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In the 1980’s, Albert Szent-Gyorgyi (Nobel Prize for 
Medicine, 1937 for his discovery of vitamin C and the 
mechanism of biological oxidation), hypothetized that 
certain methoxy-substituted benzoquinones, when 
combined with ascorbic acid, may effectively kill cancer 
cells. The best natural source for these benzoquinones is a 
by-product of flour milling: wheat germ, where these 
molecules are present in form of glycosides. An industrial- 
scale fermentation process has been developed to break-up 
these glycosidic bonds, and to make other chemical 
modifications of the wheat germ extract. The thus resulted 
standardized fermented product has been shown to 
possess anticancer, antimetastatic, antiinflammatory and 
anticachexic properties. The extract - named Avemar - has 
fulfilled the self-affirmed GRAS status in the USA, and has 
been approved as a dietary food for special medical 
purpose (medical food) for cancer patients in countries of 
the EU. In some countries, Avemar is 100% reimbursed for 
cancer patients. In the USA this product is available as a 

dietary supplement in a form of an instant drink mix.



Safety issues. Drug interactions. 
The results of toxicological and clinical studies of FWGE 
demonstrate its safety for its intended use as a dietary 
supplement ingredient in the United States, and as a 
medical food for cancer patients in the EU. In acute and 
subacute toxicity studies using rodents, orally 
administered FWGE showed that dose levels exceeding 
the normal recommended oral dosage by up to 
approximately 25-fold caused no adverse effects. The test 
substance showed no evidence of mutagenicity or 
genotoxicity in vitro or in vivo. Clinical studies using 
FWGE as a supplement to drug therapy in cancer patients 
not only showed no evidence of toxicity. There have been 
no adverse interactions found when FWGE was co- 
administered with cytostatic drugs, or with targeted 
drugs, or with hormone drugs used in medical oncology. 
Overall, it was concluded that FWGE would not be 
expected to cause adverse effects under the conditions of 
its intended use as an ingredient in medical foods and 
dietary supplements.



FWGE has been extensively researched. List of the 
most important papers in English are shown on the 
next 3 slides. Readers may also visit the NIH web 
site: http://www.ncbi.nlm.nih.gov/sites/gquery 
for getting a good list of papers by using the search 
term: Avemar. Readers may also visit the web site: 
http://www.avemarresearch.com/TOC.html, where 
papers could be downloaded from. 
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Molecular targets of the fermented wheat germ extract (FWGE). By the activation of the caspase-3 downstream proteases, FWGE induces cleavage of 
poly(ADPribose) polymerase (PARP), which leads to apoptosis of cancer cells. FWGE downregulates the major histocompatibility complex class I (MHC-I) 
proteins on tumor cells’ surface, thus making them targets of natural killer (NK) cells. The extract inhibits the activity of ribonucleotide reductase (RR), the 
key enzyme of de novo DNA synthesis. FWGE also inhibits cyclooxygenase (COX)-1 and -2 and thus has anti-inflammatory activity. It has also been shown 
that FWGE upregulates the expression of intercellular adhesion molecule-1 (ICAM-1) on the endothelial cell. It is known that endothelial cells of the 
vasculature of human solid tumors have a decreased expression of ICAM-1 compared to normal endothelial cell tissue, and this phenomenon can be 
considered as a tumor-derived escape mechanism since the development of an efficient leukocyte infiltrate of the tumor is impaired. FWGE decreases 
glucose (GLU) uptake both directly and by inhibiting glucose activation via the inhibition of hexokinase (HK), the catalyst of activation by phosphorylation. 
FWGE also inhibits pentose cycle enzymes involved in direct glucose oxidation (glucose-6-phosphate dehydrogenase, G-6-PD) and nonoxidative glucose 
utilization (transketolase, TK) toward nucleic acid synthesis. These inhibitions result in decreased glucose consumption of cancer cells and thus the 
progression of the neoplastic disease slows down. The extract further inhibits the enzyme lactate dehydrogenase (LDH), which results in decreased 
glycolytic flux and reduced energy supply of tumor growth at both aerobic and anaerobic conditions (Warburg-effect). In contrast, FWGE treatment is about 
50×

 

less effective in peripheral blood lymphocytes in inducing biological effects, which provides a comfortable therapeutic window for FWGE to apply in 
patients as a supplemental treatment modality with minimal or no toxic side effects.



The proliferating metabolic 
phenotype of tumor cells

drives the cancer phenotype.

Proliferating metabolic 
phenotype of tumor cells is 
characterized by high rates of 
nucleic acid synthesis through 
the nonoxidative steps of the 
pentose cycle and decreased 
recycling of ribose carbons 
back into glycolysis. 

Inhibition of transketolase 
or G6PD results in cell cycle 
arrest, and the subsequent 
limited availability of 
glucose substrates for 
nucleic acid synthesis 
results in tumor cell 
apoptosis. 





Activity of transketolase determines the survival of cancer patients. 
British Journal of Cancer (2006) 94, 578 – 585



THE JOURNAL OF BIOLOGICAL CHEMISTRY Vol. 277, No. 48, pp. 46408–46414, 2002



Inhibiting Colorectal Metastases in Mice

• Both Avemar (3 
g/kg/d) and  5- 
Fluorouracil (1 
mg/kg/d) significantly 
reduce the number of 
liver metastases of C38 
colorectal murine 
carcinoma

• Avemar + 5FU in 
combination show a 
still greater efficacy

Cancer Biother Radiopharm 14: 277-289, 1999

p < 0.001
p < 0.001

p < 0.005
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BJC (2003) Colorectal Cancer 
Progression-Free Probability Curve
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Colorectal Cancer – clinical trial

Table 2. Occurrence of progression-
related events (End Point Analysis)

0%
5%

10%
15%
20%
25%
30%
35%
40%
45%

New
Recurrent
Disease

New
Metastatic

Lesions

Deaths Overall
Progressive

Events

Avemar
Control

British Journal of Cancer (2003), 89:465-469



Double-Blind, Multicenter Clinical Study

AVEMAR in metastatic 
colorectal cancer

Department of Medical Oncology 
Chaim Sheba Medical Center 

University of Tel-Aviv 

Gastrointestinal Cancers Unit 
Department of Medical Oncology 

Ichilov Medical Center 
University of Tel-Aviv



Kaplan-Meier survival analysis 
FWGE in metastatic colorectal cancer 

(double-blind study, Israel)
Survival time

median (months)
95 % confidency interval of the 

median of the survival time

AVEMAR 22.7 17.6 – 27.9

Placebo 12.4 10.2 – 14.6

Log Rank test  
p=0.04 
Survival of the 
patients in the 
Avemar group is 
significantly 
longer than that 
in the placebo 
group.

Survival (months)





Cancer Biotheraphy Radiopharm 14: 277-289, 1999

First Institute of Pathology and Experimental Cancer Research, 
School of Medicine, Semmelweis University, Budapest, Hungary



FWGE as Adjuvant in Stage III 
Melanoma

Cancer Biotherapy and Radiopharm, August, 2008 

• Site: Blokhin Cancer Center of the Russian Medical 
Academy, Moscow

• Design: open, prospective, randomized Phase II
• Objective: Avemar’s effects on disease outcome in 

high-risk melanoma patients 
• Follow-up: 7 years
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FWGE in Head and Neck Cancer

N= 45 (44 planocellular, 1 adeno cc)

Results –

 
after 1 year

AVEMAR® Control

Mortality 0/23 1/22 N.S.

New recurrence 1 (4.3%) 12 (54.5%) p<0.001

New metastasis 1 (4.3%) 4 (22.7%) N.S.

Progression event 2 (8.7%) 17 (77.3%) p<0.001



FWGE in Head and Neck Cancer

N= 45 (44 planocellular, 1 adeno cc)

Results –

 
after 5 years



Hardy & Alschuler 2008Hardy & Alschuler 2008

Helthy cell respiration



Hardy & Alschuler 2008Hardy & Alschuler 2008Pancreas Vol. 23, No. 2, pp. 141–147



The new strategy in medical oncology 
means to turn cancer into a chronic, 
manageable disease by normalizing 
the proliferative metabolic phenotype 
of cancer cells, and helping the 
patients’ natural anti-cancer defence 
mechanisms to fight with the 
proliferation, propagation and 
dissemination of cancer cells.



Effects of combinations of 
FWGE with tamoxifen, 

exemestane (Aromasin) and 
anastrozole (Arimidex) on 

the growth of breast cancer

Tejeda M, Gaal D, Szucs I, Telekes A: 
Avemar inhibits the growth of mouse and 
human xenograft mammary carcinomas 
comparable to endocrine treatments.
J Clin Oncol 2007;25(18S):21132.



Female, 8 week old (22-23 g) inbred BDF1 
mice (Animal Facility, National Institute of 
Oncology, Budapest, Hungary) were used. The 
mice were kept under SPF conditions in plastic 
cages (3-4 per cage), fed with semi-synthetic 
rodent pellets (Charles River) and filtered tap 
water, ad libitum. 

ER+ MXT mouse mammary carcinoma, 
obtained from NCI, Bethesda, MD, was 
maintained in the Animal Facility by serial 
transplantations. Under Nembutal anesthesia, 
three mm3 pieces of the tumor tissue were 
injected subcutaneously into the dorsal skin of 
the mice.



Tumor volume was determined by 
measuring two diameters (L and D) of the 
tumor using a caliper and applying the 
formula: V (volume) = L x D2 x  pi/6. 
Measurements were done on day 7, 9, 11, 
14, 16, 18, 21, 23 and 25 after tumor 
inoculation. Spontaneous death of the 
animals, as well as any clinical signs of 
toxicity were registered. 

FWGE (Avemar) was donated by the 
Inventor and, tamoxifen and Arimidex by 
Astra Zeneca, and Aromasin by Pfizer, 
respectively.



All treated and control groups consisted of 7 
mice.
FWGE monotherapy to determine 
optimal dose
The daily doses of FWGE applied via gastric tube 
were 1.5, 3.0, 4.5 and 6.0 g/kg,BW, 
respectively. FWGE was dissolved in 0.7% 
saline. Aliquots of 0.1 ml FWGE solutions were 
prepared for each dose. Treatment was started 
7 days after tumor inoculation, when tumors 
became palpable, and was applied 10 times for 
12 days with two-day pause after the fifth 
treatment. Physiological saline was given using 
a gastric tube (0.1 ml daily) as negative control.



Combination treatment

The orally instilled dose of 3.0 g/kg FWGE was 
combined with the subcutaneous injection of 0.5 
mg/kg tamoxifen, the intraperitoneal injection of 5 
mg/kg Arimidex and the intraperitoneal injection of 10 
mg/kg Aromasin, respectively. At the same time, 
monotherapies with 3 g/kg orally instilled FWGE, 
subcutaneously injected 0.5 mg/kg tamoxifen, 
intraperitonally injected 5 mg/kg Arimidex and 
intraperitoneally injected 10 mg/kg Aromasin were also 
performed. All compounds were dissolved in 
physiological saline solution (aliquots of 0.1 ml for 
FWGE and 0.25 ml for the other compounds). The 
control mice received 0.25 ml physiological saline 
intraperitoneally. All treatments started 7 days after 
tumor inoculation and applied 10 times, for 12 days, 
with two-day pause after the fifth treatment.



Dose dependent efficacy of FWGE monotherapy

All doses of FWGE significantly inhibited 
tumor growth. The highest per cent of 
inhibition was found after the 
application of 3.0 g/kg FWGE, which 
corresponded to the recommended 
single daily human dose. The average 
survival times were also prolonged by 
FWGE treatments.



Tu
m

or
 v

ol
um

e,
 

cm
3

Effect of FWGE monotherapy on the 
growth of MXT breast cancer

0

1

2

3

4

5

6

7

7 9 11 14 16 18 21 23 25

1.5 g/kg
3.0 g/kg
4.5 g/kg
6.0 g/kg
saline
untreated

Days after tumor inoculation



Effect of FWGE monotherapy on the 
survival of mice having MXT breast cancer
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Combination therapy with tamoxifen, 
Arimidex, Aromasin and FWGE

In this experiment monotherapy with 
Tamoxifen, Arimidex and Aromasin 
resulted prolongation of survival, though 
these values were not significant compared 
to the control. FWGE treatment 
significantly (p 0.025) prolonged survival 
of tumor-bearing mice. Combination of 
FWGE with the drugs resulted similar or 
greater life span prolongation as had been 
achieved by the drugs on their own. 



Effect of FWGE-drug combinations on the 
survival of mice having MXT breast cancer
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The tumor volumes of mice, taken at day 25 
after tumor inoculation, show that all 
monotherapies and FWGE-drug 
combinations resulted in decrease of tumor 
volume compared to the control. FWGE 
monotherapy proved to be the most 
effective among the monotherapies. The 
effects of combinations on the tumor 
volume exceeded that of the drugs on their 
own. Combination of FWGE with 
Aromasin resulted in 60.4% inhibition of 
tumor growth. 



Effect of FWGE-drug combinations on the 
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T47/D ER+ human breast cancer 
xenograft

In xenograft models, FWGE produced 
50% tumor growth inhibition compared 
to control, and was more effective than 
the other monotherapy treatments: 
Aromasin (26%), Arimidex (25%) or 
tamoxifen (42%). Combined treatment 
with FWGE always improved efficacy 
within the range of 3–10%.
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mice. (American Type Culture Collection (ATCC), Rockville, MD)



Conclusions

The tumor growth inhibitory effect of FWGE on ER 
positive MXT mouse breast carcinoma as well as in 
T47/D human xenograft models are comparable (equal 
or better) to standard endocrine treatments. FWGE
certainly did not reduce the effect of endocrine 
treatments. FWGE showed similar efficacy (50% 
inhibition of growth) when ER+ and ER- human breast 
cancer xenograft were compared. 

The antitumor activity of FWGE was not 
dependent on the estrogen receptor status.

Inclusion of FWGE into the treatment protocols of both 
ER+ and ER- breast cancers can be recommended.



QOL1: Breast Cancer (Szeged)
• Endpoints: chemotherapy side effects + body mass
• 39 patients; average length of FWGE therapy: 

19.3 months
• Results

– Side effects of chemotherapy: 
• 38.5% no changes; 
• 25.6% improved; 
• 35.9% completely disappeared

– Body mass: 
• average increase = 7.4% (p < 0.001)



QOL2: Breast Cancer  (Szeged)
• Endpoint: quality of life (EORTC QLQ-C30 

questionnaire)
• 55 patients; average length of AVEMAR therapy: 

32.2 mos.
• Results:

– Improvement in functional scales: 
• physical functions (p < 0.05)
• emotional functions (p < 0.001)
• global state of health (p < 0.01)

– Improvement of symptomatic scales:
• fatigue (p < 0.01)
• nausea and vomiting (p < 0.01)
• insomnia (p < 0.01)
• constipation (p < 0.01)



QOL3: Lung cancer (Natl. Inst of 
Pulmonology)

• Endpoint: quality of life in advanced stage 
(EORTC QLQ-C30 questionnaire)

• 17 patients; average length of AVEMAR treatment : 
7.9 months

• Results:
• global state of health (p < 0.01)
• fatigue (p < 0.05)



Fermented wheat germ extract accelerates the regeneration of 
thrombocytes and reticulocytes in sublethally irradiated or 

cyclophosphamide treated mice

Irradiation: Mice were irradiated under a 6oCo gamma source (dose rate: 0.2697 
Gy/min) with an accumulating dose of 3.5 Gy.

Cyclophosphamide (Cytoxan, Bristol-Meyers, 200 mg cyclophosphamide + 150 
mg mannitol per ampoule) was dissolved in saline and injected in a dose of 200 
mg/kg body weight (0.1 ml/10 g body weight, LD10 ). Control mice were injected 
at the same time with 0.2 ml saline.

Blood samples were taken from the tail veins. Leukocytes and thrombocytes were 
counted using a hemocytometer. Reticulocytes were supravitally stained with 
brillantkresylblue. Reticulocytes/1000 red blood cells were scored.

Bone marrow stem cell colony forming potential was tested and expressed as 
colony forming units in spleen: CFU-S in lethally irradiated isologous recipients.

Bone marrow granulocyte-macrophage progenitors (CFU-GM) were assayed in a 
soft gel system containing 30 per cent fetal calf serum, 10 per cent conditioned 
medium of WEHI 3-B cells as IL-3 source, McCoy 5A medium, 5 x 105 bone 
marrow cells and 0.3 per cent agar in a final volume of 1 ml/Petri dish.



Effects of Avemar administration

Leukocyte count after 4 days of radiation exposure was approximately 30 per 
cent of controls which increased to 50 per cent then remained at this level for the 
remaining observation period (21 days). Thrombocyte count showed a significant 
increase by day 7 which reached the control values at day 21. 

Reticulocyte regeneration also started earlier in Avemar than in distilled water 
treated irradiated groups. Postirradiation thrombopenia was significantly less 
pronounced in the Avemar treated group. 

In cyclophosphamide treated mice, thrombocyte count showed a more rapid 
recovery in the Avemar treated group than in the control. 

The same effect of Avemar on platelet regeneration was observed in 
cyclophosphamide treated and in irradiated mice where Avemar also significantly 
increased platelet regeneration.



Clinical significance

The clinical significance of these observations is that Avemar increases bone 
marrow cell regeneration and platelet activity which substantially contribute to 
the restoration of normal immune functions after irradiation- or chemotherapy 
treatments in cancer. 

Besides their role in preventing hemorrhages and extended tissue damage, 
platelets are an important source of various inflammatory cytokines. 

The rapid reticulocyte regeneration, which we observed after Avemar treatment, 
may also contribute to the increased oxygenation and a more complete 
regeneration of vital organs that are adversely affected by high dose 
chemotherapy and/or radiation during the treatment of cancer.



Avemar Against Febrile Neutropenia in 
Childhood Cancers

Journal of Pediatric Hematology-Oncology, 2004
• Site: Clinics of Pediatrics No. II Budapest University 

(Prof. Gy. Fekete)
• Design: open, prospective, randomized
• Objective: Avemar effect on chemotherapy-related 

febrile neutropenia
• No of patients: 22 (11 matched pairs)
• (histology, site, diagnosis, age, clinical stage)
• Follow-up: 3 years



Febrile neutropenia 
ratio of episodes/cycle (%)

Garami et al. J Pediatr Hematol Oncol. 2004 ;26(10):631-5.
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(Mantel-Haenszel test) p<0,01
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	��
	In the 1980’s, Albert Szent-Gyorgyi (Nobel Prize for Medicine, 1937 for his discovery of vitamin C and the mechanism of biological oxidation), hypothetized that certain methoxy-substituted benzoquinones, when combined with ascorbic acid, may effectively kill cancer cells. The best natural source for these benzoquinones is a by-product of flour milling: wheat germ, where these molecules are present in form of glycosides. An industrial-scale fermentation process has been developed to break-up these glycosidic bonds, and to make other chemical modifications of the wheat germ extract. The thus resulted standardized fermented product has been shown to possess anticancer, antimetastatic, antiinflammatory and anticachexic properties. The extract - named Avemar - has fulfilled the self-affirmed GRAS status in the USA, and has been approved as a dietary food for special medical purpose (medical food) for cancer patients in countries of the EU. In some countries, Avemar is 100% reimbursed for cancer patients. In the USA this product is available as a dietary supplement in a form of an instant drink mix.       
	Safety issues. Drug interactions. �The results of toxicological and clinical studies of FWGE demonstrate its safety for its intended use as a dietary supplement ingredient in the United States, and as a medical food for cancer patients in the EU. In acute and subacute toxicity studies using rodents, orally administered FWGE showed that dose levels exceeding the normal recommended oral dosage by up to approximately 25-fold caused no adverse effects. The test substance showed no evidence of mutagenicity or genotoxicity in vitro or in vivo. Clinical studies using FWGE as a supplement to drug therapy in cancer patients not only showed no evidence of toxicity. There have been no adverse interactions found when FWGE was co-administered with cytostatic drugs, or with targeted drugs, or with hormone drugs used in medical oncology. Overall, it was concluded that FWGE would not be expected to cause adverse effects under the conditions of its intended use as an ingredient in medical foods and dietary supplements.�
	FWGE has been extensively researched. List of the most important papers in English are shown on the next 3 slides. Readers may also visit the NIH web site: http://www.ncbi.nlm.nih.gov/sites/gquery �for getting a good list of papers by using the search term: Avemar. Readers may also visit the web site: http://www.avemarresearch.com/TOC.html, where papers could be downloaded from. 
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