
Diet, Physical Activity, Body 
Weight and Cancer Risk

Omer Kucuk, MD

Professor
Department of Hematology and 

Medical Oncology
Emory Winship Cancer Institute

okucuk@emory.edu



0.5-3
2-4

1
3

Medicine & medicinal 
procedures
Geophysical factors

1- ?
?

10 ?
?

Infection
Unknown

<1-5
<1-2

2
<1

Pollution
Industrial products

1-13
2-8

7
4

Reproductive & sexual behavior
Occupation

10-70
-5 -2

35
<1

Diet
Food Additives

25-40
2-4

30
3

Tobacco
Alcohol

����������		�
���
��
���������

�����
��������

��	�������	
���������	����

���	��������

�	��	���������

���
�������������	��������������������������������
������������	����� ���

���������� !�"



0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Vegetables Fruits Carotenoids Vitamin C
Mouth & pharynx           

Larynx      

Oesophagus                          

Lung              

Stomach        

Pancreas             

Liver                 

Colon, rectum   

Breast               

Ovary           

Endometrium       

Cervix            

Prostate          

Thyroid           

Kidney            

Bladder

33

3

3

33

3

33

2 2

2 2

2 2

2 2

2

2

1

1

1

1 1

1

1

1

1

1

11

1

111 1

1

11

1

3=Decreases risk convincing      2=Decreases risk p robable      1=Decreases risk possible

Cancers

World Cancer Research Fund, 1997



Mortality from Cancer According to Body Mass Index among US 
Women in the Cancer Prevention Study II, 1982-1998  (Calle et al. 2003) 

 
Types of Cancer 

 
Body Mass Index 

 
P-trend 

 18.5-24.9 25.0-29.9 30.0-34.9 35.0-39.9 � 40.0  

All cancers 1.0 1.08 
(1.05-1.11) 

1.23 
(1.18-1.29) 

1.32 
(1.20-1.44) 

1.62 
(1.40-1.87) 

<0.001 

Colorectal 1.0 1.10 
(1.01-1.19) 

1.33 
(1.17-1.51) 

1.36 
(1.06-1.74) 

1.46 
(0.94-2.24) 

<0.001 

Liver 1.0 1.02 
(0.80-1.31) 

1.40 
(0.97-2.00) 

1.68 
(0.93-3.05) 

---- 0.04 

Gallbladder 1.0 1.12 
(0.86-1.47) 

2.13 
(1.56-2.90) 

---- ---- <0.001 

Pancreatic 1.0 1.11 
(1.00-1.24) 

1.28 
(1.07-1.52) 

1.41 
(1.01-1.99) 

2.76 
(1.74-4.36) 

<0.001 

Lung 1.0 0.88 
(0.83-0.94) 

0.82 
(0.72-0.92) 

0.66 
(0.50-0.86) 

0.81 
(0.52-1.28) 

<0.001 

Breast 1.0 1.34 
(1.23-1.46) 

1.63 
(1.44-1.85) 

1.70 
(1.33-2.17) 

2.12 
(1.41-3.19) 

<0.001 

Corpus & 
uterine 

1.0 1.50 
(1.26-1.78) 

2.53 
(2.02-3.18) 

2.77 
(1.83-4.18) 

6.25 
(3.75-10.42) 

<0.001 

Cervical 1.0 1.38 
(0.97-1.96) 

1.23 
(0.71-2.12) 

3.20 
(1.77-5.78) 

---- 0.001 

 



Cancer and Physical Activity

Possible30-40%8 of 11Lung

Possible30-40%9 of 13Uterus

Probable10-30%17 of 30Prostate

Convincing30-40%32 of 44Breast

Convincing40-50%43 of 51Colon

Level of 
evidence

Risk Reduction# of studiesSite

C Friedenreich & M Orenstein, J Nutr, 132:3456S, 2002

Insufficient data for testis, ovary, kidney, pancreas, thyroid, melanoma





Multivariate RRs of Overall Mortality According to Joint 
Categories of BMI & Physical Activity

(Nurses’ Health Study 1980-2000)

2.422.051.91RR

BMI 30+

1.641.331.28RR

BMI 25-30

1.551.181.00RR

BMI <25

<11-3.5� 3.5

Physical Activity 
(Hour/Week)

(Hu FB, et al. 2004)



Diet and Fatal Prostate Cancer                                  
in SDA Men, 1960-1980

(n = 99 cases)
(Snowdon et al, 1984)  

Milk   

<1 glass/day 1.0                                    

1-2 glasses/day 1.8 (1.0- 3.0)                  

3+ glasses/day 2.4 (1.3- 4.3)                                          

p trend = 0.005



Calcium Intake & Risk of Prostate Cancer, 1986-2002
(Giovannucci et al. 2006)
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Frequency of Soy Milk Drinking and Prostate Cancer 
Incidence, The Adventist Health Study, 1976-1992

(Jacobson et al. 1998)

Soy Milk Consumption
No. of Relative Riskb

Men Cases                                   

Never  10,875 190  1.0  ---
<daily 902          21                 0.9 (0.5-1.4)               
1/day        395          11 0.7 (0.4-1.4)           
>1 time/day 223            3                 0.3  (0.1-0.9)           
P-value for linear trend                                      0.02
b Adjusted for age, body mass index and frequency of consumption of 
coffee, whole fat milk, eggs and citrus fruits and age at first marriage.



Carotenoid intake and risk of prostate cancer in 
HPFS, 1986-92 (Giovannucci et al, 1995)

0.341.100.961.011.011.0Lutein

0.040.790.890.940.901.0Lycopene

0.760.940.991.140.971.0Crypto-
xanthin

0.701.050.990.961.241.0� -carotene

0.771.091.071.091.051.0� -carotene

54321

P-TrendQuintile (RR)Carotenoid
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Total
Oral, Larynx

Esophagus
Stomach

Colon
Rectum

Pancreas
Lung

Prostate
Bladder

Breast
Cervix
Ovary

Mesothelioma

Statistically Significant Not Statistically Significant

RR: 0.5 1 1.5

Lycopene reduces the risk of various types of cancerLycopene reduces the risk of various types of cancer

Giovanucci, JNCI 
91, 317-331 1999
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Effect of tomato product intake on 
prostate cancer  risk 

Effect of tomato product intake on 
prostate cancer  risk 
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Adapted from Giovanucci et al.  JNCI 87, 1767 (1995)Adapted from Giovanucci et al.  JNCI 87, 1767 (1995)



Carotenoid intake and prostate cancerCarotenoid intake and prostate cancer
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Steps in carotenoid biosynthesisSteps in carotenoid biosynthesis

Neurosporene

Phytofluene

Lycopene

z-carotene

Phytoene

b-carotene
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Astaxanthin and lycopene inhibit cancer cell proliferationAstaxanthin and lycopene inhibit cancer cell proliferation
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Effect of tomato extract supplementation on IGF-I and 
lycopene levels in colon cancer patients (Sharoni, Levy)
Effect of tomato extract supplementation on IGF-I and 

lycopene levels in colon cancer patients (Sharoni, Levy)

BaselineBaseline After supplementationAfter supplementation

P< 0.05P< 0.05
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Androgen- and IGF-I-stimulated growth in LNCaP is 
inhibited by astaxanthin and lycopene (Sharoni)

Androgen- and IGF-I-stimulated growth in LNCaP is 
inhibited by astaxanthin and lycopene (Sharoni)
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Lycopene and astaxanthin reduce PSA level in 
prostate cancer cells (Sharoni, Levy)

Lycopene and astaxanthin reduce PSA level in 
prostate cancer cells (Sharoni, Levy)

6 h 12 h 24 h 36 h0 h

1 22 33 22 33 1 22 33 1 22 331
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The synergistic effect at low concentration of 
carotenoids in LNCaP prostate cancer cells
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Tomato carotenoids activate expression from  
nuclear receptor RE (Sharoni, Levy)
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Pilot study of lycopene in patients 
with prostate cancer

MEN SCHEDULED FOR RADICAL PROSTATECTOMY
|

BIOPSY AND BLOOD SAMPLES
|

R       A       N       D       O       M       I       Z       E
|                                                               |

LYCOPENE* 30 MG/DAY                             NO LYCOPENE
|                                                               |                                           

PROSTATECTOMY AND BLOOD SAMPLES AFTER 3 
WEEKS OF INTERVENTION

*Lyc-O-Mato



Carotenoid content of 
Lyc-O-Mato® capsule

All-E(trans)-Lycopene 13.50 mg

5-Z(cis)-Lycopene 1.05 mg
5Z,5'Z-Lycopene 0.45 mg

b-Carotene 0.16 mg
g-Carotene 0.09 mg

z-Carotene 0.24 mg
Phytofluene 1.03 mg

Phytoene 1.16 mg



Typical carotenoid profile of a prostate 
specimen after 3 weeks on 30 mg/d Lycomato



Pathologic Tumor Stage

LYCOPENE CONTROL

GROUP GROUP

(N=15) (N=11)      p
---------------------------------------------------------------
Confined to Prostate 11 2
Not Confined to Prostate*     4 9 0.02
-----------------------------------------------------------------------------
*Resection margins are positive or extra-prostatic invasion is 

present.



Prostatic Tumor Volume

LYCOPENE CONTROL

GROUP GROUP

(N=15) (N=11) p
---------------------------------------------------------------
Volume 4cc< 12 5
Volume >4cc 3 6 0.22



Plasma PSA Level 
(mean ng/dl)

LYCOPENE CONTROL
GROUP GROUP
(N=15) (N=11) p

-----------------------------------------------------------------------------

Pre-Intervention 6.89 6.74
Post-Intervention 5.64 7.65

-18% +14% 0.22
---------------------------------------------------------------------------



Extent of Prostatic
Intraepithelial Neoplasia (PIN)

LYCOPENE CONTROL
GROUP GROUP
(N=15) (N=11) p

-----------------------------------------------------------------------------------

Focal 5 0
Multifocal/diffuse 10 11 0.05

-----------------------------------------------------------------------------------



Expression of Biomarkers 
In Prostatic Tumor

Lycopene Control

(n=4) (n=4) p

------------------------------------------------------------------------------------
Connexin-43  0.6281 0.2514 0.13

bcl-2 0.5430 0.5056 0.59

bax 1.0531 0.6848 0.33

bax/bcl-2 1.9279 1.4896 0.54

-------------------------------------------------------------------------------------



Expression of Biomarkers 
in Benign Prostatic Tissue

Lycopene Control
(n=8) (n=6) P

-------------------------------------------------------------------------------
Lycopene (ng/gm) 0.5284 0.3587 0.02

(n=5) (n=3)

Connexin 43 0.6436 0.5101 0.44

bcl-2 0.6324 0.5765 0.31

bax 0.6218 0.7892 0.28

------------------------------------------------------------------------------------



Conclusions

• Lycopene (Lycomato ®)  supplementation 
for three weeks is well tolerated by patients 
with prostate cancer without any side 
effects.

• After three weeks of lycopene
supplementation prostate tissue levels of 
lycopene increase associated with 
upregulation of gap junctional protein Cx43.



Conclusions

• Clinical markers, including HGPIN and 
serum PSA level improve in patients 
receiving lycopene supplementation

• Although these results are preliminary other 
investigators have obtained similar results 
(Bowen et al, JNCI) suggesting activity of 
lycopene in patients with prostate cancer.
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Soy isoflavones and cancer

• Epidemiologic studies show an inverse 
association between dietary soy intake and 
cancer risk (breast, prostate, lung, colon, 
head and neck and others)

• Genistein and daidzein are the most 
abundant isoflavones in soy

• Genistein has activity against a variety of 
cancer cells in culture, animal model and 
clinical studies



Genistein and Prostate 
Cancer

• Inhibits growth and induces apoptosis in Pca cells
• Growth inhibition mediated by G2/M cell cycle arrest 

and up-regulation of p21WAF1
• Down-regulates cyclin B1, CDKs, Bcl-2/Bcl-xL
• Up-regulates Bax expression and induces translocation 

of Bax to Mitochondria



Genistein
• Down-regulates MMP-2, MMP-9, uPA, 

c-IAP and VEGF

• Inactivates Akt and NF-kB (by 
inhibiting IKK)
– blocks nuclear translocation of p50 and p65

– inhibits phosphorylation of IkBa
– decreases MEKK1 kinase activity



Genistein and PC3 Proliferation



Apoptosis assay for PC3 cells treated with Apoptosis assay for PC3 cells treated with genisteingenistein , , 
docetaxeldocetaxel , , cisplatincisplatin , , adriamycinadriamycin , or combination, or combination

Con: Control;   G: Con: Control;   G: genisteingenistein ;   D: ;   D: docetaxeldocetaxel ;   ;   CisCis : : cisplatincisplatin ;   A: ;   A: adriamycinadriamycin
G+D: G+D: genisteingenistein followed by followed by docetaxeldocetaxel ; ; G+CisG+Cis : : genisteingenistein followed by followed by cisplatincisplatin ..
G+A: G+A: genisteingenistein followed by followed by adriamycinadriamycin .        *: .        *: p p < 0.01< 0.01



Growth inhibition in PC3 cells treated with Growth inhibition in PC3 cells treated with genisteingenistein , , 
docetaxeldocetaxel , or combination measured by MTT, or combination measured by MTT

G: treated with 50 G: treated with 50 mmmmmmmmMM genisteingenistein for 48h;for 48h; D: treated with 1nM D: treated with 1nM docetaxeldocetaxel for 48h;for 48h;
G+D: treated with 30 G+D: treated with 30 mmmmmmmmMM genisteingenistein for 24h followed by 0.5 for 24h followed by 0.5 nMnM docetaxeldocetaxel for 24h.for 24h.

**: : p p < 0.05< 0.05



Growth inhibition in PC3 cells treated with Growth inhibition in PC3 cells treated with genisteingenistein , , 
cisplatincisplatin , or combination measured by MTT, or combination measured by MTT

G: treated with 50G: treated with 50 mmmmmmmmM M genisteingenistein for 48h;for 48h; C: treated with 150nM C: treated with 150nM cisplatincisplatin for 48h;for 48h;
G+D: treated with 30 G+D: treated with 30 mmmmmmmmMM genisteingenistein for 24h followed by 100nM for 24h followed by 100nM cisplatincisplatin for 24h.for 24h.

**: : p p < 0.05< 0.05



EMSA for NFEMSA for NF --kBkB activity in PC3 cells treated withactivity in PC3 cells treated with
docetaxeldocetaxel or or cisplatincisplatin



EMSA for NFEMSA for NF --kBkB activity in BxPCactivity in BxPC --3 cells treated with3 cells treated with
genisteingenistein , , cisplatincisplatin , or combination, or combination

CisCis : : cisplatincisplatin ;  Gen: ;  Gen: genisteingenistein ..



DensitometricDensitometric analysis of  analysis of  NFNF--kBkB activity in BxPCactivity in BxPC --3 cells 3 cells 
treated with treated with genisteingenistein , , cisplatincisplatin , or combination, or combination

**: : pp <0.01<0.01



Genistein is Safe when Combined with XK469 
(n = 3 donors)
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Figure 2.  Three human bone marrows were processed to isolate the mononuclear cells, 
which were stimulated with rGM-CSF to produce clonogenic colonies of neutrophils and 
monocytes called CFU-GM.  Toxicity of the investigational drug XK469 was quantified 
from inhibition of CFU-GM colony formation.  The presence of 10-20 microM genistein
did not change the potency of the toxic action of XK469 upon these hematopoietic cells.
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NFkkkkB

kkkkB site
Transcription

•cIAP-1, XIAP, MMP-9, 
uPA, VEGF, etc.
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Effect of Dietary Genistein on MMP Gene 
Expression in Experimental Metastasis

Affymetrix Human Genome U95 or U133A Array 



Numbers of altered genes in different categories in 
PC3 bone tumors after genistein treatment 

Based on Cluster, Onto-Express, and GenMAPP Software

Cluster Analysis According to 
Biological Function

48oncogenesis

1011regulation of transcription and 
protein biosynthesis

710signal transduction, chemotaxis

013cell cycle arrest, negative regulation 
of cell proliferation and transcription

112apoptosis

DownUpCategory



*Based on in vitro and in vivo gene profiling with and without genistein

Effects of genistein on gene expression*



Dietary Genistein and Experimental PC3 
Bone Metastasis (Neoplasia 6:354-363, 2004)

control prevention

p£0.0001
p=0.0003



Normal PC3 LNCaP LUCaP 23.1

1 cm

SCID-Human Model of Prostate 
Cancer Bone Metastasis



Phase II clinical trial of soy isoflavones in 
patients with prostate cancer

Study subjects:
• Histologically proven prostate cancer with 

PSA progression.
• No other therapy for prostate cancer, except 

patients already on LHRH analogue were 
required to continue it. 

• Patients had to demonstrate a rising trend 
with three successive elevations at a 
minimum interval of two weeks or at least 
two PSA values at least 2 weeks apart with a 
minimum PSA of 10 ng/ml. 



Treatment

• Soy isoflavone (Novasoy®)100mg orally 
twice daily.

• Treatment duration: Maximum 6 months. 
• Treatment compliance: Medication 

calendars were completed by study 
subjects and remaining pill counts were 
done on returned bottles. 



Phase II clinical trial of soy isoflavones in 
patients with prostate cancer

• Group 1 (n=4)
– previously untreated (watchful waiting)

• Group 2 (n=18)
– PSA-failure, post-surgery or -radiation

• Group 3 (n=19)
– PSA-failure, post-hormone therapy 

(hormone refractory)



PSA response

• Group 1
Stable 3/4 patients (75%)

• Group 2
Stable 15/18 patients (83%)

• Group 3
Stable 6/19 patients (32%)
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Treatment of PC-3 Prostate Tumors
with Radiation + Genistein

in Nude Mice
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Treatment of PC-3 Prostate Tumors
with Radiation + Genistein

in Nude Mice
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1. Food supply and eating

Choose predominately plant-based diets rich in a va riety 
of vegetables and fruits, pulses (legumes) and mini mally 
processed starchy staple foods.

2. Maintaining body weight

Avoid being underweight or overweight and limit wei ght 
gain during adulthood to less than 5kg (11 pounds)

3. Maintaining physical activity

If occupational activity is low or moderate, take a n hour’s 
brisk walk or similar exercise daily, and also exer cise 
vigorously for a total of at least one hour per wee k.

Public Health Goals & Advice to Individuals
World Cancer Research Fund, 1997



Diet, Nutrition, & Cancer: Recommendations

1. Maintain BMI in range of 18.5 to 25kg/m2; avoid weight 
gain in adulthood 

2. Engage in regular physical activity
3. Consumption of alcoholic beverages is not recommended: 

if consumed, do not exceed 2 units per day
4. Minimize exposure to aflatoxin in foods
5. Chinese-style salted fish should only be eaten in 

moderation 
6. Include at least 400g/day of total fruit and vegetables
7. Meat: those who are not vegetarian are advised to 

moderate consumption of preserved meat. Poultry and fish 
have not been associated with increased cancer risk

8. Do not consume foods or drinks when they are very hot

WHO Subcommittee, 2003



Let food be your 
medicine.

Hippocrates


