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…. Since  ’70, major concern raised about the possible effect of nutrition, either as 
parenteral or enteral nutrition, on tumor growth.



- Studies in animals

- Studies in humans

- Studies on tumor proliferation

- Studies on tumor apoptosis

- Studies on TPN

- Studies on specific nutrients

Does nutrition support 

cause cancer progression ?

- 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). No differences in tumor growth between TPN with Intralipid or fish oil



• 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

• tumor immunogenicity

DIFFERENCES BETWEEN

EXPERIMENTAL AND HUMAN STUDIES



STUDIES IN HUMANS



Author Number of 
patients

Diagnosis Type/duration of 
nutritional support

Method to assess tumor 
proliferation

Effect

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

Ota et al. (1984) 25 Gastrointestinal cancer TPN/ 11 days Red blood cells (RBC) 
polyamine levels

Significant increase in 
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 
activity, Ki-67 acitivity

After TPN no change in 
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 
cancer (14C leucine time 
specific radioactivity)

No changes after TPN

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

Bozzetti et 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:

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

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) 

3H-TdR
3H-thymidine labelling index
(measurement of labelled  tumor cells 
Incorporating 3H-Tdr) 
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Author Number of 
patients

Diagnosis Type/duration of 
nutritional support

Method to assess tumor 
proliferation

Effect

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

Ota et al. (1984) 25 Gastrointestinal cancer TPN/ 11 days Red blood cells (RBC) 
polyamine levels

Significant increase in 
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 
activity, Ki-67 acitivity

After TPN no change in 
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 
cancer (14C leucine time 
specific radioactivity)

No changes after TPN

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

Bozzetti et 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

3H-TdR

BrdU

1 study: increase of hyperploid cells
2 studies:       no changes

4 studies:        no changes

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

2 studies:        no changes 



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

- a total of 134 patients studied

What happens for longer duration of TPN?

- Range of duration of TPN: 1 to 18 days

Is it enough?



…. And what about apoptosis ?



…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 

patients

Diagnosis Type/duration of 

nutritional support

Assessment of apoptosis

Mullen et al. (1980) 13 Gastrointestinal cancer TPN/ 7-10 days NO

Ota et al. (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

The effect of nutrition suppport
on tumor apoptosis is 

UNKNOWN





…and what about survival ?



4 weeks advantage





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. 



Ω3-fatty acids

Decrease of 
tumor proliferation

Induction of
tumor apoptosis

studies in vitro or in animals

WHAT HAPPENS WITH Ω3-FATTY ACIDS ENRICHED LIPID EMULSIONS 
IN HUMANS ?



CANCER CACHEXIA





TUMOR
GROWTH ?

TUMOR
GROWTH ? 

TUMOR
GROWTH ?

TUMOR
GROWTH ?

TUMOR
GROWTH ?



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


