health-related quality of life states consisting of five dimensions (mobility, self-care, usual activi-

ties, pain/discomfort, anxiety/depression) each of which can take one of three responses. the responses record three 

levels of severity (no problems/some or moderate problems/extreme problems) in which the higher the score, the bet-

ter; tnm, tumor, node, metastasis.
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table 3b white blood cell counts, differential and nK cell activity
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data represent medians and interquartile ranges (25th-75th percentiles) of the proliferation response and cytokine and 

pge2 production in cona-stimulated (10 μg/ml) and lps-stimulated (10 ng/ml) pbmc of the healthy volunteers group 

(n=40), the total patients group (n=46) and the patient groups 1 (n=26) and 2 (n=20) at baseline. For the comparisons of 

the active medical food group (n=24) and the control group (n=22), the deltas between visit 1 and visit 3 are presented 

(table 3a). data represent means ± sd of the white blood cell counts, differential and nK-cell activity of the healthy 

volunteers group (n=40), the total patients group (n=64) and the patient groups 1 (n=29) and 2 (n=35) at baseline. For the 

comparisons of the active medical food group (n=24) and the control group (n=23), the deltas between visit 1 and visit 
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table 3a proliferation response and cytokine and pge2 production in cona- and lps-stimulated pbmc
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to determine the uptake of fatty acids from the product, the percentage phospholipid fatty 

acids was measured in plasma (table 5). the only differences at baseline were the lower 

percentage total n-3 polyunsaturated fatty acids (puFas) (p = 0.006) and epa (p = 0.001) in 

the total patients group compared to hv. after the four week nutritional intervention period, 

a significant higher increase was observed in the active group for total n-3 puFas, epa, 

dpa and dha (p ≤ 0.001) compared to the control group and a significant higher decrease 

for total n-6 puFas, aa and the ratio n-6/n-3 puFas (p ≤ 0.001) compared to the control 

group.
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table 4 serum levels of pro-inflammatory cytokines and crp

data represent medians and interquartile ranges (25th-75th percentiles) of the serum levels of pro-inflammatory media-

tors of the healthy volunteers group (n=40), the total patients group (n=47) and the patient groups 1 (n=27) and 2 (n=20) 

at baseline. For the comparisons of the active medical food group (n=24) and the control group (n=23), the deltas be-

tween visit 1 and visit 3 are presented. a significantly different from healthy volunteers group, p ≤ 0.001 (mann-whitney),  
b significantly different from group 1, p = 0.005 (mann-whitney). abbreviations: il, interleukin; tnF-α, tumor necrosis 

factor-alpha; crp, c-reactive protein.

3 are presented (table 3b). nK-cell activity was measured using three different assays (classic nK-cell activity against 

K562 target cells, lymphokine-activated killer (laK) activity using daudi cells and antibody dependent cell-mediated 

cytotoxicity (adcc) against p815 target cells). all three assays were measured with four effector:target cell ratio’s, 

whereas % wmsl of the ratio’s is presented in the table. a significantly different from healthy volunteers group, p = 

0.005 (mann-whitney). b significantly different from healthy volunteers group, p ≤ 0.001 (anova), c significantly different 

from healthy volunteers group, p = 0.002 (anova). abbreviations: adcc, antibody dependent cell-mediated cytotoxicity; 

cona, concanavalin a; cpm, counts per minute; il, interleukin; iFn-γ, interferon-gamma; laK, lymphokine-activated 

killer; lps, lipopolysaccharide; tnF-α, tumor necrosis factor-alpha; nK, natural killer; pge2, prostaglandin e2; wmsl, 

weighted mean of specific cytolysis.
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!

!

!

figure 2 change in serum pge2 levels (pg/ml) in the active medical food group (n=24) and the control group (n=23)  
  in the total patient group (a), in the active medical food group (n=11) and the placebo group (n=16) in group  
  1 (b) and in the active medical food group (n=13) and the iso-caloric control group (n=7) in group 2 (c) after  
  a four week nutritional intervention period. data are presented as the delta between visit 1 (baseline) and 3  
  in means ± sem. * significantly different from visit 1 (baseline), p = 0.01 (anova).  

!

! "#$%&'(%!)*'$'+!,-! .!)*'$'+!/0*'$'+!,-!

!

1%#&+23!*4&5(+%%6$! 74+#&!8#+'%(+$!
9#+'%(+$!:6458!,!

9#+'%(+$!:6458!;!
<=+'*%! >4(+64&!

74+#&!(0?!@>!9AB<$!)C-! "#$%&!'!#$()! "#$*%!'!#$+,! ""$-"!'!#$+,!

"#$+*!'!#$""!

!

.%$"+!'!"$&"
/!

)$#,!'!#$#,!

00!123! *$*"!'!,$*%! ,)$%#!'!#$,(!
,)$(*!'!#$)*!

,)$-(!'!#$#(!

!

.,$*+!'!,$+,
/!

.)$+%!'!,$-(!

74+#&!(0/!@>!9AB<$!)C-! %$,*!'!#$-%! &$)#!'!,$&(
0! &$),!'!,$-&!

&$)#!'!,$()!

!

!

($*&!'!"$(%
/!

)$,#!'!,$,-!

450!123! ,$(*!'!,$"(! ,$#)!'!)$&(
6
!

,$",!'!)$&#!

,$,,!'!)$%,!

!

!

-$&,!'!#$#&
/!

)$),!'!)$&-!

750!123! )$*(!'!)$,&! )$*&!'!)$#,!
)$*&!'!)$##!

)$*%!'!)$#)!

!

)$*(!'!)$+(
/!

)$)#!'!)$,"!

780!123! +$,,!'!,$"+! "$&&!'!,$,#!
"$-&!'!)$**!

"$%+!'!,$#"!

!

#$++!'!,$-#
/!

)$)"!'!)$-,!

D#+'4!(0?E(0/!@>!9AB<$! -$#)!'!#$)%! -$**!'!#$)-!
&$,)!'!#$#,!

-$(*!'!,$*"!

!

.+$)"!'!#$+,
/!

)$)(!'!,$)*!

table 5 percentages phospholipid fatty acids in plasma

data represent means ± sd of the percentage phospholipid fatty acids in plasma of the healthy volunteers group (n=40), 
the total patient group (n=63) and the patient groups 1 (n=29) and 2 (n=34) at baseline. For the comparisons of the 
active medical food group (n=24) and the control group (n=23), the deltas between visit 1 and visit 3 are presented.  
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to determine the uptake of fatty acids from the product, the percentage phospholipid fatty 

acids was measured in plasma (table 5). the only differences at baseline were the lower 

percentage total n-3 polyunsaturated fatty acids (puFas) (p = 0.006) and epa (p = 0.001) in 

the total patients group compared to hv. after the four week nutritional intervention period, 

a significant higher increase was observed in the active group for total n-3 puFas, epa, 

dpa and dha (p ≤ 0.001) compared to the control group and a significant higher decrease 

for total n-6 puFas, aa and the ratio n-6/n-3 puFas (p ≤ 0.001) compared to the control 

group.

 as already mentioned, at baseline the bmi of the total patient group differed significantly 

from the hv (p < 0.01), which is partly due to a trend in lower body weights in the total pa-

tient group (79.1 ± 15.6, mean ± sd) compared to hv (84.4 ± 8.9, mean ± sd, p = 0.05). after 

the four week nutritional intervention period, a significant higher weight gain was observed 

in the active group compared to the control group (p < 0.05, Figure 3a). analyzing group 1 

and group 2 separately, the weight gain in active group 1 was more pronounced compared 

to the total group (Figure 3b). 

!

! !

figure 3 body weight change (kg) in the active medical food group (n=24) and the control group (n=23) in the total  
  patient group (a), in the active medical food group (n=11) and the placebo group (n=16) in group 1 (b) and in  
  the active medical food group (n=13) and the iso-caloric control group (n=7) in group 2 (c) after a four week  
  nutritional intervention period. data are presented as the delta between visit 1 (baseline) and 3 in means ±  
  sem. * significantly different from visit 1 (baseline), p <0.05 (anova).

a significantly different from healthy volunteers group, p = 0.006 (anova), b significantly different from healthy vol-
unteers group, p = 0.001 (anova), c significantly different from the control group, p ≤ 0.001 (anova). abbreviations: 
puFas, poly-unsaturated fatty acids; aa, arachidonic acid; epa, eicosapentaenoid acid; dpa, docosapentaenoic acid; 
dha, docosahexaenoic acid.
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in contrast to the active groups, patients in control group 2 appeared to lose body weight 

despite receiving an iso-caloric control product (Figure 3c).

 the performance status of the patients was assessed by ecog score. at baseline, no 

differences were observed between the active and control group, whereas patients in group 

2 had a significant worse performance status compared to patients in group 1 (p < 0.01, 

data not shown). after the four weeks nutritional intervention, the performance status was 

significantly different between active and control group (p < 0.05). ecog improved with 1 

score in 17.4% of the patients in the active group compared to 0% in the control group, was 

stable in 65.2% of the patients in the active group compared to 72.7% in the control group 

and was worsened in 17.4% of the patients in the active group compared to 27.3% in the 

control group (Figure 4).

 after the nutritional intervention, no significant differences between the active and con-

trol group were observed on the nutritional parameters pre-albumin and albumin, on qua- 

lity of life (Qol) or on dysphagia score (data not shown).

 

Safety aNd toleraBIlIty

 a total of 79 adverse events (aes) were reported, 44 in the active group (occurring in 

37 patients) and 35 in the control group (occurring in 24 patients), including 2 product-

unrelated serious adverse events. however, the number of patients with at least one (s)ae 

was not different between the active and control group. most adverse events were gastro-

intestinal related with full feeling, nausea and constipation most frequently observed in the 

active group and diarrhea and constipation most frequently observed in the control group. 

blood safety parameter means were all within reference ranges and no clinically relevant 

changes on liver and kidney function and prothrombin time were observed.

!

figure 4 change in ecog score (% of patients) in the active medical food group (n=24) and the control group (n=23)  
  after a four week nutritional intervention period. improved means ecog score improved with 1 score, stable  
  means ecog score did not change, worsened means ecog score worsened with 1 score. data are pre- 
  sented as the delta between visit 1 (baseline) and 3 as the percentage of patients. * significantly different  
  from visit 1 (baseline), p <0.05 (mann whitney u).
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dISCuSSIoN
 in this double-blind, randomized, placebo-controlled study, a significant reduction of 

serum pge2 levels was observed in newly-diagnosed esophageal cancer patients after a 

four week nutritional intervention with the active medical food compared to routine nutri-

tional support. this effect was accompanied by a significant increase in body weight and an 

improved ecog performance status of the patients. 

 pge2 is one of the best studied eicosanoids that contributes to the inflammatory state 

and immune suppression during the course of cancer (13, 33). it is involved in several human 

malignancies including colon, lung, breast and head and neck cancer and is produced du- 

ring the course of inflammation in response to growth factors, hormones and inflammatory 

cytokines (33-35). pge2 is produced by various types of cancer cells and their surrounding 

cells, leading to a range of oncogenic effects including stimulation of cell proliferation, 

protection against apoptosis, and induction of migration and invasion (12, 36). in addition, 

it can induce epithelial cells to secrete growth factors, pro-inflammatory mediators and 

angiogenic factors, switching a normal microenvironment to a tumor-supporting environ-

ment (33, 34, 37). pge2 contributes to the shift of the tumor microenvironment from an 

anti-tumor th1 response to an immunosuppressive th2 response by down-regulating th1 

cytokines (iFn-γ, tnF-α and il-2) and up-regulating th2 cytokines (il-4, il-6 and il-10) 

and has a clear role in the regulation of immune suppression (13, 34). another mechanism 

by which pge2 is involved in the inflammation promoting tumor progression is through the 

induction of myeloid derived suppressor cells (mdsc) (34, 35). mdsc have been demon-

strated to inhibit immune surveillance and to be potent suppressors of anti-tumor immu-

nity. pge2 can act as a chemotactic factor for mdsc and therefore regulate the recruitment 

of these cells to the tumor (37, 38). in turn, mdsc can produce pge2 by themselves, thereby 

maintaining the inflammatory vicious circle (33). 

 a reduction of pge2 might be important to reduce the inflammatory state and to improve 

immune responsiveness in cancer patients. clinically, this may lead to an improved acute 

response to infectious triggers and may beneficially affect tumor-immunity. For that rea-

son, the reduction of serum pge2 levels in the present study, observed after the nutritional 

intervention of the medical food, could be beneficial for these cancer patients. each of the 

product features, being fish oil, specific oligosaccharides, high protein and leucine, might 

play a specific role in this process, but overlapping biological activities and synergistic in-

teractions between them eventually lead to the overall effect (21, 22). Fish oil contains high 

amounts of the n-3 puFas epa and dha, playing a major role in the regulation of immune 

responses and inflammation (39, 40). after intervention with the active medical food, both 

the percentages epa and dha, as well as the total percentage n-3 puFas of plasma phos-

pholipids were significantly increased (table 5). this is partly due to the high compliance to 

the study product, inducing comparable effects as observed in a previous study in healthy 

volunteers (41). the increase in n-3 puFas was partly at the expense of the n-6 puFa aa, 

but also the total percentage n-6 puFas was decreased significantly. since aa can be used 

as a substrate for the coX-enzyme to produce pge2, a reduction in aa may explain the 

decrease in pge2, but also other factors were involved. the specific oligosaccharides (gos/

Fos) may affect the process of pge2 production as well. these non-digestible oligosac-
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charides are fermentable fibers that have been associated with a reduced production of 

pge2 and pro-inflammatory cytokines in different parts of the gut (42). in addition, immune 

modulatory effects and other health benefits as an improved gut barrier function have been 

described, which may be related to their prebiotic properties (43). besides the direct effect 

of fish oil and the oligosaccharides on pge2 metabolism, these ingredients were also de-

scribed to reduce the systemic inflammatory state by decreasing the production of several 

inflammatory mediators (39).  

 in the present study, besides the effects on pge2, no effects were observed on other 

inflammatory mediators as il-6, tnF-α, il-8, il-1β and crp (table 4), but levels of these 

markers were very low. nevertheless, baseline levels of il-6, il-1β and crp were signifi-

cantly higher in the total patient group compared to healthy volunteers, even though a more 

severe inflammatory state of these patients was expected before the start of the study. in 

the patient group, baseline crp levels were significantly higher in group 2, compared to 

group 1, indicating a more severe inflammatory state of the patients in group 2. 

 patients in group 2 had lost significantly more weight in the past 3 months than pa-

tients in group 1, which might contribute to the induction of a (pre-) cachectic state and 

consequently into more inflammation. in the present study, this was confirmed by higher 

baseline levels of pge2 in group 2 compared to group 1. after the nutritional intervention 

with the active medical food, both body weight loss and pge2 levels were reduced, demon-

strating most pronounced effects in group 2. accordingly, a relation between the improved 

bodyweight and reduced serum pge2 levels may exist via the reduction of (pre-) cachexia 

and inflammation, since bodyweight show a significant inverse correlation with serum 

pge2 levels in group 2 (p=0.02). however, also the presence of high protein and leucine in 

the active medical food may have contributed to the preservation of body weight. leucine 

has been added to the active product to provide an anabolic trigger for muscle protein syn-

thesis and high levels of protein were added in order to provide sufficient amounts of pro-

tein building blocks. the acute effect of this composition on muscle protein synthesis has 

recently been shown in a clinical study in catabolic cancer patients with involuntary weight 

loss (44) and the effects on muscle mass and function have been demonstrated in previous 

pre-clinical studies using an animal model of tumor induced cachexia (22). in the present 

study the effects of the medical food on muscle function are reflected by a significantly im-

proved ecog performance status after the intervention with the active medical food com-

pared to routine nutritional support. cachectic cancer patients often suffer from a reduced 

activity and decreased performance status, which is related to the increase of weight loss 

in these patients affecting the muscle compartments as well (5, 18). moreover, weight loss 

and a decreased performance status may negatively affect immune competence leading to 

an increased risk of (infectious) complications (5). in relationship with the observed weight 

loss, mcmillan described the link between weight loss, poor performance status, poor res- 

ponse to treatment and poor prognosis, which is probably due to loss of skeletal muscle. 

although, the loss of adipose tissue accounts for the majority of the weight loss, the loss of 

muscle accounts for most of the morbidity and mortality (45). pge2 might also be involved, 

since a rise in pge2 is suggested to be associated with muscle protein degradation in can-

cer cachexia (46). consequently, reduced pge2 levels might diminish the loss of muscle 

function and thereby improve ecog performance status. 
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despite the above mentioned effects on pge2, no effects of the nutritional intervention were 

observed on proliferation responses or cytokine production in pbmc. this could partly be 

explained by the fact that the total patient group did not differ from the healthy volunteers 

in respect to their immune status at baseline. in contrast to these findings, esophageal 

cancer patients are frequently described to be at high risk for malnutrition and reduced 

immune responsiveness, especially around major surgery (47, 48). however, these studies 

were primarily performed in Japan, where the incidence of squamous cell carcinoma of the 

esophagus is higher compared to adenocarcinoma (49), whereas in the present dutch study 

adenocarcinoma of the esophagus is mostly observed. 

 it appears that the patients included in this study had a better immune function than 

expected, possibly due to the type of cancer or the early phase of patient inclusion, just 

after diagnose. goto demonstrated a reduced production of il-2, iFn-γ and il-10 in pha-

stimulated pbmc and a reduction of il-12 and tnF-α in lps-stimulated pbmc of cancer 

patients compared to healthy controls (50). however, these patients suffered from different 

types of advanced cancer which were irresectable with multiple metastases. other expla-

nations for the lack of effects on these immunological parameters were the high number 

of differences between active and control already at baseline and the higher drop-out of 

patients in group 2 in the control group, leading to a skewed distribution of patients with 

milder and more advanced disease between active and control groups, possibly obscuring 

treatment effects. another limitation is the high variance on the various immune para- 

meters in combination with a relatively small group size. 

 in conclusion, the present exploratory study demonstrates a significant reduction of se-

rum pge2 levels in newly-diagnosed esophageal cancer patients after a 4-week nutritional 

intervention with a medical food, which is high in protein and leucine and enriched with 

emulsified fish oil (containing epa and dha) and a specific oligosaccharide mixture com-

pared to routine nutritional support. this effect is accompanied by a significant increase in 

body weight, an improved ecog performance status of the patients and an efficient incor-

poration of n-3 puFas. moreover, the medical food is well-appreciated with a high compli-

ance rate of study product intake. no clinically relevant safety concerns were reported and 

no changes in blood safety parameters were measured. consequently, these results show 

that nutritional intervention with the specific medical food may represent a new opportunity 

for applications in cancer patients being an integral part of disease management to provide 

optimal treatment support. however, additional research is recommended to elucidate the 

potential immunological effects in different types and stages of cancer.
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aBStraCt 
 in cancer patients, metabolic alterations, reduced immune competence and anti-can-

cer treatment can increase the risk of (infectious) complications. a rapid-acting nutritional 

intervention might reduce this risk and support overall treatment. the present study inves-

tigated whether one week of intervention with a specific medical food led to rapid fatty acid 

incorporation and functional immunological changes in cancer patients.

 in a randomized, double-blind, controlled study, 38 cancer patients receiving radio-

therapy consumed daily for one week 400 ml of specific medical food, which is high in 

protein and leucine, and enriched with fish oil (providing eicosapentaenoic acid (epa) and 

docosahexaenoic acid (dha)) and specific oligosaccharides (active group), or iso-caloric/ 

iso-nitrogenous product (control group). the incorporation of phospholipid fatty acids and 

serum levels of inflammatory mediators were analyzed at day 0 and 7. the production of 

cytokines was measured in lps-stimulated whole blood cultures.

 the baseline percentage of epa in white blood cells was comparable between the ac-

tive (0.4%) and control group (0.6%); it increased significantly after one week in the active 

(to 2.6%) compared to the control group (to 1.0%, p < 0.001). For dpa and dha, a similar 

increase in the active group was observed (p < 0.05). serum pge2 levels decreased in the 

active group and increased in the control group (p < 0.01). no differences were observed in 

lps-stimulated cytokine production.

 in cancer patients receiving radiotherapy, nutritional intervention with a specific medi-

cal food rapidly increased the percentage epa and dha in white blood cell phospholipids 

and reduced serum levels of the inflammatory mediator pge2 within one week.
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INtroduCtIoN
 in many cancer patients, metabolic alterations lead to a chronic condition of catabolism, 

including involuntary weight loss, wasting, anorexia, asthenia and fatigue, resulting in a 

poor performance status and reduced quality of life (1-3). other important features include 

the presence of a chronic inflammatory state and, paradoxically, a state of impaired im-

mune responsiveness (4-7). several mediators that are either tumor- or host-derived (e.g. 

pro-inflammatory cytokines, chemokines and prostaglandins) induce a cascade of events 

leading to a suppressed immune function, thereby reducing the acute response to infec-

tious triggers and facilitating the escape of tumor cells from immune surveillance (8-10). 

the risk of immune deficiency is even higher after anti-cancer treatment. surgery, radio-

therapy and chemotherapy are associated with suppression of the cellular immune system 

and lead, in combination with malnutrition, to a reduced treatment efficacy and a higher 

frequency and severity of infectious and other complications (5, 11-16). in addition, anti-

cancer treatment can lead to damage of the gastrointestinal (gi) mucosa, a diminished 

barrier function and a change in the intestinal microbiota contributing to local and systemic 

inflammation (17-20).  

 to reduce the risk of (infectious) complications and to support the performance status 

of cancer patients, a multi-targeted approach should be applied of which nutritional sup-

port is an integral part. every effort should be made to prevent involuntary weight loss and 

delayed treatment schedules. in malnourished patients, pre-operative nutritional support 

is associated with a 50% reduction of post-operative complications (14). in patients recei- 

ving radiotherapy, nutritional supplementation resulted in reduced weight loss and fewer 

treatment interruptions due to a reduction in acute mucositis and/or maintenance of per-

formance status (14, 21). nutritional interventions have been recommended as an integral 

part of anti-cancer therapy to improve clinical outcomes and quality of life (5, 14, 22, 23). 

cancer patients often start with an anti-cancer treatment soon after diagnosis and it is 

therefore of obvious clinical relevance to provide the optimal nutritional support as early 

as possible.

 immune modulatory effects of long-chain puFa are well described. both (n-6) and (n-3) 

puFa play a major role in immune regulation and the balance between them may affect the 

development and severity of inflammatory diseases (24, 25). however, to modify cell func-

tion and obtain beneficial immune modulatory effects, epa and dha must be effectively 

incorporated into cell membrane phospholipids. in the literature, the majority of studies 

providing epa and dha examine fatty acid incorporation and immune modulatory activities 

after 4, 8 or 12 weeks of supplementation (26-29).  in a previous study in healthy volunteers, 

however, nutritional intervention with a recently developed specific medical food* signifi-

cantly increased the percentage of epa into white blood cell (wbc) phospholipids within 

one week. additionally, ex vivo immune responsiveness to lps was increased significantly 

(30).the aim of the present study was, to investigate the rapid-acting effects of the medical 

food on the fatty acid incorporation into wbc phospholipids and the subsequent changes 

on parameters of immune function in cancer patients receiving radiotherapy. this medical 

food is high in protein and leucine and is enriched with emulsified fish oil (containing ei-

cosapentaenoic acid (epa) and docosahexaenoic acid (dha)) and a specific oligosaccharide 
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mixture, to reduce the inflammatory state and support immune function in cancer patients, 

aiming to reduce complications and to provide optimal treatment support.  

*a medical food is in the usa defined in 21 u.s.c. § 360ee(b)(3) as ‘‘a food which is for-

mulated to be consumed or administered enterally under the supervision of a physician 

and which is intended for the specific dietary management of a disease or condition for 

which distinctive nutritional requirements, based on recognizable scientific principles, are 

established by medical evaluation’’ (31). a comparable definition exists in the harmonized 

legislation of the european union (cf. article 1, 2(b) of commission directive 1999/21/ec of 

25 march 1999 on dietary foods for special medical purposes).

methodS 
 a randomized, controlled, double-blind study was conducted in order to investigate the 

incorporation of epa and dha into wbc phospholipids and to determine the effects on 

functional immune parameters after one week of nutritional intervention with a medical 

food in cancer patients receiving radiotherapy, compared with the effects of an iso-caloric 

and iso-nitrogenous control product. secondary study objectives were to investigate the 

incorporation of epa and dha into red blood cell (rbc) phospholipids and plasma and to 

assess the effects of the medical food on inflammatory status. moreover, nutritional status, 

safety and compliance were determined in these patients as well.

SuBJeCtS 

 in the period between october 2009 and January 2010, 39 patients with histologically 

confirmed solid tumor(s), receiving radiotherapy, were recruited from the department of 

radiology, division of radiooncology, Freiburg university hospital, Freiburg, germany. pa-

tients had an age of 18 years and above, a pathologically confirmed diagnosis of a solid 

tumor, a body mass index (bmi) between 18.5-30 kg/m2, were willing and able to abstain 

from alcohol use, smoking, fish or fish oil-, vitamin-, herbal -or other oil-containing sup-

plements and were included in the study after written informed consent was obtained. 

exclusion criteria were a life expectancy less than 3 months, surgery, chemotherapy and/

or hormone therapy in the previous 6 weeks, radiotherapy (before the current treatment 

cycles) in the previous 6 weeks, an eastern cooperative oncology group (ecog) perfor-

mance status of higher than 2, an altered immune function (e.g.  caused by a major active 

infection, autoimmune disease, active allergy, rheumatoid arthritis, inflammatory bowel 

disease, multiple sclerosis, or by use of medication  such as immunosuppressive drugs, 

immunomodulators or systemic corticosteroids), a  dependency on tube feed or parenteral 

nutrition during the previous 4 weeks, use of fish oil-, herbal -, or other oil-containing 

supplements during the previous 4 weeks, currently smoking or having smoked in the past 

6 months, intolerance of or allergy to dairy products, fish or other ingredients of the study 

products, pregnancy or lactation, dementia or an altered mental status that would prohibit 

the understanding and giving of informed consent, any other medical condition that might 

interfere with the safety of the patient or the outcome parameters or uncertainty about the 

willingness or ability of the patient to comply with the protocol requirements, according to 
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the investigator’s judgement. patients were advised to use paracetamol if analgesics were 

required during the study period and not to use nsaids (including aspirin) in the 48 hours 

before their visits. 

Study deSIgN 

 the study was conducted in compliance with the principles of the ‘declaration of hel-

sinki’ (59th wma general assembly, seoul, october 2008) according to the ich-gcp guide-

lines and was approved by the ethics committee of the albert ludwigs university, Freiburg, 

germany. after an initial pre-screening of patients undergoing out-patient radiotherapy 

by reviewing their electronic records, the remaining group was interviewed and patients 

fulfilling the selection criteria were screened and asked to participate in the study. subject 

characteristics, relevant medical history and anthropometrics were determined at visit 1 

(baseline). patients were randomized to the active group receiving the medical food or to 

the control group receiving an iso-caloric control product using a computerized rando- 

mization program. all subjects were asked to consume the study products for seven suc-

cessive days in addition to their normal food, starting with one dose in the afternoon of day 

0, 2 doses on days 2 to 6 and one dose in the morning of day 7.

 the morning of day 0, before visit 1, all patients consumed one unit of iso-caloric control 

product to minimize differences at baseline. at visit 1, before the first dose of the active 

medical food or control product and at visit 2 (day 7), after the morning dose of the active 

medical food or control product, body weight was measured and blood was drawn for the 

measurement of several immune, nutritional and safety parameters. the amount of study 

product taken was recorded daily in a diary by the patient. additionally, compliance, the use 

of concomitant medication or nutritional supplements, the occurrence of adverse events 

and diary completion were monitored at day 7. patients with an intake of <85% (less than 12 

doses) of the minimum amount of 2 x 200 ml active or control product per day, or an intake 

of <2 of the 3 products on days 6 and 7,  were considered as noncompliant and therefore as 

a protocol violation. 

NutrItIoNal INterveNtIoN

 the prescribed product intake during the study was 2 doses (2 x 200 ml sip feed) of either 

the active medical food or the control product daily. the active medical food is an energy 

dense (163 kcal/100 ml), nutritionally complete oral supplement that is high in protein and 

leucine and is enriched with emulsified fish oil (providing 2.4 g epa and 1.2 g dha daily), 

specific oligosaccharides and a balanced mix of vitamins, minerals and trace elements 

(table 1, nutricia n.v., Zoetermeer, the netherlands). the control product is an energy 

dense (160 kcal/100 ml), iso-caloric and iso-nitrogenous, commercially available, standard 

nutritional product (table 1, Fortisip extra, nutricia n.v., Zoetermeer, the netherlands).  all 

products were provided in white cartons (in two different flavours) to ensure blinding. 

Study outCome

 the primary outcome parameters of the study were the percentages of epa and dha of 

total phospholipid fatty acids of wbc and the ex vivo lps-stimulated cytokine and prosta-

glandin e2 (pge2) production in whole blood  after one week of intervention, as markers 
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for immune function (32). secondary parameters were the percentages of other n-3 and 

n-6 poly-unsaturated fatty acids (puFa) of total phospholipid fatty acids of wbc and rbc 

and plasma and serum levels of pro-inflammatory cytokines, c-reactive protein (crp) and 

pge2 as markers for the inflammatory state of the patients. 

 wbc and rbc were isolated from heparinized blood using a density gradient and stored 
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!

!

GHEH*

RRH*

ACEH*

RAH*

CLD*

FHEH*

RER*

REF*
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HE@*

HER*

CLEH*

CLEH*

CBEH*

BGEH*

!0)("/)&+,

S'(/.'"*+*8P#3T6<*

S'(/.'"*UB*8P#<*

S'(/.'"*6*8.#3V3J6<*

S'(/.'"*W*8P#<*
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S'(/.'"*=*8.#<*

=/$2(%"2'&)*8.#<*

,

!

CBH*

CEC*

BER*

AEG*

HER*

HEB*

REL*

HEL*

HE@*

GBEH*

HE@*

@EF*

RCEH*

HEB!

!

CAA*

REG*

REB*

CHEH*

HEB*

HEB*

FEH*

CEH*

HEF*

GHEH*

HED*

DEG*

CLEH*

H!

1(2*$,

Z3=/$"'('"%*8.#<*

=?20'"%*8.#<*

J/5$'"%*8.#<*

*

!

CHEL*

GLEH*

CBEB*

!

!

H*

@LEH*

H*

!

table 1 nutritional composition of the active medical food and iso-caloric control product (Fortisip extra) in grams  
  per 100 ml

values represent the amount of ingredients of the medical food in grams per 100 ml. abbreviations: epa, eicosapen-
taenoic acid; dha, docosahexaenoid acid; gos, galactooligosaccharides; Fos, fructooligosaccharides.



15
1

at -80°c until use.  in short, 30 ml heparin blood was diluted with 10 ml pbs (gibco brl, 

life technologies, merelbeke, belgium) + 2% heat-inactivated fetal calf serum (Fcshi) (hy-

clone, perbio science, etten-leur, the netherlands) and divided over two leucosep tubes 

pre-filled with Ficoll-isopaque (greiner bio-one b.v., alphen aan den rijn, the nether-

lands). tubes were centrifuged for 10 min at 1000 g (rt, no brake), wbc were collected and 

washed with pbs + 2% Fcshi.  wbc were resuspended in cold culture medium (rpmi-1640 

containing 25 mm hepes and 2 mm l-glutamine; life-technologies, enriched with 100 

ku/l penicillin/streptomycin) with 10 % Fcshi, counted and centrifuged for 10 min. at 17000 

g (rt). wbc pellets were stored at -80°c until analysis. rbc were collected after gradient 

centrifugation and stored at -80°c until analysis. plasma was obtained by centrifugation of 

5 ml heparinized blood for 5 min at 1300 g (rt) and stored at -80°c until analysis. phos-

pholipid fatty acids of wbc, rbc and plasma were analyzed by gas chromatography as 

described before (33).

 the whole blood assay was performed by adding 100 μl/well blood to 50 μl/well culture 

medium in a 96-well plate (flat-bottom, polystyrene, bd Falcon erembodegem aalst, bel-

gium). blood was subsequently incubated with 50 μl/well lps (final concentration 100 μg/l, 

e.coli, b55:o55, sigma-aldrich chemie, steinheim, germany) or culture medium (control) 

for 20 h at 37°c in a humidified environment containing 5% co2. afterwards, plates were 

centrifuged for 5 min at 250 g (rt) and supernatants were harvested and stored at –80°c 

until analysis. serum was obtained from blood collected in serum tubes (clotting tubes), 

which were incubated for 2 hours at rt. afterwards, blood was centrifuged for 10 min at 

1300 g (rt) and serum was stored at –80°c until analysis. cytokine production (interleukin 

(il)-8, il-1β, il-6, tumor necrosis factor (tnF)-α, interferon (iFn)-γ and il-10) was mea-

sured using a bio-plex cytokine bead immunoassay (bio-rad, veenendaal, the nether-

lands) according to the manufacturer’s protocol. pge2 was measured using a commercial 

enzyme immunoassay (biotrak amersham, buckinghamshire, uK) according to the manu-

facturer’s protocol.

 in addition, the following parameters were determined: white and red blood cell count 

and differential, hemoglobin, pre-albumin, albumin, and calcium and also safety para- 

meters for liver function (alat and asat), kidney function (creatinine) and partial thrombo-

plastin time were measured at the tumor biology center, Freiburg, germany. 

StatIStICal aNalySIS

 the primary parameters have not been reported in cancer patients receiving radiothera-

py before. therefore, the expected difference in the percentage of epa in plasma phospho-

lipids between the active and control group and its variance was estimated based on three 

studies in healthy volunteers (29, 30, 34). group size was based on the expected difference 

of the lps-stimulated cytokine production in whole blood cultures between the active and 

control group. its variance was estimated based on one study in healthy volunteers (30). 

with a significance level (α) of 0.05, a standard deviation of 24% and a power of 80%, a 

sample size of 13 per group would allow for a statistically significant difference after one 

week of nutritional intervention. taking into account a drop-out rate of 20% and the possible 

effects of the control sip feed, a sample size of 18 for each of the two groups would be suf-

ficient to detect a statistically significant result between the groups.  
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all subjects who received the study products were included in the intention-to-treat (itt) 

analysis. For baseline comparisons and efficacy analysis, the differences between the ac-

tive and control group were determined. the lps-stimulated data were corrected for the 

non-stimulated measurements by subtraction of the latter (resulting negative values were 

cut off at zero). anova with treatment as covariate was used to analyze the measurement 

of the study parameters. when the data were not normally distributed, the mann whitney u 

test was used. For the nominal variables a Fisher’s exact test was used and for the ordinal 

variables the difference between the active and control group were compared with the 

mann whitney u test. all adverse events were assessed and for affected patients medical 

history and medication use were checked. the statistical analyses were performed using 

sas version 9.1.3.

reSultS
Study PoPulatIoN aNd ComPlIaNCe

 in total 534 subjects, scheduled to undergo out-patient radiotherapy, were pre-screened 

in the study by reviewing their electronic records. afterwards, 349 patients were interviewed 

and of the 45 subjects that were screened in the study, 39 subjects were randomized and 

38 subjects received the study products (Figure 1), since 1 subject withdrew shortly after 

signing the informed consent form. patients failed to be included in the study due to dis-

interest (n=108), appointment time for radiotherapy unsuitable to process blood samples 

(n=81), smoking (n=57), cancer diagnosis within last 3 months (n=54), nsaid use (n=46), 

concomitant chemotherapy (n=29), obesity (n=21), surgery within past 6 weeks (n=20), no 

solid tumor (n=20), inability to swallow (n=19), use of oral nutritional supplements (n=17), 

language difficulties (n=16), radiotherapy completed within less than 5 days (n=16), and 

other causes (n=37).  

 of the 38 subjects that received the study products, 20 were allocated to the active 

product and 18 to the control product. these subjects were all included in the itt analysis. 

a total of 2 subjects (1 subject in the active group and 1 subject in the control group) termi-

nated the study early due to the development of nausea, resulting in no follow-up data. of 

the remaining 36 subjects, 3 subjects violated the protocol (2 subjects in the active group 

and 1 subject in the control group) by non-compliance or the use of corticosteroids. the 

average compliance with consumption of the products was similar for both groups (92% for 

the active product and 93% for the control product).

BaSelINe CharaCterIStICS

 the baseline characteristics of the patients are presented in table 2. at baseline, the 

mean age of the total patient group was 62.7 ± 11.0 years with a body weight of 70.8 ± 12.6 

kg. the active and control group matched well, with the only baseline difference being that 

patients in the active group had lost weight in the past three months (-1.8% ± 4.8%) while 

patients in the control group had gained in weight (1.5% ± 6.3%, p < 0.01). in 50% of the pa-

tients the tumor was located in the breast and in 26% of the patients the tumor was located 

in the prostate. other locations of the tumor included the gynaecologic area (5.3%), uri-

nary tract (5.3%), lungs (2.6%), head and neck (2.6%), esophagus (2.6%) and others (5.3%).  
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tnm stage ranged from i-iv, and was equally distributed among the study groups.  before 

radiotherapy, most patients had already received one or more previous treatments, includ-

ing surgery (n=29), radiotherapy (n=1), chemotherapy (n=12) and hormone therapy (n=11), 

but no differences between the active and the control group were detected. the planned 

radiotherapy schedule of the patients was 6.3 ± 1.4 weeks with an average planned dose of 

53.4 ± 16.2 gy divided over a total of 28.7 ± 9.8 fractions, which was not different between 

the groups. 

45 subjects screened 
for eligibility

39 subjects 
randomized

20 subjects  allocated to 
Active product *

18 subjects  allocated to 
Control product *

19 subjects completed 
1-week intervention

17 subjects completed 
1-week intervention

1 subject early 
terminated the study

1 AE

2 subjects violated the 
protocol

1 subject early 
terminated the study

1 AE

1 subject violated the 
protocol

38 subjects received 
study products

349 subjects inter-
viewed for eligibility

579 subjects pre-
screened for eligibility

figure 1 trial profile; screening, randomization and study completion. * included in itt analysis.
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effICaCy

 after one week of intervention, the incorporation of epa, dpa and dha into wbc 

phospholipids was significantly higher in the active group compared to the control group  

(p < 0.001, p < 0.01 and p < 0.05 for epa, dpa and dha, respectively, Figure 2). by contrast, 

the incorporation of arachidonic acid (aa) was significantly decreased in the active group 

compared to an increase in the control group (p < 0.001). the percentage of total n-3 puFa 

showed a significantly higher increase in the active group compared to the control group, 

whereas the percentage of total n-6 puFa in wbc phospholipids was decreased in the 
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table 2 baseline characteristics of the study groups

data represent the baseline characteristics as the number of subjects (n) and percentages or means ± sd of the active 
group (n=20), the control group (n=18) and the total patient group (n=38). a significantly different from the control group, 
p < 0.01 (mann whitney) b the distribution of patients over curative and palliative treatment is significantly different 
from the control group, p < 0.05 (Fisher’s exact). abbreviations: bmi, body mass index; gy, gray (unit of radiotherapy); 
tnm, tumor, node, metastasis.
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active group compared to the control group (table 3, p < 0.001), as was also observed for 

the ratio n-6/n-3 puFa (p < 0.001). in rbc phospholipids, the epa and dha incorporation 

were increased in the active group compared to a decrease in the control group after the 

intervention (p < 0.001 and p < 0.05 for epa and dha, respectively, table 3) but no effect 

of the intervention on dpa and aa was observed. in plasma, the percentages of epa, dpa 

and dha were significantly increased in the active group compared to the control group  

(p < 0.001), but no effect on aa was observed.

!
!

figure 2 incorporation of the (n-3) puFas epa (a), dpa (b) and dha (c) in wbc phospholipids of patients in the active  
  group (n=20) and control group (n=18) presented as the percentage of total phospholipid fatty acids at day 0  
  and day 7. data represent means (%) ± sem. *** incorporation at day 7 is significantly different from day 0 or  
  the delta of d7-d0 in the active group is significantly different from the control group, p <0.001 (anova), ** in  
  corporation at day 7 is significantly  different from day 0 or the delta of d7-d0 in the active group is signifi- 
  cantly different from the control group, p <0.01 (anova),* incorporation at day 7 is significantly different  
  from day 0 or the delta of d7-d0 in the active group is significantly different from the control group, p <0.05  
  (anova). abbreviations: Fa, fatty acids; epa, eicosapentaenoic acid; dha, docosahexaenoic acid. 
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the production of pro-inflammatory cytokines (il-8, il-1β, il-6, tnF-α, iFn-γ and il-10) 

and pge2 was measured in lps-stimulated whole blood (table 4). a good stimulation re-

sponse to lps was observed for all the mediators at the different time points. however, 

levels of il-6 were above the detection limit of the assay and therefore not measurable. af-

ter one week of nutritional intervention no significant differences between the active group 

and control group were observed for any of the pro-inflammatory mediators.
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table 3 incorporation of epa, dpa, dha, aa, total n-3 fatty acids, total n-6 fatty acids and ratio total n-6/n-3 fatty  
  acids of total phospholipid fatty acids in wbc, rbc and in plasma of patients in the active group (n=20) and  
  the control group (n=18) presented as percentages at day 0 and day 7 or as the ∆d7-d0. 

data represent means (%) ± sd. a significantly different from control p < 0.001 (anova), b significantly different from 
control p < 0.01 (anova), c significantly different from control p < 0.05 (anova). d significantly different from control  
p < 0.05 (mann-whitney). e significantly different from control p < 0.001 (mann-whitney). abbreviations: epa, eicosap-
entaenoic acid; dpa, docosapentaenoic acid; dha, docosahexaenoic acid; aa, arachidonic acid.
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serum concentrations of pro-inflammatory cytokines were relatively low, with most levels 

below or just above the detection limit of the assay. serum levels of only il-6 and il-8 could 

be measured properly, with levels of 0.99 pg/ml and 4.23 pg/ml in the active group and 

0.75 pg/ml and 3.47 pg/ml in the control group at day 0 and levels of 0.90 pg/ml and 4.33 

pg/ml in the active group and 1.01 pg/ml and 4.77 pg/ml in the control group at day 7. no 

significant differences were observed between the active and control group. by contrast, 

serum pge2 levels were decreased from 627 pg/ml at day 0 to 463 pg/ml at day 7 in the ac-

tive group and increased from 433 pg/ml at day 0 to 736 pg/ml at day 7 in the control group. 

the change (delta d7-d0) was significantly different in the active group (-78 pg/ml) and the 

control group (202 pg/ml, p < 0.01, Figure 3). by contrast, serum crp levels were relatively 

low and no differences were observed between the active and control group.

! !"#$%& '()*& '()+,& -./)0& '/.)1& '()+2& 3!45&

6789:;& !"!"#$"%&'(!)&'*# "!)+#$,-%(!"!.*# %"++#$!-&,(),-.*# '!!#$+%+(,+)*# )%"#$%%-(&..*# "-!!#$'")(-,")*#

<=>&2#

?#@8"#A& !!&"#$"+,!(!,+-*# "!&&#$'!"("&),*# %)).#$!+%&(-,.,*# '"+#$+',(".-,*# %,)#$%.%(+%.*# &+"#$%''(""'+*#

6789:;& "+-.#$""&,(!%-"*# "-.'#$,)&(",.+*# %,,+#$!+--().'-*# +&,#$)%%('%"*# +%'#$-%)(+',*# "".&#$+.'(%-'!*#

<=>&B#

?#@8"#A& !%!-#$"'..(%.+)*# "!+%#$+&!("&'-*# %+"+#$"').(+"..*# +,+#$%%)(""'&*# )-)#$!',(+))*# &-!#$%,)(")&)*#

6789:;& (",+#$(&",(!+-*# '%/'#$("+!(!,!*# %%,#$(&-,(,!"*# (-)/)#$(!'-(-'/!*# &)/%#$(-%/.("+-*# (!.+#$(!...(+%+*#

CDB)D2&

?#@8"#A& +'/)#$().)(-'&*# ''/!#$(!&&(%)-*# (!'!#$(',!(%'.*# ./!#$(","(!"%*# %)/"#$()-/.(!"-*# (-%/+#$(%).(+.+*#

#

table 4 production of cytokines and pge2 in lps-stimulated whole blood of patients in the active group (n=19) and  
  the control group (n=17) at day 0 and day 7 and calculated as the ∆d7-d0. 

data represent medians (pg/ml) and interquartile ranges (25th-75th percentiles). abbreviations: il, interleukin; tnF, 
tumor necrosis factor; iFn, interferon; pge2, prostaglandin e2.

!

figure 3 change in serum pge2 levels (pg/ml) of patients in the active group (n=19) and control group (n=16). data  
  are presented as the delta of d7-d0 in means ± sem. ** significant difference between the active and the  
  control group, p < 0.01 (anova).
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no differences were observed between the active group and control group in total and dif-

ferential blood cell count (leukocytes, neutrophils, monocytes, lymphocytes, basophils and 

eosinophils) at baseline and after one week (table 5).

as already mentioned, the body weight change in the previous 3 months was significantly 

different between the active and control group, however body weight at baseline was not 

different between the groups. after one week of nutritional intervention, body weight in-

creased from 73.4 kg at day 0 to 73.9 kg at day 7 in the active group and decreased from 

72.8 kg at day 0 to 71.7 kg at day 7 in the control group, but there was no significant dif-

ference between groups. Furthermore, no significant differences between the active and 

control group were observed in serum concentrations of pre-albumin, albumin and total 

calcium. 

Safety aNd toleraBIlIty

 a total of 32 adverse events (aes) were reported, 19 in the active group (in 13 patients) 

and 13 in the control group (in 10 patients). no serious adverse events were reported. 

the number of patients with at least one ae was not different between the active and 

control group. most adverse events were gastrointestinal with flatulence, constipation and 

eructation most frequently observed in the active group and diarrhea, flatulence, nausea 

and gastroesophageal reflux most frequently observed in the control group. blood safety 

parameters all remained within the respective reference ranges and no clinically relevant 

changes in liver and kidney function or in partial thromboplastin time were observed (data 

not shown).

dISCuSSIoN
 in the literature, incorporation of epa into wbc is generally described after a 4-, 8-, or 

even 12-week intervention period  (35), reaching levels of 2.5% of total lipids after 4 weeks 

of supplementation with fish oil providing 2.1 g epa and 1.1 g dha per day (36). 
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table 5 white blood cell counts in blood of patients in the active group (n=20) and the control group (n=18) at day 0  
  and day 7 and calculated as the ∆d7-d0. 

data represent means (x 109 cells/l) ± sd.
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interestingly, in a previous study in healthy volunteers, incorporation of epa into wbc phos-

pholipids was demonstrated within one week of nutritional intervention with the medical 

food (30). additionally, immune modulatory effects were observed by the increased pro-

duction of pro-inflammatory cytokines in lps-stimulated whole blood cultures within one 

week of nutritional intervention. comparably, in this double-blind, randomized, controlled 

study in cancer patients receiving radiotherapy, a rapid incorporation of epa and dha into 

phospholipids of wbc, rbc and plasma was observed after one week of intervention with 

the fish oil-enriched medical food compared to an iso-caloric and iso-nitrogenous con-

trol product. moreover, serum levels of the inflammatory mediator pge2 were significantly 

decreased in the active medical food group compared to an increase in the control group, 

whereas no effects were observed on the production of pro-inflammatory cytokines in lps-

stimulated whole blood cultures.

 cancer patients often suffer from a severe systemic inflammatory state that accounts 

for the production of chemokines, pro-inflammatory cytokines, prostaglandins and reactive 

oxygen/nitrogen species, inducing a cascade of events leading to a suppressed immune 

function (5, 10, 37, 38). prostaglandin e2 (pge2) is a major inflammatory and immune sup-

pressive mediator and is described to play a role in various human malignancies, including 

colon, lung, breast and head and neck cancer, and is often associated with a poor progno-

sis (8). it is produced by different types of cancer cells and their surrounding cells during 

the course of inflammation in response to growth factors, hormones and inflammatory 

cytokines (8, 39, 40). pge2 can act by regulating cell proliferation, apoptosis, migration and 

invasion of tumor cells, by secretion of growth factors, pro-inflammatory mediators and 

angiogenic factors or it can act as  a chemotactic factor for myeloid derived suppressor 

cells (mdscs), which have been demonstrated to inhibit immune surveillance and to be 

potent suppressors of anti-tumor immunity (8, 9, 39, 41). 

 in cancer patients receiving anti-cancer treatment, inflammatory and immune suppres-

sive effects were even more pronounced. surgery, radiotherapy and chemotherapy are as-

sociated with suppression of the cellular immune system and lead, in combination with 

malnutrition, to a reduced treatment efficacy and a higher frequency and severity of (infec-

tious) complications (5, 11-14). moreover, in patients receiving radiotherapy, the radiation 

exposure is associated with an increase in eicosanoid production, in which pge2 is predom-

inantly detected. moreover, inhibition of these prostaglandins can potentiate the anti-tumor 

effects of radiotherapy, with a main role for coX-2 being described (42).  on that account a 

reduction in pge2 levels, as observed in the present study, might be beneficial for patients 

receiving radiotherapy, to reduce the inflammatory state, improve immune responsiveness 

and reduce infections, and possibly potentiate the anti-tumor effects of the radiation.  each 

of the product features (high protein, leucine, fish oil and specific oligosaccharides) may 

have played a role in this process, but based on preclinical studies, overlapping biological 

activities and synergistic interactions between these ingredients are hypothesized to lead 

to the overall effect (33, 43, 44). 

 in contrast to serum levels of pge2, levels of other inflammatory markers were very 

low and around the detection limit of the assay, whilst before the start of the study a more 

severe inflammatory state of these patients was expected (38, 45). it appears that the  
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condition of the patients in this study is better than expected, which might also be ex-

pressed by a good immune responsiveness.  a possible explanation for the low inflam-

matory state of the patients might be the fact that in total 76% of the patients had had a 

previous operation, which might indicate that the tumor is dissected and less inflammatory 

cytokines become systemically available. moreover, the low levels of inflammatory media-

tors suggest the absence of a true catabolic and cachectic state of the patients, which is 

confirmed by the low amount of weight loss in the active group (-1.8 ± 4.8 %) and even 

weight gain in the control group (1.5 ± 6.3 %) in the previous 3 months. weight changes did 

not reach significance after the short term nutritional intervention with the active medical 

food, while in a previous study in esophageal cancer patients body weight was significantly 

increased after a period of 4 weeks of nutritional intervention with the active medical food, 

compared to a control product (submitted for publication). 

 in a study comparable to the present one, the effect of the active medical food was in-

vestigated in cancer patients without any treatment, after one week of nutritional interven-

tion. in the period between september 2009 and may 2010 31 patients were recruited from 

the meander medical centre, amersfoort, the netherlands and from the gelderse vallei 

hospital, ede, the netherlands. patients in this study suffered from an advanced disease 

(mainly stage iii and iv), being mainly lower gi cancer (n=13 of 31) and breast cancer (n=10 

of 31) and were randomized to the active (n= 16) and control (n= 15) group. in total 13 of 

31 patients received no treatment before the study, but with the exception of one patient, 

the rest of the patients (n=17) were treated with a palliative intention. this might indicate a 

severe illness, but even in these patients, serum levels of pro-inflammatory cytokines were 

very low and consequently, no differences between the active and control group were ob-

served. in this patients group suffering from advanced cancer, a severe inflammatory state 

would be expected (38). however, only crp levels were slightly higher (5 (2-13) mg/l, me-

dian (iQr)) compared to patients receiving radiotherapy in the previously described study (2 

(1-6) mg/l, median (iQr)), which might be correlated with the palliative phase of these can-

cer patients (46). by contrast, body weight and bmi of patients without any treatment were 

even higher compared to the patients receiving radiotherapy in the previously described 

study. moreover, serum levels of pge2 in the patients without any treatment were lower 

compared to the baseline levels of pge2 in patients receiving radiotherapy, which might be 

explained by the inclusion of mainly breast and prostate cancer patients in the latter, which 

is associated with a high coX-2 expression (47, 48). however, also in colorectal cancer pa-

tients enhanced levels of pge2 were demonstrated (49). another explanation could be the 

radiotherapy treatment of the patients, which might lead to high serum levels of pge2 as 

well (50). in contrast to the study in patients receiving radiotherapy, no effects of the nutri-

tional intervention were observed on serum pge2 levels after one week. this might be due 
to the relatively low levels in the patients without any treatment, since the rapid incorpora-
tion of epa and dha into phospholipids of wbc, rbc and plasma after the intervention was 
similar as in patients receiving radiotherapy. however, also the large variance within the 
relatively small patient groups in both studies might limit the ability to detect differences in 

the various immune parameters.

 in conclusion, the present study demonstrates a rapid incorporation of epa and dha 

into wbc and a significant reduction of serum pge2 levels in cancer patients receiving 
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radiotherapy after a one week of nutritional intervention with a medical food, which is high 

in protein and leucine and enriched with emulsified fish oil (containing epa and dha) and a 

specific oligosaccharide mixture compared with the effects of an iso-caloric and iso-nitro- 

genous control product. moreover, the medical food is well-appreciated with a high compli-

ance rate of study product intake. no clinically relevant safety concerns were reported and 

no changes in blood safety parameters were measured. consequently, these results show 

that nutritional intervention with the specific medical food may represent a new opportunity 

for applications in cancer patients being an integral part of disease management to provide 

optimal treatment support. additional research is recommended to elucidate the potential 

immunological effects in different types and stages of cancer.
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dISCuSSIoN
 the results described in this thesis, obtained with the medical food concept in the pre-

clinical experiments provide insights into the role of nutrition and are consistent and pro- 

mising for translation to the human setting. in the colon-26 tumor model, immune func-

tion was already suppressed before the onset of weight loss (chapter 2). this could be 

the result of a chronic inflammatory state recruiting different types of inflammatory cells 

including tam and mdsc as has been shown by the gr1+ and F4/80+ cells in the spleens 

presented in chapter 3. it might be that these gr1+ and F4/80+ cells, in chapter 3 named 

granulocytes and macrophages/monocytes, are the immune suppressive tam and mdsc, 

since they have the same receptors, however, this could not be confirmed since no other 

more specific markers of tam and mdsc were measured. 

 both tam and mdsc exacerbate the inflammatory response at the tumor environment 

by the production of pro-inflammatory mediators as il-6, tnF-α and pge2, as was also 

observed in chapter 3, further driving forward the malignancy cascade. moreover, mdsc 

are associated with a profound immune suppression in animals and many cancer patients 

(1, 2). 

 at this early stage of the disease, before weight loss is apparent, the specific nutritional 

combination significantly restored th1 immune responses that were suppressed in the 

presence of the colon-26 tumor (chapter 3). in cachectic mice, these effects on immune 
function were supported by the beneficial effects of the snc on ex vivo cona-stimulated 
t-cell responses in splenocytes and whole blood combined with a trend to an increased il-

1β, tnF-α and il-6 production in lps-stimulated whole blood. these findings indicate an 

enhanced capacity of immune cells to mount acute infection-like responses ex vivo. more-
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over, the snc reduced the plasma levels of pro-inflammatory mediators as il-6, tnF-α 

and pge2 and inhibited wasting of protein and lipid stores, leading to less severe cachexia. 

 however, no effects of the snc were observed on the gr1+ and F4/80+ cells, making the 

role of tam and mdsc in the cachexia-induced inflammation and immune suppression less 

clear. nevertheless, it can be concluded that the snc has potential as immune-supporting 

nutritional intervention. since immune function in tumor-bearing mice is already affected 

before the onset of weight loss, and with the assumption that this is also the case in the 

human setting, it is important to consider nutritional support with immune-modulating 

properties as early as possible in order to stop or reverse the nutritional decline, slow down 

the progression of cachexia and counteract dysfunction of the immune system to reduce 

the risk of (infectious) complications.

translating the beneficial effects on immune function to a setting investigating the resis-

tance to infections with a relevant living pathogen, the snc significantly reduced the inci-

dence and severity of pseudomonas aeruginosa infections in a model for chemotherapy-

induced neutropenia, dealing with severe immune suppression (chapter 4)(3). no effects of 

the snc on either neutrophil or lymphocyte count could be observed, similar to what was 

observed in the c26 model in chapter 3. nevertheless, the beneficial effects of the snc 

on the immune system in both studies can be explained by a beneficial effect on the inte- 

grity of the intestinal mucosa, by decreasing the number of pathogenic bacteria and/or by  

improving immune cell function rather than the number of immune cells. this might be the 

result of the combination of specific oligosaccharides and fish oil, present in the snc. 

 the non-digestible oligosaccharides are fermentable fibers with prebiotic properties 

that have been associated with immune modulatory effects and other health benefits, in-

cluding an improved gut barrier function. they can modulate the immune system via a 

microbiota-dependent (prebiotic) mechanism, but they may also directly affect immune 

function by blocking or activating specific receptors on immune cells, leading to improved 

immune responses. moreover, fish oil contains high amounts of the (n-3) puFa epa and 

dha playing a major role in the regulation of immune responses and inflammation as well. 

treatment with the snc also improved body weight in chapter 4. although this may be re-

lated to the reduction in translocation and inflammatory mediators, the high levels of pro-

tein and the bcaa leucine may be involved as well, since these ingredients have contributed 

to the preservation of muscle mass and function, and significantly reduced weight loss in 

previous experiments, when combined with fish oil (4).

 in chapter 4, a model without the presence of a tumor was used, since adding this would 

complicate the model too much, making it difficult to control well. nevertheless, the re-

duced incidence and severity of infections after intervention with the snc seems promising 

for applications in human cancer patients, who are vulnerable for infections due to chemo-

therapy treatment or other reasons. it is important to gain insight into the relation between 

the tumor, the anti-cancer treatment (chemotherapy) and the nutritional ingredients both 

for safety reasons and efficacy reasons and to optimize the nutritional intervention with 

regard to dose, composition, schedule of administration, and target populations.

 before investigating the effects of the specific nutritional combination in cancer pa-

tients, the concept was tested in healthy volunteers, with the additional goal to investigate 
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the incorporation kinetics of epa and dha into white blood cell phospholipids within one 

week of intervention (chapter 5). in literature, the majority of studies providing epa and 

dha examined fatty acid incorporation and immune modulatory activities after 4, 8 or 12 

weeks of supplementation (5-8). For that reason, the results of the present study, demon-

strating a very rapid incorporation of epa into white blood cell phospholipids within one 

week of intervention with the medical food, may be beneficial for applications in cancer pa-

tients starting a treatment regimen soon after diagnosis, in order to reduce complications 

and provide optimal treatment support. moreover, the rapid immune modulatory effects 

that were observed in the study have not, to the best of our knowledge, been described pre-

viously. the observed increased production of lps-stimulated pro-inflammatory cytokines 

could be beneficial for an individual’s ability to react to acute infectious triggers. however, 

others have interpreted enhanced lps-stimulated cytokine responses as indicative of an 

elevated (chronic) inflammatory state (9, 10). therefore, further translational research in 

cancer patients is recommended, to determine whether these immunological changes 

lead to functional benefits. 

a next step in this process was described in chapter 6, focusing on the effects of the med-

ical food in cancer patients, frequently suffering from a severe inflammatory state and 

a reduced immune competence, factors that have been associated with the presence of  

cachexia (11-13). malnutrition before the start of treatment has even been related to short-

er survival in patients suffering from gastrointestinal cancers and head and neck cancers 

(14-16). moreover, in malnourished patients, pre-operative nutritional support is associat-

ed with a 50% reduction of post-operative complications (17), including decreased gastro-

intestinal toxicity, improved performance status and increased immune responses (18). 

 For that reason, the selection of esophageal cancer patients in chapter 6, was based on 

the fact that 57%-69% of these patients generally suffer from weight loss, depending on 

the stage of their disease.   moreover, recent data showed that 32% of the patients who had 

an esophagectomy experienced more than 10% weight loss preoperatively (19, 20). accor- 

dingly, dietary intake, serum crp concentrations and stage of the disease have been de- 

monstrated as independent variables which have been associated with the degree of weight 

loss with an estimated effect of 38%, 34% and 28%, respectively (20-22). in addition to the 

high prevalence of malnutrition, esophageal cancer patients are frequently described to 

suffer from a suppressed immune function preoperatively (23-25). nutritional intervention 

with an epa-enriched concept might induce beneficial effects on parameters of immune 

function and inflammation around surgery (26-28). moreover, the time period in esopha-

geal cancer patients without other treatments as chemo-or radiotherapy before surgery is 

relatively long, enabling an intervention period of 4 weeks before treatment. 

 in the study described in chapter 6, already at baseline, hardly any differences could 

be detected between healthy volunteers and the patient population on immune function 

or inflammation related parameters. it appears that the patients included in this study 

had a better immune function than expected, possibly due to the type of cancer or the 

early phase of patient inclusion, just after diagnosis. moreover, the studies in esophageal 

cancer patients demonstrating severe malnutrition and reduced immune responsiveness, 

especially around major surgery were primarily performed in Japan, where the incidence 
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of squamous cell carcinoma of the esophagus is higher compared to adenocarcinoma (29), 

whereas in the present dutch study adenocarcinoma of the esophagus is mostly observed. 

accordingly, immune function of patients in the dutch study might be less compromised 

compared to patients in the studies performed in Japan.

 nevertheless, baseline levels of il-6, il-1β and crp were significantly higher in the 

total patient group compared to healthy volunteers. in the patient group, baseline crp 

levels were significantly higher in group 2, compared to group 1, indicating a more severe 

inflammatory state of the patients in group 2, probably related to a higher weight loss in 

this group. however, after nutritional intervention, serum pge2 levels were significantly 

decreased in the medical food group and increased in the control group. in addition, body 

weight increased significantly and ecog performance status was significantly improved 

after intervention with the medical food. accordingly, a relation between the improved body 

weight and reduced serum pge2 levels may exist via the reduction of (pre-) cachexia and 

inflammation, since body weight show a significant inverse correlation with serum pge2 

levels in group 2 (p=0.02).

in cancer patients receiving anti-cancer treatment, the inflammatory and immune suppres-

sive effects were expected to be even more pronounced, since surgery, radiotherapy and 

chemotherapy are associated with suppression of the cellular immune system and lead, 

in combination with malnutrition, to a reduced treatment efficacy and a higher frequency 

and severity of (infectious) complications (12, 17, 30-32). moreover, in patients receiving ra-

diotherapy (chapter 7), the radiation exposure is associated with an increase in eicosanoid 

production, in which pge2 is predominantly detected (33).  however, in contrast to serum 

levels of pge2, levels of other inflammatory markers were mostly below the detection limit 

of the assays used, whilst before the start of the study a more severe inflammatory state of 
these patients was expected (34, 35).
 it appears that the condition of the patients in this study is better than expected, which 

might also be associated with a good immune responsiveness.  a possible explanation for 

the low inflammatory state of the patients might be the fact that in total 76% of the patients 

had a previous operation, which might indicate that the tumor was resected, leading to 

lower levels of (tumor-induced) systemic inflammatory cytokines. moreover, the low levels 

of inflammatory mediators suggest the absence of a true catabolic and cachectic state of 

the patients, which is confirmed by the minimal amount of weight loss in the active group 

(-1.8 ± 4.8 %) and even weight gain in the control group (1.5 ± 6.3 %) in the past 3 months.

however, in a comparable study in patients without any treatment, patients suffered from 

advanced disease (mainly stage iii and iv) and more than 50% of the patients were treated 

with a palliative intention.  in this group of more severe patients, a major inflammatory 

state would be expected (34), but even in these patients, serum levels of pro-inflammatory 

cytokines were very low. only serum crp levels were slightly higher compared to patients 

receiving radiotherapy, which might be correlated to the palliative phase of the cancer pa-

tients without any treatment (36). however, serum levels of pge2 in patients without any 

treatment were lower compared to the baseline levels of pge2 in patients receiving radio-

therapy and body weight and bmi of patients without any treatment were even higher com-

pared to the patients receiving radiotherapy, which might be explained by the inclusion of
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mainly breast and prostate cancer patients in the latter (37, 38). another explanation might 

be the radiotherapy treatment of the patients (39). however, the large variance within the 

relatively small patient groups in both studies limited the power of the studies to detect 

differences on the various immune parameters.

 in general, it is known that inflammation plays a central role in the process of tumor-

induced cachexia and treatment-related disorders. each of the ingredients in the specific 

nutritional combination might play a specific role in this process, but overlapping biological 

activities and synergistic interactions between them eventually lead to a multi-target ap-

proach (Figure 1). 

 however, the beneficial effects of the specific nutritional combination on immune func-

tion and inflammation observed in the pre-clinical studies have only partly been demon-

strated in a clinical setting in cancer patients. From the three clinical studies in several 
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  leading to more infections, a reduced performance status and decreased Qol and eventually to a reduced  
  treatment adherence and even to reduced survival of cancer patients. moreover, targets and mechanisms of  
  action of the ingredients of the specific medical food were presented.
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types of cancer patients, it appears that these patients are in a better state, have a better 

immune competence and less inflammation than expected, based on several reports in 

literature. serum levels of pro-inflammatory cytokines and crp were very low and ex vivo 
cona- or lps-stimulated proliferation and cytokine production in pbmc was not changed 

between patients and healthy volunteers. even when patients have lost 5-10% of their 

weight in the past 3 months due to esophageal cancer, as described in chapter 6, their 

inflammatory state was not as high as expected and no apparent compromise in immune 

function was observed. 

 For that reason, the window for the nutritional intervention to lower inflammation or 

restore immune function was limited. these findings stress the need for a critical reevalu-

ation of the role and timing of nutritional support during cancer in specific patient groups. 

nevertheless, in both the study in esophageal cancer patients and the study in cancer pa-

tients receiving radiotherapy, serum pge2 levels were significantly reduced. although the 

inflammatory state was not severe in these patient groups, this finding may still indicate a 

beneficial effect on the inflammatory state, difficult to quantify as it may be, that may lead 

to a clinical benefit. it is described that in patients receiving radiotherapy, the radiation ex-

posure is associated with an increase in eicosanoid production, in which pge2 is predomi-

nantly detected (33). 

 on that account, inhibition of these prostaglandins can potentiate the anti-tumor effects 

of radiotherapy, with a main role for coX-2 being described (33).  the effect on pge2 was 

accompanied by a significant increase in body weight and an improved ecog performance 

status of esophageal cancer patients, which are important targets in cancer patients that 

may contribute to a better quality of life. in cancer patients receiving radiotherapy, the re-

duction in pge2 was accompanied by a rapid incorporation of epa and dha into white blood 

cells after one week of nutritional intervention. since the medical food was well-apprecia- 

ted and no clinically relevant safety concerns were reported, these results indicate that an 

approach to provide rapid nutritional support in cancer patients is feasible and safe. 

future PerSPeCtIveS
 as a first step, it is essential to get more insight into the prevalence of cancer-specific 

problems in the different types of cancer. it appears that some cancer types have a higher 

incidence of specific characteristics, including weight loss, cachexia, inflammation, reduced 

immune function and performance status and decreased quality of life, than others. the 

stage of the disease, presence of a tumor and anti-cancer treatments may influence these 

conditions as well. For that reason, we have to look critically where to give nutritional sup-

port to which patient group and in what time frame. we have to think about the benefits we 

would like to achieve, the outcomes we have to measure and the patient groups we would 

like to target. weight loss (especially lean body mass), infectious complications, treatment-

related toxicities and reduced quality of life are interesting targets in patients suffering, for 

example, from head and neck cancers and colorectal cancers, whereas in patient suffering 

from breast cancer weight loss is less pronounced. before as well as during chemotherapy 

and radiotherapy specific nutritional support can be beneficial providing optimal treatment 

support leading to improved clinical outcomes.
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the timing of nutritional support, including the start of nutritional support as well as the 

duration of the intervention, is also a major factor, since the need for nutritional support 

is not the same on different time points during the course of cancer. For that reason we 

have to think about specific nutritional concepts for specific target groups, e.g. during che-

motherapy, before or after surgery, or about a concept for a specific cancer type. we have 

to define a target population, map out their problems, adapt the medical food concept and 

make it attractive to achieve a high compliance and to obtain beneficial effects. 

small proof of concept studies in specific cancer types can be performed to gain insight 

into mechanisms, to clearly define target groups and to validate measurements before the 

implementation into larger studies. moreover, these proof of concept studies could be used 

to scope small immune modulatory effects of a nutritional concept in this specific setting. 

ideally, immune markers should correlate with clinically relevant outcomes and predict 

the resistance to infections and other illnesses associated with the dysregulation of the 

immune system. moreover, it is important to know the association between changes in any 

given immune marker and predisposition to, or presence of a disease (40). 

 For that reason, it would be valuable to measure immune function by a kind of chs or 

dth like in vivo response to an immune challenge of some sort, as indicated a primary 

recommended marker for immune function. moreover, vaccine-specific serum antibody 

production would be of high value as well. however, in cancer patients, it is very difficult 

to design a study in which a vaccination protocol is safe, ethical, well-tolerated and suiting 

in the treatment schedule of the patients, without interfering the study outcome. ex vivo 

innate parameters, such as phagocyte function, nK-cell activity and apc function, would 

be of interest as well, but the variation in different groups of cancer patients is very high as 

was also observed in our studies.  

to collect more evidence on the support of the immune system in severe affected and im-

mune compromised cancer patients, upon the subtle effects found in the pilot studies, it 

is pivotal to perform future studies with a high number of patients in order to confirm the 

clinical benefits. studies have to be randomized, controlled, multi-centered with clinical 

endpoint parameters such as (infectious) complications, antibiotic usage, treatment adhe- 

rence and toxicities, since these endpoints can really affect patients outcome, recovery, and 

most importantly for the patients themselves, quality of life. in addition, health economics 

have to be determined in these studies as well, in order to find out whether the benefits of 

the concept will compensate for the potential higher costs. moreover, besides effects on 

immune function, studies that focus on body weight and the loss of lean body mass can 

provide important insights, since significant effects on body weight and performance status 

have been observed with the specific nutritional combination. loss of lean tissue, specifi-

cally skeletal muscle, may be the result of the tumor or a side-effect of chemotherapy or 

other drugs. consequently, lean tissue loss in turn has important adverse implications for 

toxicity of anti-neoplastic therapy and, hence, cancer prognosis (41). inflammatory mar- 

kers may be coupled to body weight, lean tissue and performance status of the patients 

as well, since the improved body weight in esophageal cancer patients correlated to the 

reduction of the inflammatory markers pge2, as presented in this thesis.

 another option would be to offer a complete treatment support including physical activity 
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(pa). pa can be combined with a nutritional intervention in cancer patients, since pa is an 

important health behavior for the prevention and management of many acute and chronic 

diseases (42). pa is defined as any bodily movement produced by the skeletal muscles that 

results in a substantial increase in energy expenditure. research to date suggest that pa 

may reduce the risk of developing cancer, help cancer patients to cope with and recover 

from treatments, improve the health of cancer patients, and possibly even reduce the risk 

of recurrence and extended survival in some cancer groups. many mechanisms may be 

involved including insulin resistance, sex hormones, inflammation, immune function and 

vitamin d, and combined with the specific nutritional ingredients the effects might be even 

more pronounced (42). however, to elucidate the effect of pa in combination with a specific 

nutritional intervention, additional research is needed to investigate timing, dose and be- 

nefits for specific patient groups.

in conclusion, this thesis shows that nutritional intervention with a unique specific medical 

food may represent a new opportunity for applications in cancer patients being an integral 

part of disease management and enabling an early supportive care strategy. however, to 

demonstrate that these effects could maximize the chances of reducing disease progres-

sion, reducing the frequency and severity of complications and improving treatment adher-

ence and quality of life, additional steps have to be taken to translate the preclinical findings 

to clinical practice. For that reason, additional research is necessary to elucidate the po-

tential immunological effects of nutritional concepts in different types and stages of can-

cer, measured by clinically relevant endpoints, in order to optimize a powerful supportive  

care strategy in the future that leads to clinical benefits in cancer patients.
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8 Summary

 cancer is a collective name for more than a hundred distinct diseases and is an impor-

tant cause of morbidity and mortality worldwide (Chapter 1). the development of cancer 

is a multi-factorial process. genetic factors, as well as lifestyle factors are involved in this 

process. ageing is another fundamental factor in the development of cancer. cancer ge- 

nerates a complex set of conditions in which many aspects can affect the clinical course 

and prognosis of the disease, including the type and stage of the tumor, individual charac-

teristics, anti-cancer treatment and presence of cancer cachexia. 

 cachexia is a major problem in many cancer patients with a global incidence of malnu-

trition ranging from 30% to 90% during the course of cancer. the main characteristics of 

this chronic condition of catabolism include progressive weight loss, anorexia, wasting of 

muscle and adipose tissue, muscle weakness (asthenia) and fatigue. tumor-derived fac-

tors, therapeutic strategies, but also nutritional status, age and even stress and depression 

are involved in this process, resulting in a chronic inflammatory state and paradoxically 

impaired immune responsiveness. together, these factors may lead to disease progres-

sion, increased (infectious) complications and a delayed or suboptimal treatment regimen 

resulting in a reduced quality of life and a poor prognosis. 

 accordingly, a multi-disciplinary approach, including nutritional support is recom-

mended which is initiated at the moment of diagnosis and runs parallel to the pathway 

of anti-cancer therapies. moreover, guidelines are published by the european society for 

clinical nutrition and metabolism (espen) providing evidence-based information on nu-

tritional support relating to specific problems like timing, dosing, composition and route 

of application. a first key step is to identify patients who might benefit by routine screening 
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using a thorough nutritional assessment by a dietician. accordingly, nutritional support can 

be provided, tailored to patient’s individual needs, medical condition and the current and 

expected side effects of treatment in order to prevent involuntary weight loss and delayed 

treatment schedules, and to improve clinical outcomes and quality of life.  

For that reason, a specific nutritional combination has been developed for application in 

cancer patients. this concept is high in protein and leucine and is enriched with emulsified 

fish oil (containing epa and dha) and a specific oligosaccharide mixture and is designed to 

reduce complications and to provide optimal treatment support by reducing the inflamma-

tory state, supporting immune function, and preserving muscle mass and function. in order 

to get insights into the efficacy of nutritional ingredients, a recently modified and validated 

animal model for cancer cachexia was used, based on the colon-26 tumor model, in which 

amongst others parameters of immune function were measured. 

 in Chapter 2, the appearance of immune suppression during the course of the ca-

chexia process was studied by the measurement of contact hypersensitivity (chs) towards  

oxazolone as a validated in vivo parameter for th1-mediated immune function. chs was 

measured at two time-points during the study to observe changes in the immune status 

in a pre-cachectic and a cachectic state of the mice. the results indicated that immune 

function was already suppressed before weight loss was apparent. For that reason, im-

mune suppression was identified as a potential early risk factor for cachexia.  this would 

argue for an early supportive care strategy in cancer patients including specific nutritional 

support. the consideration to provide nutritional support as early as possible, preferably 

starting at diagnosis and running parallel to the pathway of anti-cancer therapies might 

therefore be of high importance to support immune function and to reduce inflammation 

and other cachexia features.

 

to evaluate the potential benefits of specific nutritional support for immune competence, 

the effects of the individual ingredients as well as of the complete mixture of ingredients 

of the specific nutritional combination (snc) were investigated on inflammatory status, 

immune function and on different biomarkers for cachexia in the colon-26 tumor model 

(Chapter 3). the addition of one of the individual nutritional ingredients to the diet did not 

result in any effect on bodyweight compared with animals in the tumor-bearing group. 

however, a diet containing the snc improved bodyweight significantly, indicating a less 

cachectic state of the mice. this was emphasized by a positive effect on other cachec-

tic features, such as a significant inhibition of weight loss of epididymus fat and skeletal 

muscles. moreover, no effect of the individual ingredients on chs was observed in tumor-

bearing mice in a pre-cachectic state. 

 however, after administration of the complete mixture (snc), immune responsiveness 

was increased significantly, indicating a better th1-mediated immune response prior to 

weight loss. in addition, in mice already suffering from cachexia, the snc reduced plasma 
levels of pro-inflammatory cytokines and beneficially affected ex vivo immune function 
representing a lower inflammatory state and better immune responses. apparently, the 
combination of the nutritional ingredients is required to obtain a synergistic effect, leading 

to a reduced inflammatory state and improved immune competence in this early phase 

compared to an iso-caloric control diet.
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to translate these beneficial immune modulatory effects to a setting investigating the re-

sistance to infections with a relevant living pathogen, the effect of the snc on pseudomonas 
aeruginosa infections was studied in a murine model for chemotherapy-induced neutrope-

nia, dealing with severe immune suppression (Chapter 4). this resembles the situation in 

patients suffering from chemotherapy-induced infectious complications, which have been 

associated with a higher morbidity and mortality during advanced disease. infections were 

measured by the incidence and severity of bacterial translocation to liver and lungs and 

confirmed by plasma levels of pro-inflammatory cytokines. 

 after the chemotherapy treatment, the mice became severely neutropenic. however, 

the snc did not affect the levels of the different blood cell types. nevertheless, bodyweight 

growth in mice that received the snc diet was already higher before the chemotherapy 

treatment compared to mice that received a control diet, whereas food intake was not 

affected. after chemotherapy treatment, bodyweight declined, but was still significantly 

higher in the snc group. moreover, dietary intervention with the snc significantly reduced 

the incidence and severity of p. aeruginosa infection by reducing the translocation to the 

liver. a similar trend was observed in the lungs. 

 in addition, the snc reduced the fecal ph, which may at least partly explain the lower 

p. aeruginosa counts in fecal samples during the nutritional intervention phase of the ex-

periment. plasma levels of pro-inflammatory cytokines tended to be reduced and a strong 

correlation was observed with bacterial translocation to the liver. several mechanisms 

might have played a role, including modulation of the intestinal microbiota, an improved 

gut barrier function, immune function, and a reduced inflammatory state. translated to the 

human situation these results might be beneficial for patients suffering from a quiescent 

intestinal infection that after chemotherapy, surgery, or transplantation, leads to bacterial 

translocation and results in a severe sepsis.

the next step to a clinical application and validation in cancer patients was to study the ef-

ficacy as well as safety of the specific nutritional combination in a medical food in healthy 

volunteers. in this proof of concept study, twelve healthy men and women consumed the 

medical food for a period of one week as described in Chapter 5. immune function was 

measured by the ex vivo lps-stimulated cytokine production in whole blood cultures. an 

additional objective of this study was to investigate the incorporation kinetics of epa and 

dha (from fish-oil) into white blood cell phospholipids within one week of intervention, 

since a rapid and effective incorporation of these n-3 puFa might be very important for 

cancer patients starting a treatment regimen soon after diagnosis. 

after one day of nutritional intervention, the percentage of epa in white blood cell (wbc) 

phospholipids increased significantly and rose even further towards the end of the week. 

no effect was observed on the percentage of dha in wbc phospholipids after one week of 

nutritional supplementation, whereas the percentage of dpa (n-3) increased significantly 

and the percentage of aa was reduced from day two and onwards. comparable results 

were obtained for the incorporation into plasma and red blood cell (rbc) phospholipids. 

moreover, intervention with the medical food significantly enhanced the production of pro-

inflammatory cytokines in lps-stimulated whole blood cultures, indicating immune modu-

latory effects within one week of nutritional intervention, which might be beneficial for an 
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individual’s ability to react to acute infectious triggers. these results confirm the potential 

for achieving rapid immune modulatory effects with the medical food in a clinical human 

setting.

in Chapter 6, the effect of a 4-week nutritional intervention with the medical food on im-

mune function was investigated in an early phase in a group of sixty-four newly diagnosed 

esophageal cancer patients before the start of anti-cancer therapy. in this exploratory, 

randomized, double-blind study, the group receiving the specific medical food was com-

pared with a control group that received routine nutritional support. immune function was 

measured by the ex vivo cona- and lps-stimulated proliferation and cytokine production 

in pbmc cultures.  secondary objectives were to assess the effects of the medical food on 

parameters of inflammation, nutritional status, product palatability and safety. data on im-

mune function, inflammation and nutritional status of healthy volunteers were obtained to 

compare baseline values and allow adequate interpretation of the data. 

 at baseline, no differences between healthy volunteers and the patient population were 

observed on the ex vivo stimulations of blood mononuclear cells and subsequently, no ef-

fect of the nutritional intervention could be detected. by contrast, after the four week inter-

vention period, the incorporation of total n-3 puFas, epa, dpa and dha in plasma phos-

pholipids was significantly increased in the medical food group compared to the control 

group, whereas the incorporation of total n-6 puFas, aa and the ratio n-6/n-3 puFas was 

significantly decreased in the medical food group. several inflammatory serum markers 

were significantly higher in patients compared to volunteers at baseline and after the nu-

tritional intervention, serum pge2 levels were significantly decreased in the medical food 

group and increased in the control group. in addition, body weight increased significantly 

and ecog performance status was significantly improved after intervention with the medi-

cal food. moreover, the medical food is well-appreciated with a high compliance rate of 

study product intake. no clinically relevant safety concerns were reported and no changes 

in blood safety parameters were measured.

the risk of immune suppression is high after anti-cancer treatment, leading to a reduced 

treatment efficacy and a higher frequency and severity of infectious and other complica-

tions. therefore, the rapid-acting effect of the medical food was investigated in a group of 

thirty-eight cancer patients receiving radiotherapy within one week of nutritional interven-

tion as described in Chapter 7. in this randomized, double-blind study, the group receiving 

the specific medical food was compared with a control group receiving an iso-caloric and 

iso-nitrogenous product. epa and dha incorporation into white blood cell phospholipids 

was measured at baseline and after one week of intervention. the subsequent changes 

on immune function were measured by the ex vivo lps-stimulated cytokine production in 

whole blood cultures. secondary objectives of the study were to assess the effects of the 

medical food on inflammatory status, nutritional status, safety and compliance. 

 after one week of intervention, the incorporation of total n-3 puFas, epa, dpa and dha 

in wbc phospholipids was significantly increased in the medical food group compared to 

the control group, whereas the incorporation of total n-6 puFas, aa and the ratio n-6/n-3 

puFas was significantly decreased in the medical food group. comparable results were ob-
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tained for the incorporation into plasma and red blood cell (rbc) phospholipids. no effects 

were observed on the production of pro-inflammatory cytokines in ex vivo lps-stimulated 

whole blood cultures after one week intervention with the medical food and moreover, no 

effects on serum levels of inflammatory cytokines could be detected, but these levels were 

relatively low. by contrast, serum levels of pge2 were significantly decreased in cancer 

patients receiving radiotherapy after a one week of nutritional intervention with a medical 

food and no clinically relevant safety concerns were reported. 

the results of the present thesis show that nutritional intervention with a unique specific 

medical food may represent a new opportunity for applications in cancer patients being an 

integral part of disease management and enabling an early supportive care strategy.
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SameNvattINg
 Kanker is een verzamelnaam voor meer dan honderd verschillende ziekten (hoofdstuk 

1). al deze verschillende soorten kanker hebben één gemeenschappelijk kenmerk: een 

ongeremde deling van lichaamscellen. in het menselijk lichaam zorgen vele regelmecha-

nismen voor een gecontroleerde groei en ontwikkeling van nieuwe cellen en voor de dood 

van beschadigde of verouderde cellen. wanneer er echter veranderingen optreden in het 

stukje genetisch materiaal dat verantwoordelijk is voor deze regelmechanismen, kan een 

normale cel transformeren tot een kankercel, die uiteindelijk kan uitgroeien tot een tumor. 

bij de ontwikkeling van kanker spelen verschillende factoren een rol. erfelijke factoren en 

levensstijl factoren zijn betrokken bij dit proces, maar ook veroudering speelt een belan-

grijke rol bij het ontstaan van kanker. Kanker heeft invloed op veel processen in je lichaam 

waarbij verschillende aspecten, zoals het type en stadium van de tumor, individuele per-

soonskenmerken, anti-kanker behandelingen en de aanwezigheid van kanker cachexia, het 

klinische verloop en de prognose van de ziekte kunnen beïnvloeden.

 cachexia is een groot probleem in veel kankerpatiënten. wereldwijd krijgt zo’n 30% tot 

90% van de patiënten tijdens het verloop van hun ziekte te maken met een vorm van onder-

voeding of cachexia. de belangrijkste kenmerken van deze chronische aandoening zijn 

progressief gewichtsverlies, anorexia, verlies van spier- en vetweefsel, spierzwakte en ver-

moeidheid. er zijn verschillende factoren die een rol spelen bij het ontstaan van cachexia, 

waaronder tumor factoren, anti-kanker behandelingen, voedingsstatus, maar ook leeftijd 

en zelfs stress en depressie zijn betrokken bij dit proces. dit kan leiden tot een chronische 

staat van ontsteking en tegenstrijdig genoeg, in een verlaagde reactiviteit van het immuun-

systeem. samen kunnen deze factoren leiden tot progressie van de ziekte, een verhoogde 

kans op infecties en andere complicaties, en een minder optimale behandeling. voor een 

patiënt kan dit resulteren in een verminderde kwaliteit van leven en een slechte prognose.
 daarom is het essentieel dat gebruik wordt gemaakt van een multidisciplinaire aanpak, 
waarin voedingsondersteuning een belangrijke rol speelt. dit begint op het moment van 
diagnose en loopt parallel aan de verschillende behandelingen die de patiënt ondergaat. 

bovendien zijn er richtlijnen gepubliceerd door de european society for clinical nutrition 

and metabolism (espen) die wetenschappelijk onderbouwde informatie verschaffen over 

voedingsondersteuning in relatie tot specifieke problemen zoals timing, dosering, de sa-

menstelling en de route van toediening. een eerste belangrijke stap is echter het identi-

ficeren van patiënten die er mogelijk baat bij zouden hebben. dit kan doormiddel van een 

routine screening en de beoordeling van de voedingsstatus van de patiënt door een diëtist. 

vervolgens kan voedingsondersteuning worden gegeven, afgestemd op de individuele be-

hoeften van de patiënt, de medische conditie en de huidige en te verwachten bijwerkingen 
van de behandeling, met als doel gewichtsverlies tegen te gaan en een suboptimale behan-

deling te voorkomen om uiteindelijk de klinische resultaten en kwaliteit van leven voor de 

patiënt te verbeteren.

 om die reden is een specifieke voedingscombinatie ontwikkeld, gebaseerd op eerder uit-

gevoerd onderzoek, die toegepast kan worden in kankerpatiënten. dit concept bevat hoge 

concentraties eiwit en leucine en is bovendien verrijkt met een visolie emulsie (die eicosa-

pentaenoic acid (epa) en docosahexaenoic acid (dha)) bevat) en een specifieke mix van 

prebiotische oligosacchariden. dit concept is ontwikkeld om complicaties te verminderen 
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en een optimale behandeling te ondersteunen door het remmen van de ontstekingsstaat, 

het ondersteunen van het immuunsysteem en het behouden van spiermassa en -functie. 

om inzicht te krijgen in de werking en de effectiviteit van verschillende voedingsingrediën- 

ten, is een recent aangepast en gevalideerd diermodel voor kanker cachexia gebruikt. 

dit model is gebaseerd op het dikke darm (c26) tumormodel, waarin onder andere para- 

meters voor immuunfunctie worden gemeten.

 In hoofdstuk 2 is het optreden van immuunsuppressie gedurende het verloop van het 

cachexia proces bestudeerd door het meten van contact overgevoeligheid (chs) tegen de 

stof oxazolone als een gevalideerde parameter voor th1-gemedieerde immuunfunctie.  

chs is gemeten op twee tijdspunten tijdens de studie om veranderingen in immuun status 

te bekijken tussen de pre-cachectische en de cachectische staat van de muizen. de resul-

taten laten zien dat immuunfunctie al verlaagd is voordat daadwerkelijk gewichtsverlies is 

opgetreden. om die reden is immuunsuppressie geïdentificeerd als een mogelijke vroege 

risico factor voor cachexia. dit zou pleiten voor een vroege ondersteuningsstrategie voor 

kankerpatiënten waarin specifieke voedingsondersteuning een belangrijke rol speelt. de 

overweging om voedingsondersteuning zo vroeg mogelijk aan te bieden, bij voorkeur te be-

ginnen op het moment van diagnose en vervolgens parallel te laten lopen aan de verschil-

lende behandelingen van de patiënt, zou dan ook van groot belang zijn om het immuun- 

systeem te ondersteunen en de ontsteking en andere cachexia kenmerken te remmen. 

 om de mogelijke voordelen van specifieke voedingsondersteuning voor het immuunsys-

teem te bekijken, zijn de effecten van zowel de individuele ingrediënten als van de totale 

specifieke nutritionele combinatie (snc) bestudeerd. hierbij is gekeken naar het effect 

op de ontstekingsstaat, op immuunfunctie en op verschillende biomarkers voor cachexia 

in het dikke darm (c26) tumormodel (hoofdstuk 3). er werd geen effect gevonden van de 

afzonderlijke ingrediënten van de snc op het gewicht van de dieren in vergelijking met 

een groep op een controle dieet. echter, het dieet waaraan de complete combinatie (snc) 

is toegevoegd verbeterde het gewicht van de dieren aanzienlijk, wat wijst op een minder 

cachectische staat van de dieren. dit werd benadrukt door een positief effect op andere 

cachexia parameters, zoals een significante remming van gewichtsverlies van epididymus 

vet en skeletspieren. bovendien werd geen effect van de afzonderlijke ingrediënten op chs 

waargenomen in tumor-dragende muizen in een pre-cachectische staat. na toevoeging 

van de complete combinatie (snc) was de reactie van het immuunsysteem significant 

toegenomen wat wijst op een verbetering van de th1-gemedieerde immuunfunctie voor-

dat gewichtsverlies optreedt. ook tijdens de cachectische staat heeft de toevoeging van 

de snc bijgedragen aan een verlaging van ontstekings-gemedieerde cytokines (signaal-

stoffen) in plasma en een verbetering van de immuunfunctie ex vivo, wat betekent dat de 

ontstekingsstaat verlaagd is en de reactie van het immuunsysteem is verbeterd vergeleken 

met een iso-calorisch controle dieet.

 om deze positieve immuun modulerende effecten te vertalen naar een situatie waarin 

daadwerkelijk wordt gekeken naar de weerstand tegen een infectie met een relevante 

levende ziekteverwekker, is het effect van de snc op pseudomonas aeruginosa infecties 
bekeken in een muismodel voor chemotherapie-geïnduceerde neutropenie (tekort aan 
witte bloedcellen), waarin het immuunsysteem onderdrukt is (hoofdstuk 4). dit lijkt op de 

situatie in kankerpatiënten die lijden aan complicaties veroorzaakt door een behandeling 
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met chemotherapie, welke vaak in verband worden gebracht met een verhoogde morbi- 

diteit en mortaliteit tijdens kanker. in dit model zijn infecties gemeten door middel van de 

incidentie en de ernst van de bacteriële translocatie naar de lever en de longen en door het 

meten van ontstekings-gemedieerde cytokines in plasma. 

 na de chemotherapie behandeling werden de muizen sterk neutropeen. de snc had 

echter geen effect op de waardes van de verschillende types witte bloedcellen. desal- 

niettemin was de groei in lichaamsgewicht van de muizen op het snc dieet al hoger voor de 

chemotherapie behandeling vergeleken met muizen op een controle dieet, terwijl de voed-

selinname van de muizen gelijk was tussen de groepen. na de chemotherapie behandeling 

ging het lichaamsgewicht in beide groepen omlaag, maar bleef significant hoger in de snc 

groep vergeleken met de controle groep. bovendien, verlaagde de interventie met de snc 

de incidentie en de ernst van de p. aeruginosa infectie door de translocatie naar de lever te 

verminderen. een vergelijkbaar beeld was ook in de longen te zien. daarnaast verlaagde 

de snc de fecale ph, wat een verklaring zou kunnen zijn (of op z’n minst gedeeltelijk) voor 

de lagere p. aeruginosa levels in fecale monsters gedurende de interventie fase van het 

experiment. een verlaagde ph kan het gevolg zijn van de productie van korte keten vetzuren 

(scFa) die gevormd worden door de omzetting van de prebiotische oligosacchariden. dit 

kan bijdragen aan de remming van de groei en hechting van pathogene bacteriën en de 

ontwikkeling van nuttige bacteriën stimuleren. plasmalevels van ontstekings-gemedieerde 

cytokines waren ook enigszins verlaagd en er was een sterke correlatie met bacteriële 

translocatie naar de lever. er zijn hier waarschijnlijk verschillende mechanismen bij be-

trokken geweest, zoals de modulatie van de microbiota in de darmen, een verbeterde bar-

rièrefunctie van de darmen, een verbeterde immuunfunctie en een verlaging van de ont-

stekingsstaat. als deze resultaten worden vertaald naar de menselijke situatie, zouden ze 

wellicht zeer gunstig kunnen zijn voor patiënten die lijden aan een latente darminfectie en 

die na chemotherapie, chirurgie of transplantatie, kunnen leiden tot bacteriële translocatie 

en uiteindelijk in een ernstige sepsis. 

de volgende stap naar een klinische toepassing en validatie van de resultaten in kanker-

patiënten was om zowel de effectiviteit als de veiligheid van de specifieke voedingscom-

binatie, als onderdeel van een medische voeding, te bestuderen in gezonde vrijwilligers. 

in deze proof-of-concept studie hebben twaalf gezonde mannen en vrouwen de medische 

voeding genomen voor een periode van een week, zoals beschreven in hoofdstuk 5. im-

muunfunctie werd bepaald door het meten van de ex vivo lps-gestimuleerde productie van 

cytokines in volbloed kweken. lps is een component van een bacterie celwand en met deze 

toepassing bekijk je de capaciteit van bloedcellen om te reageren tegen een infectieuze 

trigger. ook werd in deze studie gekeken naar de inbouwsnelheid van de vetzuren epa 

en dha (uit visolie) in witte bloedcellen binnen een interventieperiode van een week, om-

dat een snelle en effectieve inbouw van deze n-3 vetzuren belangrijk zou kunnen zijn voor 

kankerpatiënten die een behandeling starten kort na het moment van diagnose. al na een 

dag van de voedingsinterventie is het percentage epa in witte bloedcellen (wbc) aanzienlijk 

verhoogd, waarna het verder doorsteeg tot aan het eind van de interventie. er was geen 

verandering te zien in het percentage dha in de wbc, hoewel het percentage docosapen-

taenoic acid (dpa, n-3) significant verhoogd was en het percentage arachidonic acid (aa) 
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verlaagd was vanaf dag 2 tot aan het eind van de week. voor de inbouw in rode bloedcellen 

(rbc) en plasma werden vergelijkbare resultaten gevonden.

 daarnaast verhoogde de interventie met de medische voeding de productie van ontstek-

ings-gemedieerde cytokines in lps-gestimuleerde volbloed kweken aanzienlijk, wat wijst 

op immuunmodulerende effecten reeds binnen een week van interventie. dit zou gunstig 

kunnen zijn voor het vermogen om te reageren op acute infectieuze triggers. deze resul-

taten bevestigen bovendien de mogelijkheid om snelle immuunmodulerende effecten te 

induceren met een medische voeding in de menselijke situatie.

in hoofdstuk 6 is het effect bekeken van een 4-weekse interventie met de medische vo-

eding op immuunfunctie in een vroeg fase in een groep van 64 nieuw gediagnosticeerde 

slokdarmkanker patiënten voor de start van een anti-kankerbehandeling. in deze ex-

ploratieve, gerandomiseerde, dubbel blinde studie, werd de groep die de specifieke me-

dische voeding (actieve groep) kreeg vergeleken met een controle groep die een normale 

(routine) voedingsondersteuning kreeg. immuunfunctie werd gemeten doormiddel van de 

ex vivo cona- en lps- gestimuleerde proliferatie en cytokine productie in witte bloedcel 

kweken. cona is een stof die t-cellen kan stimuleren en aan zetten tot proliferatie. verder 

werd het effect van de medische voeding onderzocht op ontstekingsparameters en voe- 

dingsstatus, en werd de veiligheid en smakelijkheid van het product bekeken. gegevens 

over het immuunsysteem, ontsteking en voedingsstatus van gezonde vrijwilligers werden 

verkregen om de uitgangswaarden te kunnen vergelijken en een adequate interpretatie van 

de gegevens mogelijk te maken.

 bij aanvang van de studie werden geen verschillen waargenomen tussen de gezonde 

vrijwilligers en de patiënten populatie op de ex vivo stimulaties van witte bloedcellen. ook 

na de voedingsinterventie werden geen verschillen gemeten. daarentegen, na de 4-weeks 

interventie periode was de inbouw van de totale n-3 vetzuren, epa, dpa en dha in plasma 

significant verhoogd in de actieve groep vergeleken met de controle groep. de inbouw van 

de totale n-6 vetzuren, aa en de ratio n-6/n-3 vetzuren was aanzienlijk afgenomen in de 

actieve groep. bij aanvang van de studie waren verschillende ontstekingsmarkers in serum 

hoger in patiënten vergeleken met de gezonde vrijwilligers. echter, na de voedingsinter-

ventie waren serum waardes van prostaglandine e2 (pge2, een belangrijke ontstekings-

marker) significant verlaagd in de actieve groep vergeleken met de controle groep. ook het 

lichaamsgewicht was toegenomen en de ecog performance status was significant ver-

beterd na de interventie met de specifieke medische voeding. bovendien werd de specifieke 

medische voeding goed gewaardeerd met een hoge inname van de producten tijdens de 

studie. er zijn geen klinisch relevante problemen betreffende de veiligheid van het product 

opgetreden en er konden geen veranderingen waargenomen worden in veiligheidspara- 

meters in het bloed.

 het risico op het optreden van immuun suppressie is hoger na een anti-kanker behan-

deling. dit kan leiden tot een verminderde effectiviteit van de behandeling en een toename 

in het aantal en de ernst van infecties en andere complicaties. om die reden is het snelwerk-

ende effect van de specifieke medische voeding onderzocht in een groep van 38 kanker-

patiënten die onder behandeling zijn met radiotherapie zoals beschreven in hoofdstuk 7. 
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in deze gerandomiseerde, dubbel blinde studie, werd de groep die de specifieke medis-

che voeding (actieve groep) kreeg vergeleken met een controle groep die een iso-calorisch 

en iso-nitrogeen product kreeg. de inbouw van de vetzuren epa en dha werd gemeten 

bij aanvang en na een week van interventie. de veranderingen in immuunfunctie werden 

gemeten door middel van de ex vivo lps-gestimuleerde cytokine productie in volbloed 

kweken. verder werd er gekeken naar het effect van de medische voeding op ontste- 

kingsstatus, voedingsstatus, veiligheid en product inname.

 na de interventie periode van een week was de inbouw van de totale n-3 vetzuren, epa, 

dpa en dha in witte bloedcellen significant verhoogd in de medische voeding groep, ten 

opzichte van de controle groep. de inbouw van de totale n-6 vetzuren, aa en de ratio n-6/n-3 

vetzuren was aanzienlijk afgenomen in de actieve groep. voor de inbouw in rbc en plasma 

werden vergelijkbare resultaten gevonden. na een week interventie met de specifieke me-

dische voeding werden echter geen effecten gevonden op de productie van cytokines in lps-

gestimuleerd volbloed, of op de waardes van ontstekings-gemedieerde cytokines in serum, 

mogelijk verband houdend met het feit dat deze waardes erg laag waren. daarentegen war-

en de serumwaardes van pge2 significant verlaagd na een week interventie met de speci-

fieke medische voeding in kankerpatiënten onder behandeling van radiotherapie. er zijn 

geen klinisch relevante problemen waargenomen betreffende de veiligheid van het product. 

 de resultaten die beschreven zijn in dit proefschrift laten zien dat de interventie met 

een specifieke medische voeding een nieuwe mogelijkheid zou kunnen zijn voor de toepas- 

sing in kankerpatiënten als geïntegreerd onderdeel van het ziekte management en die een 

strategie met vroege voedingsondersteuning mogelijk maken. verder onderzoek is ech-

ter erg belangrijk om de mogelijke immunologische effecten van het voedingsconcept te 

onderzoeken en te valideren in verschillende kankersoorten en stadia van de ziekte. hierbij 

zal gekeken moeten worden naar klinisch relevante parameters om zo een krachtige stra- 

tegie te ontwikkelen die leidt tot voordelen voor de patiënt.
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 Joyce Faber was born in hengelo on 17 december 1979. in 1998 she graduated from the 

twickelcollege in hengelo and started the study biology and medical laboratory sciences 

at the saxion hogeschool in enschede, specializing in biochemistry/ biotechnology. during 

her first internship she studied the expression of tgF-β in lactococcus lactis under super-

vision of Jan grijpstra and dr. Jan Knol at nutricia advanced medical nutrition, danone 

research - centre for specialised nutrition* in wageningen. during her second intern-

ship, she studied the role of the enzymes coX and loX in colon cancer under supervision 

of simone dusseljee and dr. mirjam govers also at danone research. in January 2002 the 

author graduated and started working at danone research.

working on the immunological aspects of arthritis, the author studied the effect of plant 

derived modulators on inflammation and cartilage metabolism under supervision of dr. 

sander hougee and dr. Yvo graus. afterwards, from 2004-2006, the author was involved in 

several projects on allergy and immune modulation under supervision of prof. dr. Johan 

garssen. to build a bridge between the immunological science and disease targeted nutri-

tion, the author participated in the oncology project where she studied the immune modu-

latory effects of a specific nutritional combination during cancer in a pre-clinical as well as 

in a clinical setting under supervision of dr. marchel gorsselink (pre-clinical), dr. paul vos 

and dr. ardy van helvoort (pre-clinical and clinical). the research on this project generated 

the basis of the publications that appeared in this thesis. 

currently, the author continues to work as a scientist on the oncology project under super-

vision of dr. paul vos and dr. niki georgiou with the aim to develop the optimal nutritional 

support for cancer patients. in addition, she is involved in several other medical projects 
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within the immunology team under supervision of prof. dr. Johan garssen. the author lives 

together with arjan stokreef on a farm with dairy cows.

* nutricia advanced medical nutrition, danone research - centre for specialised nutrition 

was formerly called numico-research (before april 2008).
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6 daNKwoord

het dankwoord! bij de meeste promovendi het laatst geschreven deel van het proefschrift. 

echter, mijn co-promotor is het na veel moeite gelukt me over te halen dit stuk al ruim 

van tevoren te schrijven. alleen…nu merk ik dat het helemaal niet leuk is om je dankwoord 

al zo vroeg te schrijven, het geeft namelijk niet dat speciale opgeluchte gevoel van...het is 

af! maar… dat maakt het natuurlijk niet minder bijzonder de mensen te bedanken die op 

de een of andere manier hebben bijgedragen aan de totstandkoming van dit proefschrift. 

waarschijnlijk ga ik hier mensen vergeten…dus wil ik iedereen van harte bedanken voor 

jullie inzet! top! een aantal mensen wil ik in het bijzonder noemen.

Johan, een betere promotor had ik me niet kunnen wensen! al wilde je me op het lab als 

research-analist liever niet kwijt, toch heb je me altijd gestimuleerd om de resultaten bin-

nen het oncologie project te publiceren. drie jaar geleden hebben we besloten om ervoor te 

gaan…een proefschrift te schrijven en te promoveren, maar zonder jouw steun was dit niet 

gelukt, super bedankt! verder moeten hier natuurlijk al onze onvergetelijke belevenissen 

worden genoemd, het skiën in bottrop waar ik ongetwijfeld op m’n promotiefeestje nog wel 

aan herinnerd wordt (er is namelijk nog ergens een filmpje...), the panty-story en de grot-

ten van valkenburg. bedankt voor al deze leuke momenten, maar ook voor de minder leuke 

momenten als je me wakker belde op m’n vrije vrijdagen of de telefoon ging als ik onder de 

douche stond bij de voetbal. na even een uitstapje te hebben gemaakt naar medical, ben ik 

nu weer terug in je groep, thankx!

ardy, voor jou de eerste keer als co-promotor achter de tafel, een hele eer! Jij hebt het 

aangedurfd en de initiatieven genomen om immunologische parameters te gaan meten 
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in het c26 model omdat je ervan overtuigd was dat het immuunsysteem en inflammatie 

een belangrijke rol spelen bij het ontstaan van kanker cachexia. Zie hier het bewijs…en we 

kunnen er nog wat aan doen ook! bedankt voor al je steun en ook inhoudelijke input bij 

zowel de pre-klinische als klinische studies die we de afgelopen jaren hebben gedaan, en 

dat was veel! Je was altijd in voor nieuwe resultaten en ideeën. en de inbouw van epa gaat 

inderdaad zo snel als je altijd al hebt gedacht. Je hebt nu je bureau in wageningen (tijdelijk) 

verruild voor een plek in singapore, maar… ik ga je missen, al zijn het maar de kleine pes-

terijen als psv weer eens heeft verloren van Fc twente ☺.

 

paul, ook voor jou de eerste keer als co-promotor, terwijl je nog niet eens zo lang geleden 

zelf gepromoveerd bent. ik zou je willen bedanken voor al je hulp, advies en vooral vrijheid 

die je me de afgelopen jaren hebt gegeven. Je bent vanaf het begin betrokken geweest bij 

alle studies binnen het project, in het begin heel praktisch en later vooral in een adviser-

ende en begeleidende rol (en niet te vergeten al die uren dat je m’n artikelen hebt zitten 

lezen en corrigeren!). Je bent altijd bereid me te helpen en me te adviseren in moeilijke 

beslissingen, je maakt altijd even tijd…top! wat ik verder van je geleerd heb is geduld op te 

brengen en de juiste mensen te betrekken in belangrijke beslissingen, waar ik het snel als 

overdreven en bureaucratie zag…integriteit is een woord wat je tekent en daar kan je trots 

op zijn! 

marloes, de spin in het oncologie-web, jou wil ik ook super bedanken voor alles wat je voor 

me hebt gedaan, het is dat ik al twee co-promotoren had… samen hebben we een aantal 

superleuke klinische studies gedaan met gezellige tripjes naar Zurich en Freiburg, maar 

je stond ook altijd klaar met een helpende hand of advies waar nodig. Je bent altijd in voor 

een geintje of een luisterend oor en hebt altijd met plezier (of in ieder geval zonder mokken) 

al m’n publicaties doorgelezen en van commentaar voorzien (en snel!). toch ligt jouw hart 

meer bij de hard-core oncologie en heb je besloten ons te verlaten voor een superleuke 

nieuwe uitdaging. marloes, bedankt voor alles en veel succes in je nieuwe job! 

marieke, ook aan jou ben ik veel dank verschuldigd, je bent altijd open en integer en je hebt 

mij geleerd om altijd beleeft en oprecht te blijven. Je hebt veel werk verricht bij de opzet 

van de nuspec studie, maar bent nu alweer een aantal jaar vertrokken naar afrika, waar 

je samen met boudewijn en ella geniet van een leuke baan en jullie gezinnetje…het ga jullie 

goed en hopelijk tot snel!

anita, m’n kamermaatje eerste klas, bij jou kan ik altijd even mijn verhaal kwijt of mijn hart 

luchten. Je staat altijd klaar met steun en advies zonder een oordeel te vellen over mensen 

en zaken waar je de achtergrond niet van kent en je probeert altijd dingen van twee kanten 

te bekijken. ik heb veel van je geleerd de afgelopen jaren en dat besefte ik pas toen je voor 

een half jaar in noorwegen zat. lief dat je m’n paranimf wilt zijn, maar vooral bedankt voor 

alles!

Joanna, jou ken ik nog niet zo lang, maar het voelde meteen vertrouwd! ik denk dat het 

komt omdat we allebei uit twente komen (oh nee, rietmolen ligt in de acherhoek!), want jij 

weet tenminste waar ik het over heb als we over de karmse, de boake of brommers kieken 

praten. thanks voor al je positiviteit, je luisterend oor en superlief dat ook jij m’n paranimf 
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wilt zijn. veel succes met je studies, zodat je volgend jaar je boekje kan afronden en je ul- 

tieme doel, chirurg worden, na kan streven door in opleiding te komen.

ex-kamergenoten in het hoofdgebouw in wageningen, sander en bastiaan. sander, ik heb 

veel van je geleerd, zowel praktisch op het lab als inhoudelijk op het gebied van inflammatie 

en arthritis. hoe vaak hebben we niet dubbel gelegen van het lachen om onze blunders op 

het lab ☺. bastiaan, onze eigen it-specialist, het advies van een tweede beeldscherm 

was de moeite waard en onze discussies over de pyamafiguren hebben zeker bij- 

gedragen aan 2 mooie proefschriften. dank jullie wel!

nicole, je bent een hele harde werker, die niet op een uurtje kijkt. Je hebt je goed ontwik-

keld de laatste jaren tot een betrouwbare analist waar we op kunnen bouwen. ook voor de 

analyse van samples van klinische studies, stond je altijd klaar. bedankt voor je inzet!

het oncologie team heeft veel verloop gekend in de loop van de jaren, waarbij er van de 

oorspronkelijke groep niet veel meer over zijn. bij de pre-klinisch studies kon ik op een 

rijdende trein springen die getrokken werd door marchel en later door laura en Klaske.  

ik kon de immunologische parameters introduceren en experimenten doen in de studies 

waarin diane, Karin, Kees, Francina en mirjam veel praktisch werk hebben verricht, mijn 

dank is groot! de stap naar studies in vrijwilligers en kankerpatiënten was een logisch ver-

volg. de waardevolle, maar soms eindeloze discussies met paul, marieke en ardy over het 

design en de parameters van de studies zullen me nog lang bij blijven. ondanks, dat onze 

eigen ideeën niet altijd overeind zijn gebleven, denk ik dat we in een zeer korte tijd een paar 

mooie studies hebben gedaan. dit was natuurlijk niet gelukt zonder de hulp van marloes, 

wessel, roel en het clinical study platform. de samenwerking was super, allemaal heel 

erg bedankt, we zijn een topteam! 

niki en patrick, jullie hebben nu de leiding van het oncologie project overgenomen. ik wil 

jullie bedanken voor het lezen van de stukken, jullie vertouwen en feedback bij de afronding 

van m’n proefschrift. ik hoop dat we een goed team gaan vormen en leuke studies gaan 

doen in de nabije toekomst.

de collega’s van het immunologie platform (Johan, anita, anneke, nicole, paul, Jaqcueline, 

lieke, nienke, Jeroen, alma, bea, Karen, betty, prescilla, leon, gemma, laura, miranda 

en tjalling). Jullie hebben me de afgelopen jaren gesteund, en vooral ook aangemoedigd 

bij het schrijven van m’n proefschrift. bedankt voor jullie inzet tijdens de vaak hectische 

sectiedagen, en natuurlijk voor alle gezelligheid tijdens de lunch of gewoon onder het 

genot van een bakkie koffie of thee.

het schiphol team (inge, iris en rolf). Jullie zijn vanuit medical en marketing betrokken 

geweest bij de verschillende hoofdstukken van m’n proefschrift. bedankt voor jullie steun, 

advies en motivatie bij de uitvoer van de studies en het schrijven van de artikelen.

 

verder natuurlijk niet te vergeten, de secretaresses saskia, els, lidija en roxanne.  

bedankt voor alle dingen die jullie de afgelopen jaren voor me hebben geregeld,  

congressen, vluchten, hotelkamers en de zaken rond het symposium en mijn promotie. 
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de dames van communicatie mirian, mirjam en Kate, bedankt voor het lezen en kritisch 

bekijken van de artikelen, posters en presentaties.

alle mede-auteurs, die in dit proefschrift worden genoemd, heel erg bedankt voor de fijne 

samenwerking en uitwisseling van kennis, die geleidt hebben tot een mooie reeks publica- 

ties. 

uiteraard natuurlijk ook alle donoren en patiënten, bedankt voor jullie deelname en 

medewerking aan het onderzoek.

verder wil ik nutricia advanced medical nutrition, danone-research, centre for specia- 

lised nutrition, bedanken voor de mogelijkheid die ik heb gekregen om dit proefschrift te 

schrijven. 

maar ik sluit mijn dankwoord niet af voordat ik nog een aantal voor mij zeer belangrijke 

mensen bedankt heb.

allereerst m’n schoonfamilie, hanna bedankt voor alles wat je voor ons doet, niets is je 

teveel en je staat altijd voor iedereen klaar! schoonzussen, zwagers, neefjes en nichtjes, 

bedankt voor jullie interesse en steun bij het schrijven van m’n proefschrift.

martijn, m’n grote broertje, bedankt voor alle leuke dingen die we altijd samen hebben 

gedaan, de nodige klus-uurtjes en je vriendschap. 

pap en mam, dank jullie wel voor jullie rotsvaste vertrouwen in mij en voor de vrijheid om 

datgene te doen waar ik zelf voor wil gaan! 

arjan, je bent mijn allerliefste. samen op de boerderij met de koeien en imba en Quinty. 

ik had vroeger nooit gedacht dat ik dat zo leuk zou vinden. bedankt voor al je liefde, inte- 

resse en vertrouwen. ik ben enorm trots op je en zet in op een mooie toekomst! 




