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.... Since 70, major concern raised about the possible effect of nutrition, either as
parenteral or enteral nutrition, on tumor growth.
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The importance of nutrition in cancer
patients, particularly that nutrition which
can be delivered in a carefully controlled
manner by enteral or parenteral routes, is
receiving considerable attention as an
adjunct to therapy (1-7). How does com-
tnuous nutritional intake given by the -
parenteral (iv} or by the intragastric (ig)
route affect tumor-host intergr:l:mns?: 0



Does nutrition support
cause cancer progression ?

> - Studies in animals
- Studies in humans

Studies on tumor proliferation
- Studies on tumor apoptosis

4

> - Studies on TPN
- Studies on specific nutrients

> - Studies in Cancer cachexia



STUDIES IN ANIMALS

Cameron et al. (1977). No differences in survival in tumor rats with 1) solid food ad libitum 2)TPN 3)liquid diet ad libitum
Daly et al. (1978). No differences in tumor growth in tumor rats with 1) oral diet ad libitum 2) oral free-protein 3) TPN

Goodgame et al. (1979). No differences in tumor growth in tumor rats with 1) 1) oral diet 2) TPN 3) dextrose i.v.
4) Amino acids solution

Popp et al. (1981). TPN stimulate tumor growth in sarcoma bearing rats

Stein et al. (1982). Increase in intratumor essential amino acids content after TPN

Popp et al. (1983). Tumor growth increases with increasing rate of substrate infusion by TPN

Popp et al. (1984). TPN did result in an increase in tumor growth

Hak et al. (1984). TPN had no adverse effect on tumor growth as well as the source of intravenous calories (fat or glucose)
Mendez et al. (1992). Tumor growth was slowed in structured lipid-fed animals

Chance et al. (1996).



DIFFERENCES BETWEEN
EXPERIMENTAL AND HUMAN STUDIES

« the ratio tumor/host exceeds 20% in animals while in human is <= 1-2%

* tumor doubling time ranges from 2 to 7 days in animals while in human
it is one ore more months

¢ the difference in the duration of the tumor life and its relative time under TPN

e tumor immunogenicity



STUDIES IN HUMANS



Author Number of Diagnosis Type/duration of Method to assess tumor Effect

patients nutritional support proliferation

Mullen et al. (1980) 13 Gastrointestinal cancer TPN/7-10 days Protein synthesis No changes in tumor growth

Otaetal. (1984) 25 Gastrointestinal cancer TPN/ 11 days Red blood cells (RBC) Significantincrease in

polyamine levels cancer patients in RBC
putrescine, spermidine and
spermine levels

Baron et al. (1986) 14 Head and neck cancer TPN/9 days Flow cytometry Increase of percentage of
hyperploid with TPN

Franchi et al. (1991) 18 Gastrointestinal cancer 3H-Tdr Labeling Index After TPN, no increase of
proliferating cells

Westin et al. (1991) 9 Head and neck cancer TPN/5-7 days Flow cytometry, ODC After TPN no change in

activity, Ki-67 acitivity ODC activity, Ki-67 activity,
no increae of hyperploid
cells at flow cytometry

Dionigi et al. (1991) 33 Gastric cancer TPN/ 18 days 3H-Tdr Labeling Index After TPN, no increase of
proliferating cells

Shaw et al. (1991) 10 Mixed tumors TPN /24 hours Fractional synthetic rate of No changes after TPN

cancer (14C leucine time
specific radioactivity)

Frank et al. (1992) 10 Head and neck cancer TPN/7 days BudR and flow cytometry Increase in the percentage
of cells incorporating BudR
before and after PN

Bozzettiet al. (1994) 10 Gastric cancer TPN/10 days 3H-Tdr Labeling Index After TPN, no changes in
tumor growth

Bozzetti et al. (1999) 20 Gastric cancer TPN /10 days 3H-Tdr Labeling Index After TPN, increase of
proliferating cells in 5 cases
and no changes in the other
5

Pacelli et al. (2007) 20 Gastric cancer TPN vs control/ 12 days BudR and flow cytometry No changes in the

percentage of cells
incorporating BudR before
and after PN




Tumor proliferation has been assessd by:

3H-TdR
3H-thymidine labelling index

(measurement of labelled tumor cells
Incorporating 3H-Tdr)

Flow cytometry
(quantitative measure
of DNA content and
proliefrative activity —
S-phase fraction - )

v
BrdU

bromodeoxyuridine labelling index
(simultaneous measurement of total cellular DNA content
and the proportion of cells actively synthesizing DNA as
evidenced by their ability to incorporate BrdU)
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iIncorporaring BudR in vitro
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Author Number of Diagnosis Type/duration of Method to assess tumor Effect

patients nutritional support proliferation

Mullen et al. (1980) 13 Gastrointestinal cancer TPN/7-10 days Protein synthesis No changes in tumor growth

Otaetal. (1984) 25 Gastrointestinal cancer TPN/ 11 days Red blood cells (RBC) Significantincrease in

polyamine levels cancer patients in RBC
putrescine, spermidine and
spermine levels

Baron et al. (1986) 14 Head and neck cancer TPN/9 days Flow cytometry Increase of percentage of
hyperploid with TPN

Franchi et al. (1991) 18 Gastrointestinal cancer TPN/8-10 days 3H-Tdr Labeling Index After TPN, no increase of
proliferating cells

Westin et al. (1991) 9 Head and neck cancer TPN/5-7 days Flow cytometry, ODC After TPN no change in

activity, Ki-67 acitivity ODC activity, Ki-67 activity,
no increae of hyperploid
cells at flow cytometry

Dionigi et al. (1991) 33 Gastric cancer TPN /18 days 3H-Tdr Labeling Index After TPN, no increase of
proliferating cells

Shaw et al. (1991) 10 Mixed tumors TPN /24 hours Fractional synthetic rate of No changes after TPN

cancer (14C leucine time
specific radioactivity)

Frank et al. (1992) 10 Head and neck cancer TPN/7 days BudR and flow cytometry Increase in the percentage
of cells incorporating BudR
before and after PN

Bozzettiet al. (1994) 10 Gastric cancer TPN/10 days 3H-Tdr Labeling Index After TPN, no changes in
tumor growth

Bozzetti et al. (1999) 20 Gastric cancer TPN /10 days 3H-Tdr Labeling Index After TPN, increase of
proliferating cells in 5 cases
and no changes in the other
5

Pacelli et al. (2007) 20 Gastric cancer TPN vs control/ 12 days BudR and flow cytometry No changes in the

percentage of cells
incorporating BudR before
and after PN




Flow cytometry 1 study: Increase of hyperploid cells

2 studies: no changes
3H-TdR 4 studies: no changes
BrdU 2 studies: no changes

3H-TdR= 3H-thymidine labelling index BrdU= bromodeoxyuridine labelling index



..... and looking at human studies with adequate methods:

- a total of 134 patients studied

@ Is it enough?

- Range of duration of TPN: 1 to 18 days

@ What happens for longer duration of TPN?



.... And what about apoptosis ?

Final stage of apoptosis

White blood cell

L5, Mational Library of Medicine
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...this is a well-executed study of the effects of parenteral nutrition on cell
proliferation and cell cycle kinetics in biopsy specimens of gastric cancer and
normal mucosa obtained from patients before and after parenteral nutrition.

The conclusions drawn by the authors are reasonable based on the data they
obtained but are too expansive in claiming to show no growth stimulation.

Tumors grow either by increased tumor proliferation or inhibition of apoptosis.

The methods are available to examine both cell proliferation and apoptosis but
these authors only studied proliferation and cell cycle kinetics.



Author Number of Diagnosis Type/duration of Assessment of apoptosis
patients nutritional support
Mullen et al. (1980) 13 Gastrointestinal cancer TPN/ 7-10 days NO
Otaetal. (1984) 25 Gastrointestinal cancer TPN/ 11 days NO
Baron et al. (1986) 14 Head and neck cancer TPN /9 days NO
Franchi et al. (1991) 18 Gastrointestinal cancer TPN/ 8-10 days NO
Westin et al. (1991) 9 Head and neck cancer TPN/5-7 days NO
Dionigi et al. (1991) 33 Gastric cancer TPN /18 days NO
Heys et al. (1991) 9 Rectal cancer NO
Shaw et al. (1991) 10 Mixed tumors TPN /24 hours NO
Frank et al. (1992) 10 Head and neck cancer TPN /7 days NO
Bozzetti et al. (1994) 10 Gastric cancer TPN /10 days NO
Bozzetti et al. (1999) 20 Gastric cancer TPN /10 days NO
Pacelli et al. (2007) 20 Gastric cancer TPN /12 days NO

Final stage of apoptosis

Apoptotic call

White blood cell

The effect of nutrition suppport
on tumor apoptosis is
UNKNOWN




MINIREVIEW

EBM

rimental Biology & Medicine Targeting Apoptosis with Dietary
Bioactive Agents

Kerrn R, Magmin'
Nutrition and Cancer Laboratory, Department of Nutritional Sciences, The Pennsylvania State

University, University Park, Pennsylvania 16802

Table 1. Modulation of Apoptosis by Dietary Bioactive Agents

Organosuliur compounds

Diallyl sulfide (DAS) Allium vegetables, garic compounds Upregulate Bax; downregulate Bcl-2
Upregulate p53 and Bax; activate caspase 3;
Diallyl disulfide (DADS) Allium vegetables, garlic compounds downregulate Bcl-2
Ajoene Allium vegetables, garlic compounds Activate caspase 3; downregulate Bcl-2;
JNK, p38, ERK activation
Allicin Allium vegetables, garic compounds Activate caspases 3, 8, 9; cleave PARP

S-allyl cysteine (SAC) Allium vegetables, garlic compounds Downregulate Bcl-2
S-allylmercaptocysteine (SAMC) Allium vegetables, garic compounds Increase caspase 3 activity; JNK activation
Polyphenols

Epigallocatechin gallate (EGCG) Green tea, chocolate Activate Fas; inhibit NF-xB; caspase activation;
alter membrane function

Catechin Teas Inhibit p38, PI3K, and AP-1 activation

Genistein Soybeans Inhibit NF-kB; activate caspases; induce Bax

Resveratrol Red grapes, peanuts, berries Caspase activation; inhibit NF-xB; induce FasL

Curcumin Turmeric, curry, mustard Inhibit NF-xB and AP-1; caspase activation;
disrupt MTP; induce Bax

Ellagic acid Strawberries, walnuts, pecans Increase caspase 3 activation; upregulate p53;
activate MAPK, JNK, p38

Capsaicin Chili peppers Disrupt MTP; cyto c release; inhibit Bcl-2;

induce Bax; caspase activation
Isothiocyanate

Sulforaphane Cruciferous vegetables, broccoli Activate ERK; inhibit NF-xB; activate caspase 3;
downregulate Bel-2

Phenethyl isothiocyanate (PEITC) Radish, cabbage Inhibit NF-xB; activate caspase 3; cleave BID;
inhibit PKC; activate p53

Allyl isothiocyanate (AITC) Mustard Activate caspase 8 and JNK; cleave BID;
downregulate Bcl-2 & Bcl-xL

Benzyl isothiocyanate (BEITC) Garden cress Increase Bax/Bcl-2 ratio; activate caspase 3,

JNK, p38; cyto c release
Glucosinolate

Indole-3-carbinol Cruciferous vegetables Inhibit NF-xB, PI3K, Akt, Bcl-2, and Bel-xL;
activate caspases; induce Bax;
3.3'-Diindoylmethane Cruciferous vegetables induce cyto c release; increase TRAIL receptor,

downregulate BAD
Carotenoids

Beta carotene Orange-yellow vegetables Alter membrane function

Lycopene Tomato Induce cyto c release; alter MMP;

Lutein Dark green vegetables Induce pS53; upregulate Bax; downregulate Bcl-2
Mineral

Selenium Cereal grains, meat, fish Inhibit NF-xB; induce p53; inhibit PKC;

alter redox status; modulate JNK




...and what about survival ?
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Fig. 2. Survival in days from TIO to death among fhose receiving chemotherapy,
comparing TPN and nonTPN recipients (P vahe for test of equality of survival
curves = (1.1754),

4 weeks advantage

Palliative Nutritional Intervention in Addition to
Cyclooxygenase and Erythropoietin Treatment for
Patients with Malignant Disease: Effects on Survival,
Metabolism, and Function

A Randomized Prospective Study

Kent Lundholm, no, pp.! BACKGROUND. The role of nutrition in the palliative treatment of patients with ma-

Peter Daneryd, wo.' lignancy-related cachexia is unclear. The goal of the current study was to determine
Ingvar Bosaeus, o, ho? ‘whether specialized, nutrition-focused patient care could improve integrated whole-
Ulla Kgmer! body metabolism and functional outcome in unselected weight-losing patients with
Elisabet Lindholm' ‘malignant disease who were receiving systemic antiinflammatory (cyclooxygenase

[COX]-inhibitory) treatment along with erythropoietin (EPO) support.
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FIGURE 1. Survival data for the study (nutritional support and control groups
over the course of follow-up (‘as-treated analysis; P < 0.001).
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Parenteral Nutrition
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transplant recipients
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Effect of nutriton support on cancer survival

Benefits or no changes

No studies reporting worse prognosis



SPECIFIC NUTRIENTS



Arginine

- Is a key component of immunonutrition

- Is a strong stimulator of immune function and, in particular,
of macrophage phagocytic activity, natural killer cells activity,
and lymphokine activated killer cells activity.

- has been shown to have both stimulating
and inhibiting effects on tumor growth, either in vitro and in vivo.



Qs-fatty acids

studies in vitro or in animals

PN

Decrease of Induction of
tumor proliferation tumor apoptosis

WHAT HAPPENS WITH Q3-FATTY ACIDS ENRICHED LIPID EMULSIONS
IN HUMANS ?



CANCER CACHEXIA

TABLE 1. dpprowed therapies for cancer cachexia: vesults of clinfeal trials

Autlaor {year) Mo, of patients  DIAGNOSIS Type of mtervention [Duration  Effect
Lopez et al. {lth'HjE" IRRT Cancer Megestro] acetate Various b provement in ap petite
and weight gain
Tatoi et al. {2002} 48 Camcer Dironahine] 10 weeks  Dronabino]less e ffective
than megestral in
i treatment of anomyii
Wigmome & al {m:m" . Faremeatic cancer  Eicosapentasnoic aciderriched 12 weels  Prevention of weight loss
aral suppleme nts
Fearonet al. (20039 20 Parcreatic cancer  Eicosapentasnoic acid erriched § weels Mo mutrtional advantage
aral suppleme nis with respect to aral
supplement alome
Moses et a].{ll.’h'ﬂ)‘“’ 4 Parcreatic cancer  Eicosapentasnoic aciderriched 8 weeks  Increase in plipsiscal activity
. aral supplems nls
Tatni etal. {?.ﬂ'.'i'#]'ft 400 Lumng and Eicosapentasnaic acidenriched 4 woeks Less effective than megestrol
padmintestinal  oral suppleme ms acetate in weight gain
Ao

' Systematic review.,



Currenr Cancer Drug Targers, 2008, 8, 285-195

Skeletal Muscle in Cancer Cachexia: The Tdeal Target of Drug Therapy
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TUMOR

GROWTH ?
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Summary

- There is evidence that parenteral and enteral nutrition support do not
stimulate tumor proliferation

- Such evidences derive from short term studies (2-15 days) and from a limited
number of patients studied

- There are not data on tumor apoptosis

- The data on survival seem to show a benefit of nutrition support or, at least,
no deterioration of prognosis

- The effect of specific nutrients on tumor growth needs to be further elucidated

- The effect of the future drugs/nutrition association on tumor growth in cancer
cachexia is completely unknown



Thank you for your attention




