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Introduction 

It is widely known that glucose plays an important role 
in cancer growth and progression. However, the molecular 
bases of the process are not as clear. The combination of 
anaerobic metabolism with the interactions with the cancer 
microenvironment and overload of oncometabolites makes the 
process of glucose-mediated cancer genesis highly confusing [1]. 
Moreover, the cross-regulation of the metabolic pathways leads 
to the destabilization of the normal glucose equilibria by the 
mutation in only one enzyme. Thus, leading to the alternations 
in all the pathways and improper energy supply. The mutated 
enzymes lead to the production of oncometabolites, that alter the 
metabolism of the cells in various ways, for instance, the excess of 
the lactate decreases the redox control by glutathione reductase 
[2]. The changes in glucose metabolism imply the alternations in  

 
other than sugar-related metabolic pathways, like the changes 
in fatty acids or nucleotides synthesis [3]. In general, the altered 
metabolism of the cancer cell leads to the accelerated proliferation 
and neoplasm expansion [4,5].

From the oncologic point of view, it is very important to 
understand the bases of the process to effectively apply the 
chemotherapy. Nowadays, glucose-metabolism enzymes are being 
used as targets for cytostatic drugs. Due to the fact, that cancer 
cells exhibit a higher level of glucose uptake, the drugs are more 
selective towards cancerous tissue without the systemic toxicity. 
The higher glucose accumulation in cancer cells is also used in 
various clinical imaging methods, like PET for instance, where 
the 18F-glucose is being administered intravenously and the drug 
accumulates in the tumour. By the positron annihilation reaction, 
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the quant of energy could be imaged by the clinician. Therefore, 
understanding the relationship between cancer cells and altered 
glucose metabolism is crucial for effective therapy and drug 
design [2,6].

Glucose Metabolism

Glucose metabolism is the main source of energy for the 
cells to function. In general, the catabolism involves the enzymes 
assisted decomposition of the sugars into smaller molecules, that 
all eventually transform into acetyl-Coenzyme A. After the glucose 
flows into the cell, it is being phosphorylated by hexokinase (or 
like in liver glucokinase) and thus becomes the metabolically 
active form of the sugar [7]. Then it can undergo several glucose-
catabolism pathways. At first the glycolysis-the process leading 
to the formation of pyruvate by the reactions of isomerization, 
second phosphorylation in C-1 associated -OH group, the and the 
breakage into glyceraldehyde 3-phosphate and dihydroxyacetone 
phosphate.

Afterwards, the glyceraldehyde 3-phosphate undergoes 
simultaneous reaction with a phosphate group and the formation 
of 1,3-bisphosphoglycerate, which decomposition leads to the 
formation of ATP and the formation of 3-phosphoglycerate. The 
process cannot be directly reversed, unlike most of the others 
in glycolysis. Phosphoglycerate mutase eventually catalyzes the 
isomerization of 3-Phosphoglycerate to 2-phosphoglycerate, 
which undergoes the reaction catalyzed by the enolase. The 
product of enolase reaction-phosphoenolpyruvate is the second 
source of ATP in the glycolysis, which is being formed in the 
reaction catalyzed by pyruvate kinase. All the process leads to 
the formation of pyruvate, that can undergo various metabolic 
pathways. The most prominent is the pyruvate decarboxylation, 
leading to the formation of Acetyl-CoA, NADH, CO2 and ATP. The 
others consist of the formation of alanine or the reduction into 
lactate [8,9].

The other metabolic pathways starting with glucose-6-
phosphate are pentose-phosphate pathway and the isomerization 
to glucose-1-phosphate, that eventually leads to the accumulation 
of the sugar in the glycogen or the conjugation of glucose with 
other compounds-like membrane-associated oligosaccharides, 
that compose the cell’s glycocalyx. The energy-related process 
is the pentose-phosphate pathway. The process gains energy in 
the NADPH nucleotides in the reactions, that uses three glucose 
=-6-phosphates for the total synthesis of NADPH, two glucose 
equivalents and one equivalent of glyceraldehyde 3-phosphate. It 
is being composed of two phases: irreversible and reversible.

The first one delivers the NADPH and leads to the 
decarboxylation of the hexoses to ribulose-5-phosphate, which 
starts the reversible phase. The second part of the pentose-
phosphate pathway is reversibly catalyzed by aldolase-the enzyme 
transferring three-carbon fragments of the phospho-sugars 
and ketolase-the enzyme transferring two-carbon fragments 
of sugars. The aim of the second phase is the reconstitution of 

glycolysis-associated carbohydrates-fructose-6-phosphate and 
glyceraldehyde-3-phosphate [9,10]. Curiously, the intermediate-
product of the pathway-xylulose-5-phosphate is regulating the 
CREBP (carbohydrate response element-binding protein)-the 
transactivator for the glucose-related enzymes, thus cross-linking 
pentose phosphate pathway with glycolysis and Krebs cycle [11].

The acetyl group-formed in the pyruvate decarboxylation 
reaction, is being oxidized in the mitochondria to the carbon 
dioxide in the process known as the Krebs cycle. The cycle involves 
the addition reaction of acetyl-CoA into oxalate, leading to the 
formation of citric acid. The acid isomerizes and forms isocitrate, 
that undergoes the decarboxylation to the α-ketoglutarate with 
the simultaneous formation of NADH. The last compound reacts 
with Coenzyme A and NAD+ in the reaction that leads to the 
decarboxylation to succinyl-CoA and NADH. Then occurs the 
formation of GTP and the formation of succinate. The compound 
is being dehydrogenized by the enzyme involving FAD for its 
functioning. Thus, FADH2 is being synthesized. Then the addition 
of water molecule occurs and malate forms. The last molecule 
loses the electrons and hydrogen from the carbon associated with 
a hydroxyl group and oxaloacetate forms. This ends the cycle and 
another Acetyl-CoA can undergo the Krebs cycle [12].

The energy from the cycle comes from the high-energy 
nucleotide molecules-NADH and FADH2. These are the cofactors 
of the enzymes associated with the electrons transport chain in 
the inner mitochondrial membrane [13]. The system is being 
composed of three complex proteins-complex I, III and IV in the 
membrane and one soluble-complex II. Two low mass molecules 
carry the electrons from one protein complex to the other. 
Coenzyme Q-a terpene lipophilic molecule transfers two electrons 
in one carrier from complex I to complex III. Cytochrome c - a 
low-mass protein transports one electron at once from complex 
III to complex IV. Complex II is the succinate dehydrogenase-the 
enzyme responsible for the dehydrogenation in the Krebs cycle. 
Each of the membrane-associated complexes has the ability of 
protons transfer throughout the inner mitochondrial membrane 
to the periplasmatic region, increasing the concentration of the 
hydrogen cations in the compartment.

The ions flow is an active-energy-demanding process, that 
uses the energy from the electrons flow in the chain. Eventually, the 
electrons are being transferred to the oxygen molecule and water 
is being formed. The energy accumulated in the potential energy 
across the membrane is being used to produce ATP in the process 
catalyzed by ATP synthase. The enzyme consists of the rotor and 
the transmembrane channel connected. The inflow of the H+ ions 
to the inner mitochondrial compartment leads to the rotation of 
the rotor and simultaneous release of ATP into the periplasmatic 
compartment. Then ATP is being delivered to the cytoplasm by 
the nucleotide transporter in the outer mitochondrial membrane. 
The process of ATP formation with the use of the electron transfer 
chain is being called oxidative phosphorylation [14,15].
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Oncometabolites

Oncometabolites is the term referred to the products of glucose 
metabolism, that has been altered by cancer. Abnormalities 
in metabolic processes are the result of mutations in genes 
encoding enzymes participating, among others, in the Krebs 
cycle (e.g. isocitrate dehydrogenase, succinate dehydrogenase) 
[16,17]. These compounds possess oncogenic capabilities and can 
accelerate tumorigenesis by the switch in cell phenotype [18,19]. 
Moreover, the cancer-related molecules can increase the rate of 
epithelial-mesenchymal transition (EMT) as well as contribute 
to the epigenetic dysregulation of the metabolism of the cells 
increasing the changes in cancer cells [20-22]. Importantly, EMT 
is a factor that increases the invasiveness of cancer cells and the 
possibility of infiltrating healthy tissues and promoting metastasis 
[22].

The pro-oncogenic functions of the molecules rise from 
interfering several biochemical pathways and therefore cellular 
processes. One of the most prominent factors, owing to the cancer 
transformation of the cells is the ability of the oncometabolites 
to decrease the cellular concentration of α-ketoglutarate, thus 
interfering the α-ketoglutarate dependent dioxygenases, like the 
ones engaged in proteins hydroxylation in collagen or L-carnitine 
biosynthesis [23-26]. Moreover, the enzymes are also responsible 
for epigenetic transitions, by catalyzing the methylation of 
DNA and histones [16,24,25]. In the case of this study, the most 
important seems to be their role as the energy sensors of the cell’s 
metabolism. The ability leads to the further dysregulation of the 
cell undergoing cancer transformation.

Interestingly, the oncometabolites does not only mean the 
different compounds to the ones found in the normal cell, but 
rather the improper concentrations of the naturally occurring 
ones [17]. For example, L-2-hydroxyglutarate is mostly not 
abundant in normal cells, but fumarate and succinate are the 
standard components of the Krebs cycle-only in their inadequate 

concentration they are referred to as oncometabolites. The most 
abundant alternations, leading to their biosynthesis, include a 
mutation in genes IDH1, IDH2 (responsible for the biosynthesis of 
mutated isocitrate dehydrogenase) [27] or inactivating mutations 
in SDH and FH (encoding enzymes: succinate dehydrogenase and 
fumarate hydrolase) [16,17].

Mechanism of oncometabolites action in the cell involves 
their interference into several metabolic pathways. At first, the 
accumulation of succinate and fumarate lowers the concentration 
of Krebs cycle’s substrates and thus the cell remains in the state 
called pseudo-hypoxia [28]. The state leads to the acceleration 
in the glycolysis and lowering of the Krebs cycle rate [29]. 
The usage of the oxygen increases, leading to the insufficient 
oxygenation of the tissue. The hypoxia induces the mechanisms 
of neovascularization mediated by HIF-α factor-the cancer tissue 
increases the blood flow through the tumour and increases 
the chances of metastasis [30,31]. Another study showed that 
succinate at low concentrations (up to 200μM) promotes the 
tumour angiogenesis, by increasing the amount of VEGF, in the 
way not associated with HIF-1α [32].

The increased blood flow can also meet the generally 
high demands for glucose for the tumour growth. The role of 
oncometabolites in the regulation of tumour microenvironment 
also involves a decrease in T-lymphocytes responsiveness [33]. 
By increasing the acidic pH, the lactate acid and adenosine 
intracellular concentrations and by the decrease of intracellular 
glucose, the lymphocytes undergo reprogramming and the attack 
to the cancer cells is attenuated [34,35]. Besides, lower pH leads 
to a decrease in cytokine production [36]. The increase in lactate 
concentration leads also to the differentiation of the monocytes 
from the blood flow into M2 pro-cancerous macrophages in the 
tissues. The macrophages elevate the rate of tumour development 
by secreting immunocompromising interleukins, like IL-10 and 
TGF-β, thus further decreasing the potency of the immune system 
towards neoplasms [37] (Figure 1).

Figure 1: Oncometabolite’s effects.
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Interesting seems to be the role of systemic hyperglycemia 
in the formation of the oncometabolites [38]. Like the cancer-
associated decrease of oxaloacetate concentration for the Krebs 
cycle to occur, the elevated concentration of exogenous sugars also 
decreases the oxygen-dependent glucose catabolism by increasing 
the general concentration of the reduced nucleotides (NADH and 

FADH2). This condition is caused by an increase of NADH and 
FADH2 production in the glycolysis pathway that occurs in a state 
of hyperglycemia. The accumulation of the electron’s transporters 
leads to the lack of its free units obligatory for the Krebs cycle to 
work [39] (Table 1).

Table 1: Oncometabolites overview.

Oncometabolite Function References

Succinate Increased Asp biosynthesis; succination [40][18]

Fumarate Arginosuccinate accumulation; GPx, NF-kB, NRF2 (redox signalling) and ABL-1 activation; 
increased heme synthesis; urea cycle activity increase; nucleotides synthesis acceleration; [41,42]

D-2-hydroxyglutarate
PDGFRA activation and ATP Synthase inhibition, 2-ketoglutarate dependent dioxygenases 

inhibition – epigenetic dysregulation and pseudohypoxia response; epithelial-mesenchymal 
transition; ferroptosis sensitization

[25,43,44]

L-2-hydroxyglutarate HIF-1α stabilization and epigenetic changes in DNA [45]

Warburg Effect

The almost total decrease of substrates flow through the 
Krebs cycle and the improperly elevated rate of glycolysis was 
called Warburg’s effect-in memorial of Otto Warburg-the first 
researcher who described the process in detail [46]. The process 
generates loads of lactate while diminishing the mitochondrial 
activity [46,47]. Afterwards the biosynthesis, lactate is being 
transported throughout the plasma membrane and delivered to 
cancer’s microenvironment via monocarboxylate transporters 
[48]. In normal cells, the pyruvate is not excreted, due to the 
fact, that its further metabolism continues in mitochondria. 
Curiously, pyruvate is an antioxidant, that helps to regulate 
cell’s redox potential. Moreover, by the increased Krebs cycle in 
normal cells in comparison to the cancerous, more NADH is being 
formed. The electrons from the nucleotide may be transferred by 
transhydrogenase into NADP+, forming NADPH-a substrate for 
glutathione reductase, the enzyme responsible for the reduction of 
disulfide bonds of the cell’s proteins and therefore acting against 
the oxidative stress [49].

Even though the cancer cells seem to be trapped in the 
oxidative stress damage, it only remains elevated without causing 
fatal damage to them. This plateau effect of highly elevated level 
of oxidants in the cytoplasm is caused by the hexokinase II, the 
cancer-related enzyme, responsible for the initiation of glucose 
metabolism by the phosphorylation of the sugar. Thus, Glucose-
6-phosphate accumulated in the cytoplasm, cannot be extensively 
metabolized by glycolysis but undergoes pentose phosphate shunt 
[50]. The pathway leads to the production of NADPH and the 
activity of glutathione reductase. However, the levels of NADPH 
in the cytoplasm remains at a lower level than compared to the 
normal cells, due to the high NADPH-consuming ribonucleotides 
reduction for the synthesis of DNA and proliferation [51].

The enzymes involved in the Warburg effect could be divided 
by the metabolic pathway from which they derive. From the Krebs 

cycle, the enzymes changed by cancer are aconitase, isocitrate 
dehydrogenase, succinate dehydrogenase and fumarate hydrolase 
[52]. The enzymes lead to the accumulation of respectively 
isocitrate, α-ketoglutarate, fumarate and malate-each of which 
increases the pro-oncogenic process in a different way, but mostly 
through the decrease of free oxaloacetate molecules, inhibiting 
the Krebs cycle from starting [53]. In pentose phosphate shunt, 
only the enzymes from the irreversible phase are responsible 
for the increased substrates flow rate through this metabolic 
pathway. These include glucose-6-phosphate dehydrogenase, 
6-phosphogluconate dehydrogenase, ribose-5-phosphate 
isomerase and ribulose-5-phosphate-3-epimerase.

This causes the up production of substrates for the reversible 
part of the pentose phosphate pathway, thus leading to the 
production of ribose for the synthesis of the nucleic acid as 
well as NADPH for the reduction of the ribonucleotides into 
deoxyribonucleotides [54]. Curiously, the metabolism of the 
amino acids is altered in cancer cells as well. The most important 
amino acid, which uptake is upregulated in various cancer cells is 
glutamine [55,56]. Being responsible for the inner mitochondrial 
membrane integrity, the increase in the non-essential amino 
acid could be considered as a biomarker of cancer cell [57]. The 
other amino acids, which levels are altered in cancer tissue are 
glycine, serine, isoleucine, leucine, and valine [58], which can be 
caused by the use of amino acids such as glycine and serine in 
gluconeogenesis [59]. It is not fully understood why some amino 
acids have elevated concentration in cancer tissue.

It is being hypothesized that their high content in cancer 
tissue is relevant to the high protein production in cancer, thus 
the cells must gather their high level to maintain the elevated 
protein’s production rate. Lipid metabolism is also altered in 
cancer cells as well. The increased biosynthesis of the fatty acids is 
mainly caused by the upregulation in ATP-citrate lyase (ACL). The 
enzyme is responsible for linkage of Krebs cycle and fatty acids 
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production by the delivery of acetyl-CoA group from citrate to the 
acetyl-CoA carboxylase-the rate-limiting enzyme of fatty acids 
synthesis [60,61]. Therefore, a decrease in ACL activity leads to 
impaired lipid synthesis, which contributes to the reduction of the 
risk of tumour development [62]. The elevated level of fatty acids 
is important in cancer cells that rely on the mitochondrial fatty 
acids’ oxidation.

The benefits of the process over the anaerobic glycolysis are 
the increased ATP production and the production of NADH with 
FADH2 [63]. In this place could be observed the crosstalk between 
the cytoplasmic and mitochondrial metabolism. In some cancer 
cells, the fatty acid synthase is highly elevated [64,65] and in the 
other, the fatty acid oxidation level is increased [66]. However, 
only the types of cancer, relying on the fatty acid’s biosynthesis are 
considered to have the low level of mitochondrial activity [67,68]. 
At this point, there is the distinguish between the cells that use 
Krebs cycle to maintain high ATP levels and the cells, that rely on 
the glycolysis with its benefits in epigenetic transformation in 
cancer and high level of NADPH production, via pentose phosphate 
shunt, for the nucleotides production. The difference could be 
based on the physiological state of the cancer cell, depending if 

the cell needs more energy or the benefits of oncometabolites 
production.

The Warburg effect is the cause of many false conclusions 
in the therapy as well as in science. For instance, much in vitro 
research is based on MTT test, that directly measures the activity 
of mitochondrial dehydrogenases [69], not the adequate analysis 
of the results may potentially lead to the conclusion, that cells 
without the mitochondrial activity are mostly dead. However, by 
comparing the results from MTT to the ones obtained with flow 
cytometry apoptosis/necrosis studies, there could be stated 
that the cells are viable, but does not exhibit any mitochondrial 
dehydrogenases activity. The effect has been widely investigated 
and eventually proven to be caused by the cellular reprogramming 
to the hypoxic conditions of the early phases of the tumour growth. 
From the clinical point of view, the Warburg effect lies based on 
PET scan imaging. In this method, the tumour could be localized 
by the imaging of the radioactive conjugated glucose uptake in the 
body [70]. Due to the low efficiency of glycolysis in comparison to 
the Krebs cycle-2 ATP versus 38 ATP, the cancer cells uptake more 
glucose than the others [71] (Figure 2).

Figure 2: Warburg effect.

Reverse warburg effect

Reverse Warburg effect is the condition in which the fibroblasts 
associated with the cancer microenvironment establish the 
metabolic symbiosis with the cancer cells. The neoplasm releases 
the reactive oxygen species to the stroma of the tumour, which 
stimulates the glycolysis in the fibroblasts, that subsequently 
synthesizes the fatty acids, ketone bodies and lactate [72]. The last 
one is being transported through the MCT-4 transporter into the 
extracellular compartment [73]. Furthermore, MCT-4 expression 
assessment can be used to predict survival in breast cancer. 
The increased level of this transporter is associated with worse 
prognosis [74]. From there cancer cells absorb the lactate with the 
use of MCT-1 transporter. Further, the lactate is being used in the 

NADH synthesis and after conversion to acetyl-CoA, undergoes the 
mitochondrial metabolism, leading to the ATP production.

The whole sequence leads to the decrease in aerobic 
metabolism in stromal cells and the increase of the mitochondrial 
metabolism in cancer [75-77]. The increase of ROS-associated 
stress in stromal cells also leads to the activation of the NF-kB 
factor, therefore promoting the inflammation. Oxidative stress 
leads to the upregulation of HIF-1α. Its elevated levels induce the 
nitric oxide synthase expression (NOS) and therefore promotes 
the vasodilation, meaning the higher blood-derived substance flow 
into the tumour. The factor, responsible for neovascularization, 
causes changes in the tumour stroma by increasing autophagy 
and lysosomal degradation of the cellular components. The 

http://dx.doi.org/10.19080/OMCIJ.2020.09.555771


Organic and Medicinal Chemistry International Journal 

How to cite this article: Wojciech S, Kamila W, Aleksander K, Aleksandra Z, Jolanta S, et al. Connection between Warburg Effect and Oncometabolites 
Biosynthesis with its Clinical Implications. Organic & Medicinal Chem IJ. 2020; 9(5): 555771. DOI: 10.19080/OMCIJ.2020.09.555771.

00126

degradation also relates to the loss of stromal caveolin-1, that 
is responsible for the suppression of tumour progression and 
is being the negative regulator of the Ras kinase cascade. Thus, 

its loss promotes tumour growth and increases the supplies of 
oxygen to the cancer tissue [76,78] (Figure 3).

Figure 3: Reverse Warburg effect.

The relationship between the Warburg effect and 
oncometabolites

Even though the variety of changes among cancer cells is 
huge, generally all this leads to the same point. The aspects which 
combine all these processes is the increased lactate concentration 
in the cancer cells. This could be achieved in two ways, by the 
increased glycolysis with the reduced Krebs cycle rate or by the 
induction of tumour-associated fibroblasts to production and 
secretion of lactate (reverse Warburg effect) [79]. The further 
important point in the pro-oncogenic process is the synthesis of 
the oncometabolites, each of which has its characteristics but in 
general, these promote the cancer progression as well [18]. The 
third metabolic property of neoplasm is the accumulation or 
biosynthesis of the macromolecules’ building blocks, like amino 
acids.

The process that differs the cancer cells is the rate of oxidative 
phosphorylation. When the excess of fatty acids is β-oxidized, 
the OXPHOS remains increased [80]. However, in a case when 
the pentose phosphate shunt rate is increased, some part of 
NADH is being transformed by transhydrogenase into NAD+ 
to form NADPH-used for ribonucleotides reduction and DNA’s 
components formation [68]. Thus, the OXPHOS rate slightly 
decreases in comparison to the oxidation of the fatty acids [81]. 
Another difference between cancers is the source of the lactate in 
the cytoplasm. Some increase the glycolysis rate, increasing the 
endogenous lactate level and the others use the reverse Warburg 
effect, increasing the exogenous lactate levels [74].

All the metabolic changes lead to cancer progression and 
tumour development by changing the genetic program to the 
rapid proliferation and providing the molecules needed for the 
process [82]. The changes also involve the inhibition of specific 
immune response and the induction of inflammation process in 

the tumour environment [83].

Clinical Application

The regulation of glucose metabolism is nowadays a 
sufficient method of controlling cancer growth and progression. 
Several chemotherapeutics-analogues of glucose metabolism 
intermediates can effectively inhibit specific glucose metabolism 
pathways. The initial step of the glucose uptake by GLUT-1 
can be caused by phloretin or quercetin [84]. Novel drugs like 
WZB117 and STF31 are nowadays tested in clinical tests [85]. 
The phosphorylation of the cytoplasmic glucose by hexokinase 
could be inhibited with 3-bromopyruvate [84,86]. Further steps 
of glycolysis, like the reaction catalyzed by phosphofructokinase, 
could be deprived with the novel small-molecule drugs, such 
as 3PO or more potent PFK15 [87]. Treatment of cancer with 
combination therapy with PFK15 and metformin seems to be 
promising, positive results were obtained in studies on multiple 
myeloma cells [88].

Not only the enzymes directly involved in the glucose 
metabolism can be inhibited, but also the regulatory enzymes 
are a proper target for the cancer pharmacotherapy. The most 
prominent example is the inhibition of pyruvate dehydrogenase 
kinase with dichloroacetate [89,90]. There could also be found 
drugs that selectively inhibit the lactate biosynthesis and thus 
decreasing the phenotypic expression of cancer hallmarks. 
These include the inhibitors of lactate dehydrogenase, like oxalic 
acid or NHI1 [91,92]. Aside from the direct inhibition of glucose 
metabolism, there could be inhibited the enzymes involved in the 
downstream effects of glucose metabolism. For instance, HIF-1α 
can be destabilized using digoxin or the pyrimidine biosynthesis 
rate could be decreased with leflunomide [93]. Attempts are also 
being made to modify the mutated forms of the IDH1 and IDH2 
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enzymes. Several pharmacological substances such as AGI-5198 
and AG-221 (Enasidenib) are under study. AGI-5198, which is 

an IDH1 inhibitor, reduces the level of D-2-hydroxyglutarate and 
inhibits the growth of glioma [94] (Figure 4).

Figure 4: Clinical inhibition of Warburg effect and oncometabolites biosynthesis. 

Conclusion

By the production of oncometabolites, cancer enables the 
tumour progression. Due to the induction of neovascularization, 
alternations in redox potential, cooperation with the tumour-
stromal cells and the accumulation of energy sources and building 
blocks, cancer overcomes the difficulties set by the immune 
system of the affected organism and the genetically programmed 
inhibition of mitosis and thus can develop. However, the 
advancement in molecular biology, drug design and clinical efforts 
deliver new chemotherapeutics, that could inhibit the pathological 
process. The only matter is to deeply understand the process one 
aims to target.
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