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Do we feed the patient or the tumour?

- which substrates does the tumor utilize and
consequently is there a regimen which potentially
privileges  the host vs the tumor?

- does a nutritional intervention (normocaloric vs
restricted diet) disproportionally affect the tumor 
growth?



just a premise
• The effects of feeding on the cancer cells may be measured in different

ways: change of some proliferation markers or of the tumor mass or of the
clinical outcome which are sometimes conflicting

• studies on tumor growth in cell cultures or animals are not always
transferable to humans:

- many experimental tumors grow about 0.6 mm/day and after 1 month tumor mass
can account for 10-20% of the weight of the host

- on the contrary most of the cancer patients die with cachexia when tumor burden
is only 0.1% of the body weight

- in many experiments, in contrast with clinical settings, nutritional modulation may last
for ≈2/3 of the life span of the animal



TOPICS  

• Few historical and biological musings
• Nutrients consumption by human tumors in vivo
• Effects of the nutritional status, of calorie restriction or nutrients

administration (compared with baseline postabsorbitive status or no-PN
controls) on tumor growth in cancer patients

• Biological and clinical effects of Ketogenic diets
• Effects of dietary restriction during the oncologic therapy
• Conclusions



TOPICS  
• Few historical and biological musings
• Nutrients consumption by human tumors in vivo
• Effects of the nutritional status and of calorie restriction or nutrients

administration (compared with postabsorbitive status or no-PN controls)
on tumor growth in cancer patients

• Biological and clinical effects of Ketogenic diets
• Effects of dietary restriction during the oncologic therapy
• Conclusions



Calorie restriction to control the tumour growth 

In 1914, P Rous first suggested that
restricted food intake decreased
tumour growth.
10 years later O Warburg observing
that normal cells produce energy in
the mitochondria and cancer cells
produce energy in the cytosol,
hypothesized that mitochondria
were significantly impaired in cancer
cells. He discovered the anaerobic
glycolysis of cancer cells that is
shifting energy derivation away
from mitochondrial oxidative
phosphorylation (J Gen Physiol
1927;8:519-30)





CHARACTERISTICS AND METABOLIC ADVANTAGES OF CANCER CELL  
AEROBIC GLYCOLYSIS

• Decrease of nutrient and oxygen availability in the center of the tumor
• Faster (but poorer) ATP production
• Reduced generation of ROS and preservation of cancer cell genoma
• Production of 5-phosphoribose-1-pyrophosphate, an intermediate product of the 

pentose phosphate pathway,  which is used in the  biosynthesis of purine and 
pyrimidine nucleotides

• Lactic acid build-up reduces cellular and extracellular pH  and promotes genetic 
changes which impairs antitumor immune response, reduce adherence cell 
junction, facilitating detachment and metastases

• pyruvate kinase type M2 and hexokinase2, key enzymes in the glycolytic pathway 
of cancer cells, contribute to the invasive potential and metastatic ability
(ME Cameron  2018)
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Norton et al. In vivo utilization of substrate by human sarcoma-bearing limbs.
Cancer 1980;45(12):2934-9.



Norton’s findings do not support the concept of   
substrates competition between tumor and  host  and 

consequently the importance of a CHO restriction 

A 70-kg patient usually ingests 250-300 g CHO/d
and has an endogenous glucose production of ≈
200 g/d (from hepatic glycogen, lactate,
glycerol, glycogenic AA).
His 500-g sarcoma would consumes ≈9.8 g
CHO/d (Norton&Brennan 1980) that is 2% of
total daily glucose disposal.



Holm et al. Substrate balances across colonic carcinomas in humans.
Cancer Res. 1995;15;55(6):1373-8.

A net release of glutamine occurred
in 7 pts and net retention in 10

Glucose net uptake by the tumor
exceeds peripheral glucose uptake by
a factor of 30 and lactate output from
the tumor was 43 times greater than
peripheral release



van der Hulst et al. Glutamine extraction by the gut is reduced in depleted patients
with gastrointestinal cancer.

Ann Surg. 1997; 225(1):112-21

Venous minus arterial balances for 
lactate and glucose across colon

Venous minus arterial differences and fractional
extraction rate for  glutamine across gut and  tumor.

Colon-containing tumor did not extract
more glutamine than did nontumor-containing colon.



AA utilization by the human cancer

• High tumoral uptake of EAA and BCAA 
compared to a low peripheral release 
(Norton 1980, Hagmuller 1995)

• Glutamine retention is highly variable
(Holm 1993, Van der Hulst 1997)



GLUCOSE UPTAKE and GLUCOSE TRANSPORTER

from Goodwin 2017



Nguyen XC et al. FDG uptake, glucose transporter type 1, and Ki-67 expressions in non-
small-cell lung cancer: correlations and prognostic values.

Eur J Radiol. 2007; 62(2):214-9. 



Vesselle et al. Relationship between NSCLC FDG uptake at PET, tumor histology, 
and Ki-67 proliferation index. J Thorac Oncol. 2008; 3(9):971-8



Several signaling pathways lead to the expression of GLUT-1 in the cancer cell

from Cameron ME  2018





In the full medium or in the medium devoid of
glutamine/BCAAs, all types of cells could grow; in the
absence of glucose only the brain metastatic cells
grew and the MDA-MB231 cells (epithelial, human
breast cancer cell line) do not (Chen et al. 2015)

Locasale&Cantley 
Altered metabolism Cancer BMC Biol. 

2010;25;8:88



Cancer cell does not utilize only glucose



DOMINANT BIOENERGETIC PATHWAY

GLUCOSE  
• Colon cancer
• Liver M+ from CR cancer
• NSCL
• Soft tissue sarcoma
• Glioma
• HCC
• BRAF-negative melanoma

FAT
• Prostate adenocarcinoma
• Diffuse large  B-cell lymphoma

****Oncogenic KRAS may drive 
glycolytic activity in cancer cells

If glucose or glutamine are limited, still tumor cells can
utilize a wide variety of substrates to support the
energetic needs including asparagine, leucine,
arginine, methionine, valine, cysteine, lactate and
acetate and through catabolizing both intracellular and
extracellular macromolecules
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Akt (protein-kinase B), PI3K (Phosphoinositide 3-Kinase)Ras (rat sarcoma) promote
proliferative signals

Nrf (Nuclear factor-kB-repressing factor, Sirtuin1 promote mitochondrial function
FOXO (Forkhead box protein O) promotes cell cycle arrest and apoptosis



Pili R, Fontana L. Low-protein diet in cancer: ready for prime time?
Nat Rev Endocrinol. 2018 Jul;14(7):384-386.



On  a sample of  136 NHL there was a statistically significant association
between poor nutritional status and high labelling indexes





Calorie restriction and tumour growth
in humans

Author # pts Primary Regimen 
(weeks)

Comments

Zuccoli 2010 1 CNS 9.3 Kcal/kg/d, (8) Radiochemotherapy: 
complete response

Fine 2012 10 mixed 17 Kcal/kg/d, KD 
(4)

Level of ketosis (not 
weight loss) 
correlated with PET 
response

Champ 2014 6 CNS <21 Kcal/kg/d, 
CHO 36 g, KD,
(28)

CR safe and well 
tolerated during 
RT&CT



Indicators of tumor cells proliferation
included the following:

• ornithine decarboxylase activity
• flow-cytometric DNA distribution
• labeling index with tritiated thymidine
• or bromodeoxyuridine incorporation
• DNA index
• DNA content and the % of cells in S phase



Bozzetti F, Mori V. Nutritional support and tumour growth in humans: a narrative 
review of the literature.

Clin Nutr. 2009; 28(3):226-30.



Bozzetti F, Mori V. Nutritional support and tumour growth in humans: a narrative 
review of the literature.

Clin Nutr. 2009;28(3):226-30.



Bozzetti F, Mori V. Nutritional support and tumour growth in humans: a narrative review of the 
literature.

Clin Nutr. 2009;28(3):226-30.



…..in conclusion,  on a total of 12 studies (150 patients on PN or EN and 90 
controls)  nutrition support seemed to stimulate tumor cells proliferation in 

8 of them…



Henning SM et al. Phase II prospective randomized trial of weight loss prior to radical prostatectomy. 
Prostate Cancer Prostatic Dis. 2017. 10.1038/s41391-017-0001-1.
Demark-Wahnefried W et al. Presurgical weight loss affects tumour traits and circulating biomarkers in men 

with prostate cancer. Br J Cancer. 2017;117:1303–13.



INCREASE  OF ILGF-1 DUE TO ANAMORELIN  ADMINISTRATION DOES NOT IMPACT ON SURVIVAL

from Takayama et al.  2016 from Katakami et al. 2017
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DIETARY MANIPULATIONS INDUCING THE KETOGENIC STATE

• Total starvation (KB levels 3-7 mM)

• Semistarvation KG diets (<800 kcal/d) with 
only protein and <50 g CHO (KB levels 0.5-
1 mM) 

• Mildly hypocaloric-eucaloric KG diets
without caloric restriction (70%-80% fat
calories, few proteins and < 50 g CHO)  



RATIONALE FOR THE KETOGENIC DIET
• Many tumors are dependent on glucose for energy support because of 

a. activation of growth factor receptor/PI3 kinase/Akt signaling and
b. loss of p53 wild-type activity and reduced expression of synthesis of cytochrome

oxidase 2 necessary for the function of the mitochondrial respiratory chain  and
c. loss of tp53-induced glycolysis and apoptosis regular (TIGAR), which suppresses

glycolysis 
d. tumor hypoxia might stimulate accumulation of HIF-1α and subsequent expression

in the suppression of oxidative phosphorylation
• Many cancer cells lack of  ketolytic enzymes
• β-hydroxybutyrate,  is an endogenous histone deacetylase inhibitor, which

induces  cell cycle arrest, differentiation and/or apoptosis
• KB may improve mitochondrial function
• KB are efficient in several rodent tumor models 



FIG. 2 Concentrations of glucose, lactate and pyruvate over time (Day 2–5 ketogenic diet) in patient No. 4 with the μD-catheter in the N3 lymph-node 
metastasis. y-axis: Concentrations of glucose, lactate and pyruvate; x-axis: time in days.

Schroeder et al. Decline of lactate in tumor tissue after ketogenic diet: in 
vivo microdialysis study in patients with head and neck cancer.

Nutr Cancer. 2013;65(6):843-9



Klement R. Restricting carbohydrates to fight head and neck cancer-is this 
realistic?     Cancer Biol Med. 2014;11(3):145-61.



Jansen N, Walach H. The development of tumours under a ketogenic diet in 
association with the novel tumour marker TKTL1: A case series in general 

practice.  Oncol Lett. 2016; 11(1):584-592.

TKTLI  ENHANCES THE PRODUCTION OF  GLUCOSE-
6-P AND GLYCERALDHEIDE-3-P





Bozzetti F, Gavazzi C, Mariani L, Crippa F. 
Glucose-based total parenteral nutrition does not stimulate glucose uptake by humans

tumours. Clin Nutr. 2004;23:417-21

CR LIVER  M+                LIVER                   METASTASIS      METASTASIS/LIVER
ratio

ratio                          

12 patients 435.1    1433.2    3.2

STANDARDIZED UPTAKE VALUE of FDG in FASTING CONDITION



Bozzetti F, Gavazzi C, Mariani L, Crippa F. 
Glucose-based total parenteral nutrition does not stimulate glucose uptake by humans

tumours. Clin Nutr. 2004;23:417-21

PATIENTS                    NORMAL  LIVER                          METASTASIS
Fasting After  load Fasting after load

GLUCOSE PN
4 mg/kg/min
(6 patients)

245.1 391.6   (+ 60%) 745.9 788.6  (+ 5%)

LIPID  PN
2 mg/kg/min
(6 patients)

193. 9 210.4  (+ 8%) 687.3 649.6 (- 6%)

STANDARDIZED UPTAKE VALUE (SUV) of FDG



Overview of normo-caloric ketogenic dietary regimes applied 
to oncology patients: case reports

AUTHOR # PTS PRIMARY KD REGIMEN DURATION OUTCOME

Nebeling 1995 2 astrocytoma 60% MCT oil 10%  LCT-based  
KD

? After 8 weeks ↓ 21% 
FDG
Healthy after  4 years

Bozzetti 1996 1 desmoid Lipid-based TPN, 40 g CHO x os 5 mos unchanged tumor
mass

Branca 2015 1 breast Self-administered KD 3 wks

Klement 2016 6 mixed Fat 73%, CHO 40 g 1-2.5 mos No adverse effects, 
weight loss

*mod. from Erickson et al. 2017 mod
from Erickson et al 2017



KD regimes: effects on tumor outcome  patients without oncologic therapy
AUTHOR PTS PRIMARY KD REGIMEN DURATION OUTCOME

Rossi Fanelli 1991 9 vs 
27

GI FAT vs CHO PN vs oral
diet (EUCAL)

2 wks =  Labeling Index

Bozzetti 2004 12 CR  liver M+ FAT  vs CHO PN (EUCAL) During infusion ns↓ in FDG uptake

Schroeder  2013 20 Head-neck nd 4 days ↓ tumor lactate

Chu-Shore 2010 4 Tub Scler C EUCAL 3 mos-5 yrs =  tumor mass

Fine 2012 10 miscellanea EUCAL 28  days ↓/=  tumor mass in  6/10

Schmidt 2013 16 miscellanea <70 g CHO (HYPO.EUCAL) 3 mos = tumor mass in 7/11

Rieger 2014 17 glioblastoma 60 g CHO 6 weeks ↓ 0/17

Schwartz (2015) 2 glioblastoma EUCAL 3-12 mos ↓ tumor mass in 0/2

Jansen 2016 7 miscellanea HYPO/EUCAL 5 mos? ↓ tumor mass in 3/11

Tan-Shalaby 2016 14 miscellanea 20-40 g CHO (EUCAL) 4 mos ↓tumor mass in 7/7



THE FUTURE BEYOND THE KETOGENIC DIET  IN HIGHLY GLYCOLYTIC CANCERS  
(SUV > 5) *

• REDUCING PHARMACOLOGICALLY BLOOD GLUCOSE: In vitro tests showed that 
blood glucose reduction to 36 mg/L for 180 min through insulin adminstration can 
reduce tumor cells growth (Mathews 2013)

• POTENTIATING KETOSIS: addition of exogenous ketone supplements (MCT, ketone 
salts and/or esters) to KG diet

• ADDING METFORMIN (500 mg/d): it decreases basal glucose by suppressing hepatic 
gluconeogenesis and glycogenolysis, as well as by increasing glucose uptake in 
muscle tissue    

• ADDING ATENOLOL (50 mg/d) to suppress glucose counter-regulation
• ADJUSTING DOSES to   maintain a GKI value of less than 2.0 (preferably 1.0)
* from Mathews 2018
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Shingler et al. Dietary restriction during the treatment of cancer: 
results of a systematic scoping review.

BMC Cancer. 2019;15;19(1):811

• Ketogenic Diet:10 studies
• Fasting: 4 studies
• Protein restriction: 5 studies
• Combined interventions: 4 studies

Conclusions
Future research with adequately powered studies is required to test the 
effects of each DR intervention on treatment toxicities and outcomes. Further 
research into improving adherence to DR may improve the feasibility of 
larger trials.



CONCLUSION (I) 

• Nutrients consumption by human tumors in vivo:
- most human tumors utilize glucose

• Effects of the nutritional status and of calorie restriction or nutrients
administration on tumor growth

- good nutritional status is not associated with higher tumor proliferation, on the
contrary losing weight may be associated with faster proliferation

- some studies on pts on PN showed increased «proliferative» markers but long-term
studies showed that increasing food intake and consequent ↑IGF-1 is not
associated with poor outcome



CONCLUSION (II)

● Biologic and clinical effects of ketogenic diets
- in glycolytic tumors, short-term studies would indicate a metabolic
interference of the KD on glucose utilization, long-term studies would
suggest a check on tumor growth in about 50% of patients.

- High SUV, high level of TKTL1, BRAF and Kras status could address the use of
KG diet

● Effect of dietary restriction during the oncologic therapy
- data are quite preliminary and would suggest some benefit on early
compliance with chemotherapy



…knowledge is the enemy of disease…

Federico Bozzetti gave indipendent lectures at scientific and educational
events also sponsored by nutritional industries. There is no conflict of
interest
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