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I.   What Is 3-Bromopyruvate (3BP) and How Does It Work as a Potent Anticancer Agent in a 
New Class of Drugs? 
 
3BP as a small alkylating molecule (Figure 
on the right) targets the essential cellular 
energy production machinery of cancer 
cells while leaving the same machinery in 
normal cells preserved. This discovery has 
been instrumental in propelling a new 
direction in cancer research focused on 
selectively targeting the cancer cells’ 
energy production factories. Since the 
1970’s Dr. Peter L. Pedersen at Johns 
Hopkins University School of Medicine 
had been the pioneer in conceptualizing 
and inventing this new strategy. From the 
brief descriptions and Figures numbered 
sequentially below one can visualize how 
and why 3BP works so effectively as an 
anticancer agent when formulated 
appropriately. 
 
1) There are two energy (ATP) production factories inside the cell, i.e., glycolysis and mitochondrial oxidative 
phosphorylation. In normal cells (Fig. 1) about 5 % of the total cellular energy (ATP) production is derived 
from glycolysis and about 95 % from mitochondrial oxidative phosphorylation. In cancer cells (Fig. 2), the 
energy production by glycolysis is significantly increased (up to 60 %). This dramatic increase in glycolysis in 
cancer cells results in a significant increase in lactic acid production.  
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2) Most cancers (> 90 %) exhibit this common metabolic phenotype. This is called the “Warburg Effect”, i.e., 
significant increase in glycolysis in cancer cells even in the presence of oxygen. The most frequently used 
cancer detection method clinically, i.e., Positron Emission Tomography (PET), is based on this metabolic 
phenotype, i.e., the “Warburg effect”.  
 
3) Cancer cells that exhibit the “Warburg effect” pump out the produced lactic acid via a transporter (Fig 2 & 
3, depicted as a green 
cylinder(s)). The number 
of these transporters 
(considered as doors or 
gates) in cancer cells is 
much greater than in 
normal cells.  
 
4) 3BP, a lactic/pyruvic 
acid analog, is a small 
chemical and mimics the 
lactic /pyruvic acid 
chemical structure. It is 
depicted as a small red 
diamond in Fig. 3.  
Therefore, 3BP disguised 
as lactic acid can “trick” 
the cancer cells and enter 
like a Trojan horse (Fig. 
3). It has little effect on 
normal cells as these 
contain very few lactic 
acid transporters under normal physiological conditions.  
 
5) Because of 3BP’s highly reactive nature, it destroys the two energy production factories (Fig. 3; one red 
diamond above the HK means that 3BP is destroying one energy production factory, i.e., glycolysis, and 
another red diamond inside the mitochondrion means that 3BP is destroying also this energy production 
factory). Now, the cellular energy (ATP) is depleted very rapidly as 3BP attacks the two factories at the same 
time causing the cancer cells to rapidly explode (cell membrane rupturing, Fig 4).  As an example of this in 
action, see Fig. 4. Here, the healthy cancer cells are round and iridescent (left picture). However, when such 
cells are treated with 3BP the cell membranes rupture (middle picture) and they die (see cell debris in the far 
right picture). 
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Therefore, 3BP as an anticancer agent should meet the following essential criteria, and “IT DOES” when it is 
appropriately formulated:  
 
A) It is cancer cell specific; this minimizes cyto-toxicity of normal cells (Figs. 1, 2, & 3) 
B) It is highly effective in killing cancer cells (Fig. 4 & 5); otherwise, slightly damaged or crippled cancer cells 
would likely develop a new escape strategy to overcome the anticancer drug attack, e.g., drug resistance and 
mutations for adaptation.  
C) It is non-mutagenic. 
D) It does not induce drug resistance 
as 3BP is not a substrate for the multi-
drug resistance (MDR) protein. 
E) It does destroy itself (suicidal) after 
killing cancer cells. Otherwise, the 
anticancer agent would remain inside 
the body after the cancer cells 
destruction. This would impose 
possible risks or danger to normal 
cells as the original weapon would be 
“on the loose”.  
F) It does cause cancerous tumors to 
completely disappear in animals 
without harming the animals (Fig. 5). 
That is, it exhibits little or no toxicity 
and therefore can be used 
successfully in vivo.  
G) It does target many different types of cancers. 
H) It can be delivered to cancerous tumors via various routes. 
 

 

II.  Why Is 3BP More Beneficial than Other Metabolic Inhibitors e.g., Dichloroacetic acid 
(DCA) and/or 2-Deoxyglucose (2DOG) in Killing Cancer Cells?  The answer below is based on 

experimental data in vitro.  
 
As small molecule inhibitors, all three molecules above (3BP, DCA, and 2DOG) can target the energy 
production pathways in cancer cells. However, 3BP is much more effective and beneficial for the following 
reasons.  
 
First, 3BP is less toxic and more effective than DCA and 2DOG due to its preferential entry into cancer cells and 
its capacity to target simultaneously the two major energy production pathways (glycolysis and mitochondrial 
oxidative phosphorylation). DCA and 2DOG are more cyto-toxic because they enter both normal healthy and 
cancerous cells. However, their chemical structures do not provide for specificity to cancer cells. In fact, they 
enter more normal cells than cancer cells and harm normal cellular functions.  
 
Secondly, DCA and 2DOG are less effective than 3BP in killing cancer cells because each agent targets primarily 
only one of a cell’s two energy production pathways, thus allowing such cells to rely on the other pathway for 
survival. For example, 2DOG will slow down only the glycolytic pathway but not mitochondrial function. 
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Consequently, cancer cells will thrive utilizing mitochondrial functions. DCA improves mitochondrial function 
but not the glycolytic energy production pathway. Unlike 2DOG and DCA, 3BP while leaving normal cells 
unharmed will destroy both energy production pathways of cancer cells upon its preferential entry via 
monocarboxylate transporters (MCTs). This is why 3BP while exhibiting little to no toxicity is much more 
effective than DCA and 2DOG.  
 
 

III.  Are Toxicity Studies Available for 3BP in vivo?  
 
Yes, toxicity studies on 3BP are available for the following animal species: Dogs (by Smithers Avanza Resource 
Library), Rats (by Smithers Avanza Resource Library), Mice (by NCI), and Pigs (by KoDiscovery, University of 

Wroclaw, Poland, and University of Rzeszów, Poland). See below. 

 
1) 3BP Toxicity Study in Dogs: Repeat Dose Toxicity Studies of 3-Bromopyruvate in Dogs Following 
Intrahepatic Artery (IA) and Intra-peritoneal Infusion (IP).  
 
The anticancer efficacy of the pyruvate analog 3-bromopyruvate (3BP) has been demonstrated in tumor 
models, and has been shown to inhibit ATP synthesis by inhibiting both glycolysis and mitochondrial oxidative 
phosphorylation resulting in depletion of intracellular ATP and cellular death.  Thus, 3BP is both a potent and 
promising anticancer agent.  Groups of dogs were dosed during two 5-day intervals over 14 days. Each dose 
was administered to the hepatic artery via a 2-hour infusion at 0, 0.25, 2.5 and 7.5 mg/kg/dose.  Mortality 
occurred at doses of 7.5 mg/kg. Other test article-related effects included emesis, decreased body weight and 
food consumption, elevated liver enzymes and leukocytosis, macroscopic findings in the liver and lymph 
nodes, and microscopic changes in the hepatic artery, bile duct, peritoneum, lymph nodes, liver, gallbladder 
and mesentery. The no-observed-adverse-effect level (NOAEL) is less than 0.25 mg/kg/dose and the highest 
non-severely toxic dose (HNSTD) is <2.5 mg/kg/dose. In a separate study, groups of dogs were dosed for 21 
consecutive days via a 2-hour intra-peritoneal infusion at doses of 0, 0.25, 2.5 and 5 mg/kg. No mortality 
occurred, and test article-related emesis, decreased body weight and food consumption, decreased RBC 
count, hematocrit, and hemoglobin, increased serum chloride, and macroscopic and microscopic findings at 
the infusion site, lymph nodes and peritoneum were noted. The NOAEL is < 0.25 mg/kg/dose based on the 
microscopic changes in the peritoneum (deposition of fibrin and fibrosis along with in inflammatory cells and 
hemorrhage) of all treated groups, and the HNSTD is 2.5 mg/kg/dose.  
 
2) 3BP Toxicity Study in Rats: Repeat Dose Toxicity Studies of 3-Bromopyruvate in Rats Following Oral and 
Intra-peritoneal (IP) Administration. 
 
The anticancer efficacy of the pyruvate analog 3-bromopyruvate (3BP) has been demonstrated in tumor 
models, and it has been shown to inhibit ATP synthesis by inhibiting both glycolysis and mitochondrial 
oxidative phosphorylation resulting in depletion of intracellular ATP and cellular death. Thus, 3-BP is both a 
potent and promising anticancer agent. Groups of rats were dosed with 3BP four times/day for up to 28 
consecutive days by oral gavage at doses of 0, 20, 100, and 200 mg/kg/day and for up to 21 days by 2-hour 
intra-peritoneal (IP) infusion at doses of 0, 0.25, 2.5 and 5 mg/kg. Selected animals were included in each 
study to evaluate the persistence or reversibility of any toxic effects over a 14-day recovery period. Test 
article-related mortality occurred at oral doses ≥100 mg/kg/day. Other test article-related effects following 
oral administration included clinical observations involving the lung and abdomen, elevated ALT, acute 
bromide toxicity, electrolyte imbalances, and macroscopic and mild microscopic changes in the 
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gastrointestinal tract, lymphoid tissues, and lungs. The no-observed-adverse-effect level (NOAEL) is less than 
20 mg/kg/day and the highest non-severely toxic dose (HNSTD) is <100 mg/kg/day. No definitive test article 
related mortality occurred following IP dosing. However, a treatment-related decrease in body weight and 
food consumption, increase in absolute and relative spleen weight, and adhesions/masses along with 
enlargement/ thickening/discoloration of abdominal organs was noted. Microscopic changes included 
fibroplasia and mixed-cell infiltration of the peritoneum and abdominal organs, injection site and liver 
necrosis, mesenteric hemorrhage, and fibrin deposition that were considered local effects. The no observed-
adverse-effect level (NOAEL) is less than 0.25 mg/kg and the highest non-severely toxic dose (HNSTD) is <2.5 
mg/kg. 
  
3) 3BP Toxicity Study in Mice: NCI in vivo screening data show that the minimal lethal dose of 3BP is 100 
mg/kg via IP administration. However, according to our studies the effective concentrations of 3BP as an 
anticancer agent range from 0.5 - 8.0 mg/kg. The effective minimal cancer curative dosages of 3BP used in our 
studies were about 200 times less than the minimal toxic dose used in NCI screening studies. 
 

 

 

 

 

 

 

 

 

 

 

 

4) 3BP Toxicity Study in Pigs: No obvious cytotoxicity was observed in the experimental pigs based on either 

blood tests as a function of time or pathology of various organs after euthanasia. See below a brief 

experimental protocol employed in 3BP toxicity studies in pigs. 

• Two Delivery Routes: Oral and IV 
• Three Experimental Groups: 

            (1mg/kg, 2.5 mg/kg, and 5.0/kg BW) and a Control Group (Vehicle) 
• Three Pigs ( ca.150 Lbs) /Each Group, Therefore, 12 pigs/Each Set 
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• 5 Days on Two days off for five weeks  
• Blood Sampling Several Times/ Day, Blood Chemistry, Blood Counts 
• At the end of the study, Euthanasia of All Animals for Pathology 

 

IV.  Can 3BP Therapeutics Be Utilized for Treating Human Cancer Patients?  
 
Human Usage: Appropriately formulated 3BP has been used safely already in a limited number of cancer 
patients including those with one or more of the following cancers (primary and metastatic): fibrolamellar 
hepatocellular carcinoma (A case study was published. See below.), endometrial cancer, pancreatic cancer, 
prostate cancer, transitional renal cancer, and papilloma renal cancer. Significantly, 3BP can be administered  
via multiple routes, i.e., orally, intravenously, intra-arterially, intra-tumorally, intra-peritoneally, intra-rectally, 
subcutaneously, topically, and by inhalation. 
 
Appropriately formulated cGMP synthesized 3BP appears to be safe following its administration to a limited 
number of cancer patients via various delivery routes. However, at this time the appropriately formulated 3BP 
appears both safe and effective. In future clinical trials, 3BP solutions may need to be optimized as it relates to 
dosage and frequency of treatment.  
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V.  How Many People’s lives are Taken by Cancer Every Day? What Can We Do about It? Can 
3BP Help Cure this Lethal Disease? 
 
In the year 2000, 6.2 million people died of cancer worldwide in that year alone, with the number of deaths 
accumulating to 56 million worldwide. In 2008 according to the Global Cancer Facts and Figures, second 
edition, there were 12.7 million new cases with 7.6 million deaths. This adds up to 21,000 deaths per day in 
2008. An interesting fact is that according to the World Cancer Report produced in Geneva in 2003 they 
predicted the Cancer rates could further increase by 50 % to 15 million new cases by 2020. However by 2012 
we had already almost reached that number of new cases. The statistics showed  8.2 million deaths and 14.1 
million new cases, 8 years earlier than predicted! As well, in the 2003 world cancer report, Dr. Paul Kleihues, 
Director of the International Agency for Research on Cancer (IARC) and co-editor of the World Cancer Report 
called on Governments, health practitioners and the general public to take urgent action. He states in 2003 
that appropriate action then could prevent one third of cancers, and cure another third. The World Cancer 
Report is a concise manual describing the global burden, the causes of cancer, major types of malignancies, 
early detection and treatment. This 351-page global report was issued by IARC, which is part of the World 
Health Organization (WHO). This report and many other reports prior to it and after it, as well as the current 
statistics noted below, show that most people did not understand just how global and devastating cancer was 
going to prove to be.  
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The National Cancer Institute (NCI) is reporting that currently in the United States the estimate will be 
1,685,210 new cases of cancer in 2016 with an estimate of 595,690 deaths occurring as a result. As well, the 
number of new cases worldwide is expected to rise by about 70% over the next 2 decades. The NCI also states 
that the national expenditures from cancer care in the United States totaled nearly 125 billion in 2010 and 
could reach 156 billion by 2020. 
 
Obviously, every country in the world is suffering from Cancer and feels the burden socially and economically. 
Cancer is the leading cause of morbidity and mortality worldwide. It has been said that we need to generate 
new knowledge, share existing knowledge to deliver evidence based approaches to cancer control, and stop 
using archaic methods known to do nothing to help or stop cancer.  We have been working nonstop on trying 
to discover new approaches to stop cancer. To this end we have found that 3BP while leaving most normal 
cells unharmed works against cancer cells by targeting their essential energy production pathways. We feel 
that it is time to bring this new innovation to the forefront without delay. Together with the current standard 
of care being used we would very much like to contribute significantly in the fight against cancer employing 
3BP anticancer technology. 
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