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Abstract 
Complex and late stage cancer patients are in need of novel methods of selecting and administer-
ing chemotherapy particularly for those patients who are refractory to current treatment methods. 
The use of biomarkers to enhance decision making with regard to the molecular profile of a per-
son’s cancer is becoming more important in the practice of oncology. The standard for the last 
several decades is to elect chemotherapeutic agents based on staging and histological identifica-
tion of the primary cancer site alone versus utilizing the genetic and molecular profile information 
along with histological primary cancer site and staging to select chemotherapy regimens. Cancers 
are caused by mutations that occur within cells and therefore selecting treatment based on muta-
tions and not primary cancer site alone can provide advantages that may have gone overlooked. 
As time progresses, more biomarkers continue to be discovered which can lead to more targets for 
drugs either currently on the market or clinical trials. In addition to advancements made in the 
progression of cancer treatment with utilizing molecular profiles effectively, there are other the-
rapeutic strategies that have been postulated as advanced effective ways to administer chemo-
therapy. These strategies provide chemotherapy to patients while fasting, giving insulin or other 
biological response modifiers adjunctively prior to chemotherapy for enhanced targeting, and 
giving chemotherapy in micro-doses to allow for increased frequency of administration and the 
utilization of multiple targeted chemotherapeutic agents concurrently. In this paper we will dis-
cuss these topics and explain their benefits in addition to the evidence that supports these treat-
ments. A review on biomarkers and cancer cell metabolism is discussed as it relates to providing a 
framework for what constitutes a biomarker in addition to what metabolic processes are related 
to fasting and administering insulin with chemotherapy. The information provided in this docu-
ment is designed to illuminate and provide evidence for various methodologies that are under-
served in the treatment of cancer. 
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1. Introduction 
Advances in treating cancer have been blooming over the past decade, often predicated from breakthroughs in 
molecular genetics including the sequence of the human genome. With all of the advancements in cancer research, 
patients are becoming more optimistic even though the results of standard cancer treatments have not significantly 
improved. Out of a 1193 patient cohort with Stage IV cancer, about 69% of patients with lung cancer and 81% 
with colorectal cancer did not understand that chemotherapy is almost certainly ineffective for them [1]. New 
methodologies including the use of molecular profiles developed from the discovery of biomarkers and their as-
sociations with the selection of chemotherapies are starting to take flight in current cancer treatment. Although 
these methodologies are promising, the scientific community is still scrambling to find ways to improve the se-
lection of drugs, deal with the complication of drug approval process, in addition to creating new novel forms for 
the treatment of cancer and making them available to the much needed patient base that is often not given good 
viable options to improve and extend life and quality of life. 

The biology of cancer is complex and should be considered in a case by case basis with regard to treatment. 
Cancer treatments should be as unique as the individual that is being treated. However, there are strategies a 
physician can implement to enhance the therapeutic benefit of chemotherapy. The most common is to use mo-
lecular profiles to improve selection of chemotherapeutic agents and target specific known physiological cha-
racteristics of cancer through selecting proper chemotherapy administration techniques. 

In this paper, a background of biomarkers and cancer cellular metabolism with an emphasis on the effect of 
insulin on cancer treatment is used to enhance an understanding of cancer treatment in addition to listing suggested 
drugs to target biomarkers or stages of the cell cycle. This work is not exhausted particularly since studies de-
monstrating enhancement of chemotherapy using insulin shows promise in vivo and in vitro studies but has not 
gone much further in recent clinical investigations. In addition a case is made for why adjunctive insulin shuttling 
deserves further analysis with particular regard to its effect on cancer cell cycle, its potential to enhance drug de-
livery that targets specific stages of the cell cycle, and potentially enhances cell membrane permeability which 
may allow for fractionation of multiple agents. This paper also does not exhaust all the potential genetic, bio-
markers, and molecular profiles available for cancer treatment; however, a list of particular agents with some 
background on the selection of biomarkers is provided. 

1.1. Biomarkers 
Biomarkers are molecular signatures that have characteristics identified by the levels or activities of genes, and 
other features associated with the cell. These biomarkers are either objective measures or something that is asso-
ciated with the evaluation of biological processes or pharmacological reactions to intervention by therapeutics [2]. 
They also include measures of a person’s health by diagnostic testing and imaging technologies. Biomarkers show 
promise in aiding therapeutic decision making in addition to drug metabolism, safety, and efficacy. 

By the year 2020 there is expected to be 16 million new cases of cancer [3]. Cancer itself is a myriad of alte-
rations of genes with regard to mutation and expression that causes uncontrolled proliferation to both somatic and 
germ cells [4]. The three major classes associated with oncogenesis include proto-oncogens, tumor suppressor 
genes, and DNA repair. Epigenetic changes can also occur in normal cells that contribute to oncogenesis largely 
by DNA methylation and unusual patterns associated with histone modifications.  

Establishment of biomarkers in cancer involves comprehending molecular and cellular mechanisms that are 
associated with the initiation of cancer by focusing on changes in regulatory genes or proteins. Although it is 
challenging at times to ascertain this information and relate it to clinical oncology, applying the information to 
guide therapeutics that target biomarkers is possible. First, diagnostic and prognostic biomarkers must be estab-
lished to predict who is at risk and also to diagnose at an early stage. The selection of best treatment from this 
information must also be monitored closely to understand the response of the treatment [5]. Cancer diagnostics 
associated with biomarkers can involve radiological findings to include overall metastatic spread like those seen in 
PET scans in addition to detection of circulating oncogenic antigens like prostate specific antigens among many 
other tumor markers. Genomic information gathered from next generation DNA sequencing, microarrays, and 
mass spectroscopy offer a plethora of potential biomarkers. However, biomarkers are not limited to genomics. 
Information regarding a cancers transcriptome, proteome, and even the metabolome can be processed in tan-
dem. 
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1.2. Cellular Biomarkers 
Circulating tumor cells (CTCs) in advanced stages of cancer and immune cells can serve as biomarkers for 
prognosis in addition to evaluating the cancer progression or effectiveness of therapy. CTCs provide an indication 
of the progression of the cancer where an increased number of CTCs indicate progression while a decrease in 
CTCs point to the effectiveness of the treatment [6] [7]. The effectiveness of a cancer treatment can be assessed by 
the number of CTCs even after the first cycle of therapy. It is important to note that the elimination of CTCs is an 
important benchmark but it does not go as far as indicating the removal of all cancerous cells. Fresh CTCs cultures 
may also have mutations that were not found in the tumor especially if the biomarkers for the tumor were extracted 
months or even years prior to discovering or analyzing biomarkers associated with CTCs. T-regulatory cells 
(T-regs) can be used as an indicator of poor immune response to cancer and even tumor growth when there is a 
high count of T-regs circulating [8] [9]. Lung, pancreatic, breast, liver, and skin cancer patients have been known 
to have high levels of T-regs either circulating or within the tumor itself [8] [10]-[13]. It is important to note that 
high levels of T-reg cells may also be an indication of an infection [14]. 

1.3. Chromosome Based Biomarkers 
It has been well established that aberrant changes in the structure or even numerical aberrations can cause neop-
lastic transformation. Malignant tumors have been found to include hyper-, hypo-, and aneuploidy derivations 
from deviations in from diploid chromosomes [15]. Overexpression of genes has also been documented in ma-
lignant cells, which can also be used to serve as biomarkers [16]. Promising biomarkers found in malignant 
transformation can include somatic mutations and aid in assessing cancer risk [15]. Cancer risk can often be as-
sessed by polymorphisms in particular genes [17] [18]. Transcriptomes of neoplasms can also be used to identify 
(most prominently cancers predicated by epithelial tissue) cancers in the blood [19] [20]. Flow cytometry can be 
used to measure the proliferation status of cells and in particular cancer cells. Histological analysis can comple-
ment work done by flow cytometry by identifying and analyzing the clonal and special heterogeneity of malignant 
tumors [21]. Other molecular biologic techniques can also be used to determine whether or not a cell is rapidly 
multiplying by or more specifically, identify the number of cells in the S phase. 

1.4. Genetic Biomarkers 
Cancer is after all a genetic disease where alterations in genes including oncogenes and tumor suppressor genes 
affect the cells proliferation rate and overall survival. This occurs by either a gain or a loss in function associated 
with oncogenic transformation. Some of these genes can transform to a gene with oncogenic potential by as little 
as a point mutation. Certain nonrandom mutations are known to cause specific kinds of cancers. Gene deletions 
are also very important to consider especially if the gene deletion is associated with a tumor suppressor gene. Such 
deletions can be detected using PCR microsatalite probes on various chromosomes. However, it is important to 
note that random chromosomal abnormalities can also influence morphological changes associated with various 
cancers. Microsatalite instability can be detected via comparison to noncancerous cells for early detection of 
cancer [22] in addition to aiding decision making associated with prognosis and evaluation chemotherapy [23]. 
Mutations that deactivate adenomatous polyposis coli (APC) genes are extremely common in oesophageal ade-
nocarcinoma and squamous cell carcinoma of the oesophagus since APC is an important player in the suppression 
of cancer [24]. Deactivation of APC is also very common in colorectal carcinoma and can lead to polyps that have 
the potential to become cancerous [25]. The commonality of mutations in APC genes and its association with 
cancer is why APC is a common biomarker for various cancers. Detection of these mutations is most commonly 
derived by PCR based tests. 

1.5. Epigenetic Biomarkers 
Epigenetic modifications alter the gene expression within both noncancerous and cancerous cells. Such modifi-
cations have the potential to alter the expression of various genes including tumor suppressor genes. Such mod-
ifications are most commonly associated with methylation of oligonucleotides or by methylating, acetylating, or 
phosphorylating histones which winds the DNA and in term affect the expression of genes [6]. DNA methylation 
occurs on cytosine bases as is the predominate form of DNA augmentation in humans [26]. Both DNA hyper- and 
hypo-methylation are associated with important events in either cancer initiation or progression. The activity of 
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DNA methyltranferase can be altered as a result of genetic events associated with mutation. Such mutations can 
lead to aberrant fluxes in gene regulation respectively that can cause genetic instability and in the case of hypo- 
methylation can lead to stronger gene expression [27]. It is also important to note that hyper-methylation has the 
opposite effect with regard to gene regulation; specifically with regard to silencing tumor suppressor genes that 
has a similar effect as a mutation would with regard to oncogenesis. Genes associated with control of the cell cycle 
and apoptosis have the potential to be shut down by hyper-methylation. Cell cycle control and apoptosis involve a 
plethora of genes that if shut down could lead to various cancers. Detection of hyper-methylation as a biomarker 
can be used to predict whether a cancer is likely to become recurrent and even the cancer’s likelihood of becoming 
metastatic. In the case of lung cancer, hyper-methylation of the cells found in sputum has potential to act as a 
noninvasive early warning of a smoker’s likelihood of developing lung cancer. O6-methylguanine-DNA me-
thyltransferase (MGMT) gene methylation signals resistance to alkylating agents but also can signal that the si-
lencing of this gene in malignant glioma cells will respond better to therapy [18]. Although treatment of epigenetic 
disorders in cancer may involve the use of drugs that reverse DNA methylation and histone acetylation, particularly 
in lymphoma and leukemia drug therapy, the options for treating epigenetic causes of cancer are still very limited. 

1.6. Cancer Antigens as Biomarkers 
In the previous sections we have focused on the genome and the epigenome as biomarkers of cancer. The pro- 
teome itself is involved in virtually every cellular process that occurs in cancer cells, the tumor microenvironment, 
in addition to how cancer interacts with noncancerous cells. Cancer cells are known for secreting proteins and 
other macromolecules which can be used as biomarkers. There are a vast array of diverse antigen based bio-
markers in a single cancer type that can be multiplied by the number of unique cancer cells. Much like the genomic 
analysis associated with biomarkers, there are too many antigenic biomarkers to discuss in one paper. In addition 
to antigens of the cancer cell itself, antibodies can be used to determine whether its compliment is found some-
where in the body. Proteomic analysis is not limited to proteins excreted from cancer cells or even on the cell 
surface since there are many enzymes and proteins that are found in excess within cancer cells. Although high 
levels of heat shock protein (HSP) are indicative of cancer cells, the high levels themselves cannot be used for 
diagnostics. Also, high levels of insulin receptors are common among cancer cells, particularly due to the Warburg 
effect. Excess insulin receptors, like HSP, cannot be used for diagnostics. 

1.7. Metabolic Biomarkers 
Glucose metabolism, with an emphasis on the Warburg effect, can be used as a biomarker. This mechanism in-
volving the shift from oxidative phosphorylation to glycolosis requires more glucose to produce ATP, particularly 
for rapidly growing cells like cancer. For these reasons, a bioenergetic index of the cell (BEC) has the potential to 
for both the classification, prognosis, and the cancer cells response to various therapy [28]. Glucose analogs la-
beled with Fluorine 18 can be used in conjunction with positron emission tomography (PET) to localize regions 
where a tumor is growing inside the body [29]. FDG-PET can be used to determine the extent of which glucose is 
being metabolized in a cancer cell which correlates to the extent of the cancer’s malignancy where high glucose 
metabolism is related to a worse prognosis [30]. The process involves the administration of radiolabeled glucose 
that can be picked up to view specific regions in the body where cancer is present. A reduction in the amount of 
glucose a cancer cell is taking up after treatment with chemotherapy is an indicator of a positive outcome for the 
patient [31] [32]. For this reason, the cancer’s utilization of glucose can be used as a metabolic biomarker in the 
diagnosis, prognosis, and to the response that tumors have when exposed to chemotherapy [33].  

2. Molecular Profiling and Selection of Chemotherapy 
Molecular profiling is essentially the culmination of characteristics associated with multiple biomarkers asso-
ciated with either the individual or the cancer itself. The biomarkers included in molecular profiles often involve 
genomic, epigenomics, and proteomics typically associated with a disease including cancer. Molecular profiles of 
cancer are available commercially for cancer types in order to enhance the use of chemotherapy by listing possible 
drugs and their drug targets associated with various biomarkers. These companies often use different protocols, 
machines, total number of targets in addition to different targets. These companies may also suggest different 
treatments for a particular biomarker associated with cancer. Although the field of molecular profiling and 
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competition is growing rapidly, the effect of having the molecular profiles of patients is still relatively new but 
very promising. 

Drug selection is made easier with molecular profiling (Table 1). Previously, and to an extent presently, cancers 
were partitioned into categories and subcategories involving anatomic site of origin, clinical behavior, and his-
topathological appearance [34]. To this day, clinical trials are conducted on patients based on their categories and 
subcategories of cancers rather than clinical trials on their molecular profiling; therefore the drugs are adminis-
tered on patients based on superficial reasons where only a fraction of the population responds to the drug. This 
has led to physicians administering chemotherapy with a marginal rate of success to patients that are not likely to 
respond well to the treatment. Tragically this has led to many patients being treated with toxic drugs that cause 
severe side effects with little tumor response. 

 
Table 1. The following is a list of drugs that have a greater likelihood of working in the presence of a particular biomarker as an 
example of how a physician might make a decision in the selection process.                                         

Agents Tests Reference 

Tamoxifen, 
Toremifene, 
Fulvestrant, 
Letrozole, 

Anastrozole, 
Exemestane, 

Megestrol Acetate, 
Leuprolide, and Goserelin 

ER [35]-[43] 

PR [35]-[41] [44] [45] 

Fluorouracil, Capecitabine, and Pemetrexed TS [46]-[48] 

Paclitaxel, Docetaxel, and Nab-Paclitaxel 

PGP [49] [50] 

SPARC Monoclonal [51] [52] 

SPARC Polyclonal [51] [52] 

TUBB 3 [53]-[56] 

TLE3 [57] 

Gemcitabine RRM1 [58] 

Irinotecan TOPO1 [59]-[61] 

Everolimus and Temsirolimus 

ER [62]-[64] 

Her2/Neu [61] [63]-[65] 

PIK3CA [66]-[68] 

Imatinib 
c-KIT [69] [70] 

PDGFRA [71]-[73] 

Vandetanib RET [74] 

Doxorubicin, Liposomal-Doxorubicin, and Epirubicin 

Her2/Neu [75] [76] 

PGP [77] [78] 

TOP2A [79] [80] 

Erlotinib and Gefitibib PTEN [81] 

Trastuzumab, Pertuzumab, and Ado-trastuzumab Emtansine (T-DM1) Her2/Neu [62] [82]-[87] 

Lapatinib Her2/Neu [88]-[90] 

Temozolomide and dacarbazine MGMT [91] [92] 

Docetaxel and Paclitaxel 

PGP [49] [50] 

TLE3 [57] 

TUBB 3 [53]-[56] 
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Selection of biomarkers should target biomarkers that the cancer may be “addicted” to. Although a molecular 
profile can reveal a plethora of biomarkers that could be used in conjunction with chemotherapy, the biomarkers 
are not alike. Some targets are far more necessary for the cancer’s growth and survival than others. It is also 
important to note that some chemotherapies target the mode of the mutation by targeting mechanisms associated 
with an increased rate of mutation and although the cancer may not be addicted to the mutation, it is an important 
target for reducing the likelihood of further metastasis. 

2.1. Biochemistry of Normal and Cancer Cells 
The biochemistry of normal resting cells energy demand relies typically from glucose entering glycolysis, where it 
transformed into pyruvate, which is then oxidized to become ATP. During normoxic conditions, a single glucose 
molecule is oxidized in glycolysis and becomes two molecules of pyruvate before entering the mitochondria. This 
is where pyruvate is decarboxylated by pyruvate dehydrogenase (PDH) to become acetyl-CoA which enters the 
TCA cycle. Under these normoxic conditions, 36 ATP molecules are created with respect to only one molecule of 
glucose. However, in conditions of hypoxia and anoxia, the cell has the capacity to generate two ATP molecules 
by respectively diverting pyruvate away from oxidative phosphorylation. In this biochemical pathway, one glu-
cose molecule will still produce two molecules of pyruvate. However, unlike the aforementioned pathway of 
oxidative phosphorylation, the pyruvate is converted into lactate by lactate dehydrogenase (LDH) within the cy-
tosol and will result in the formation of only two ATP molecules. This process also creates additional NAD+ 
which is essential for glycolysis. 

When cells transform to rapidly growing malignant tumor cells the demand for energy changes with regard to 
its biosynthetic precursors. This change involves a switch from oxidative phosphorylation, which occurs at a 
lower rate and is associated with the oxidation of pyruvate via the TCA cycle, to a higher rate of glycolysis and 
lactic acid production. This process occurs in aerobic conditions and is associated with high glycolytic rate in 
addition to high glucose dependency. This phenomenon is known as the Warburg effect named after Otto Warburg 
[93]. He presented evidence suggesting that cancer cells produce lactate from glucose under normoxic conditions 
[93]-[95]. The Warburg effect should not be confused with his work in photosynthesis where Warburg and col-
leagues described the inhibitory effects of O2 on photosynthesis where O2 is a competitive inhibitor of CO2 during 
carbon fixation in addition to the effect of O2 on photorespiration [96], which is also known as the Warburg effect. 

There are two pathways for cytosolic pyruvate generated by glycolysis depending on whether the cells are in 
aerobic or anaerobic conditions. The first pathway comes from aerobic conditions where pyruvate is taken up by 
the mitochondria and enters Kreb’s cycle. During anaerobic or hypoxia conditions, much like what occurs in 
during muscle contractions, pyruvate does not have the capacity to be oxidized further due to lack of available 
oxygen. This results in pyruvate being reduced to form lactate. Rapidly growing cancer cells use the latter ap-
proach and in turn become more dependent on the consumption of glucose. The high glycolytic rate in which 
cancer cells consume glucose during the Warburg effect meets the requirements for rapid cell division with its 
association in the production of nucleotides and amino acids. Acetyl CoA is also produced through ATP citrate 
lyase (ACL) in the cytosol and is associated with the production of fatty acids for cellular membranes. 

2.2. Effect of Fasting on Cancer Development 
Cancer cells that are not capable of retrieving key nutrients like glucose have been experimented in animal studies 
and in vitro have an effect on cancer cell growth. Cycles of starvation have been shown to be as effective as 
chemotherapeutic agents in reducing or delaying the progression of tumors [97]. Fasting also increases the ef-
fectiveness of various drugs associated with glioma, breast cancer cells, and melanoma [97]. The fasting in mul-
tiple cycles enhance differential stress sensitizing in various tumors which has the potential to augment or replace 
the effectiveness of some chemotherapies in the treatment of a variety of cancers [97]. 

2.3. Insulin Receptor 
Cancer cells obtain glucose much the same way as other cells in the human body; just more of it. A significant 
amount of attention to the manner of which glucose enters the cell begins with insulin and insulin receptor (IR) or 
insulin and IGF1 receptor (IGF1R) binding. The binding of insulin to either one of these receptors initiates a 
complex cascade of biochemical reactions which eventually leads to the induction of GLUT4, intercellular 
translocation of GLUT 4 to the plasma membrane [98] [99], and the channel for which GLUT4 allows glucose to 
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enter the cell.  
In cancer cells, the deregulation of expression of Insulin Growth Factor 1 Receptor (IGF1R) may have a role in 

cancer progression in addition to resistance of treatment. Insulin Receptors (IRs) are also overexpressed in 
malignant cells that can either reach or exceed physiological expression levels compared to liver or adipose 
tissue [100] [101]. Various mechanisms that include splicing alterations of the IR isoform A causes an in-
crease in binding affinity for IGF, thus altering the functional specificity of the IR signaling in the presence of 
insulin.  

As mentioned above, GLUT 4 translocation is triggered by the binding of insulin to the IR. However, other 
biochemical effects are initiated by the binding of insulin to IR. The cascade of biochemical interactions includes 
the primary cascade involving the PI3K signaling pathway. In addition to that pathway, the activation of MAPK 
cascade associated with the mitogenic effects in addition to mediating cellular proliferation and respectively 
survival are both associated with the mTOR/p70S6K pathway which is also associated with cellular survival, cell 
growth, and metabolism. It is important to note that different cells use different pathways to proliferate and some 
pathways are used in particular cancer cells more than others; particularly in different stages of development. This 
underlines cells ability to preferentially activate specific signals depending on many variables that affect the 
overall metabolic and mitogenic effect of IR. It is also important to highlight that these metabolic pathways in-
teract with each other which makes the IR signaling even more complex. 

2.4. Cancer Cell Cycle 
A critical regulator of the cellular proliferation and growth in addition to cellular division after damaged DNA is 
the cell cycle. The cell cycle respectively controls the transition from quiescence (G0) to cellular proliferation. It 
accomplishes this through various checkpoints to ensure the fidelity transcription. The mechanism itself involves 
four phases including the DNA synthesis or the S phase, Mitosis also known as the M phase, and the G1 and G2 
phases. CDKs complex with cyclins are the driving force between phases of the cell cycle. It is important to note 
that there are inhibitory proteins known as CDK inhibitors that are negative regulators of the cell cycle and es-
sentially prevent the cell from proceeding from one step to the next. Cyclin expression varies in a manner that 
expression patterns of the cyclins and their relative intracellular location is associated with the cell cycle [102] 
[103]. Of these CDKs, CDK1-CDK9 has been identified but some of these CDKs roles’ have not been clearly 
defined. Activation of CDK/cyclin complexes by phosphorylation on specific sites on the CDK by cdk7/cyclin H 
is an important step in the initiation of the cell cycle progression [104]. 

2.5. Cell Cycle 
Using drugs to target cancer cells during various stages in the cell cycle is often based off of the arrest of CDK by 
inhibition that has the potential to induce apoptosis. The majority of oncogenes and tumors-suppressor genes are 
components of a signal transduction pathway that are involved or controls various cellular functions associated 
with cell cycle entry or exit [105] [106]. Loss of checkpoint integrity is a driving force regarding why tumor cells 
are unable to stop during specific points of the cell cycle. This can either be caused by overexpression of cyclins or 
the inactivation of CDKs. CDK inhibitors are novel cancer agents that inhibit CDKs by targeting the catalytic 
subunit or by targeting regulatory pathways that are associated with CDK activity [107]. A significant amount of 
work has gone toward the inhibition of transcription in tumor cells.  

2.6. Insulin and Cell Cycle Progression 
Breast cancer cells and normal mammary cells in culture can both be induced by the mitogen insulin for cellular 
growth [108]-[110]. Breast cancer cells often overexpress insulin receptors [111] [112] which can affect the phe- 
notype of mammary epithelial cells [113] [114]. Down regulation of insulin receptor cells does not occur within 
high concentrations of insulin in breast cancer cells [115] [116]. Insulin receptor-positive breast cancer carries a 
worse prognosis than those with insulin-negative breast cancer tumors [117]. Potentiation of cancer cells grown in 
L-α-lysophosphatidic acid (LPA) in the presence of insulin induces the cellular cycle via the Rho-A-dependent 
activation of cyclin E of MCF-7 breast cancer cells [118]. Insulin enhanced growth is likely caused by the intra-
cellular PI 3 kinase pathway [118]. 
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2.7. Drugs Targeting Cell Cycle 
Cancer is characterized by its abnormal and often uncontrolled growth. The mechanism for chemotherapeutics 
used to combat cancer involves stopping the replication of the cancer cells. Therefore, it is important to keep in 
consideration the cell cycle of cancer when selecting a chemotherapeutic. 

Chemotherapeutic drugs are often injected into the bloodstream where the drug circulates throughout the body 
before reaching cells that are actively dividing. It is important to note that not all tumor cells are in the same stage 
of cellular replication. Some of these cancer cells are in the resting phase where certain chemotherapies are unable 
to destroy them. This is one of the reasons why chemotherapy is often given in cycles.  

There are two predominant classes of chemotherapy which include cell cycle specific or cell cycle nonspecific 
chemotherapy. This means that cell cycle specific drugs only work at certain phases of the cell cycle while cell 
cycle nonspecific drugs can attack cancer at either resting phase or when the cell is actively dividing (Table 2). 
Cell cycle nonspecific includes alkylating agents, nitrosureas, and non-cytotoxic drugs including hormone and 
steroid drugs. Cell cycle nonspecific drugs are often given in a single bolus injection [119]. Conversely cell cycle 
specific drugs can plateau with regard to its cell killing ability. Cell cycle specific drugs include antimetabolites, 
vincaplant alkaloids, and other agents. These drugs are administered in minimized concentrations by continuous 
dosing method [119]. 

2.8. Methotrexate and Insulin 
Insulin increases the potentiation of methotrexate [121]. However, the mechanism for the potentiation increase of 
methotrexate with insulin is unknown. Estradiol was used as a control [121] to see if mitogenic effects were re-
sponsible for the mode of action for the potentiation of methotrexate since estradiol stimulates DNA synthesis and 
cell growth [122]. The results of estradiol in potentiation of methotrexate came back negative which suggest 
another mechanism of action with regard to potentiation of methotrexate [121]. There have been a few hypothesis 
for the mechanism of increased potentiation of methotrexate to insulin. One of which describes the effect on in-
sulin with regard to phospholipid synthesis associated with cellular membrane formation [123]. Since insulin is 
known to stimulate membrane synthesis associated with the increase in the formation of fatty acids, it is possible 
that the effect of insulin increase the overall permeability of the cellular membrane. Membrane fluidity by the 
introduction of insulin has been shown in rat adipocytes prior to membrane purification [124]. 

 
Table 2. Cell cycle specific drugs can be broken down into phases where certain drugs work best at certain phases of the cell 
cycle.                                                                                                  

S Phase M Phase G2 Phase 

Antimetabolites Vinblastine Bleomycin 

Capecotabone Vincristine Irinotecan 

Cytarabine Vinoretbine Mitoxantrone 

Doxorubicin Etoposide Topotecan 

Fludarabine Teniposide G1 Phase 

Floxuridine Docetaxel Asparaginase 

Fluorouracil Paclitaxel Corticosteroids 

Gemcitabine 

[120] 

Hydroyurea 

Mercaptopurine 

Methotrexate 

Prednisone 

Procarbazine 

Thloguanine 



A. J. Smith et al. 
 

 
190 

2.9. Ellipticine and Insulin 
The process of nucleolar RNA processing of 45S into other species in the sequence of ribosomal RNA maturation 
is an essential house-keeping gene [125]. The initiation of DNA synthesis and the completion of G2 phase is in-
hibited by elliptocin with exception to cells that are already in the S phase when exposed to the drug [126]. Similar 
alkaloids are known to break DNA [127] in addition to fostering chromosomal aberrations [128]. This is because 
these kind of drugs are intercalating agents for nucleic acid [129] [130]. Eliptosin potentiation by insulin is post-
ulated to involve insulin stimulation of intermediary metabolic pathways which may cause an intracellular 
build-up of both pyruvic acids and lactic acid in addition to CO2 [131]. The mechanism is in addition to the po-
tential that modulation of membrane via insulin increases drug transport into the cell. 

2.10. Doxorubicin and Insulin 
Anorexia during chemotherapy is a major complication to chemotherapy treatment [132]. Dietary supplementa-
tion and other routes of administering nutritional needs have not improved outcomes of cachexia [133]. During 
experimentation with insulin as a means to treat cachexia induced from chemotherapy, a significantly better 
prognosis occurred with treating patients with insulin and chemotherapy. A significant change in tumor growth 
was seen when comparing doxorubicin with doxorubicin with insulin, suggesting its ability to potentiate dox-
orubicin [134]. Doxorubicin inhibits DNA synthesis by binding to DNA as the primary mechanism for antitumor 
activity [135]. This means that cells in Go phase are resistant to the activity of doxorubicin. The mechanism for 
which insulin potentiates doxorubicin is unknown but it has been postulated to increase the rate of the cell cycle, 
allowing doxorubicin to inhibit the process of cellular growth.  

2.11. Membrane Permeability to Glucose 

Experimentation, with regard to the permeability of glucose across a cellular membrane with and without the 
presence of insulin, has been presented in a manner that controls for action associated with active transport of 
glucose by GLUT-4 associated with stimulation of Insulin receptor sites by insulin by using liposomes comprised 
of phosphatidyl choline bimolecular membranes [136]. In this study, the initial glucose permeability without the 
presence of insulin was several orders of magnitude lower than that of glucose permeability of glucose in red 
blood cells [136]. The liposomes permeability to glucose increased by 150% in the presence of insulin [136]. The 
glucose permeation rate also increased two fold compared to the insulin negative control. As another control, there 
is no increase in glucose permeability when insulin is within the liposome [136]. Comparison between liposomes 
and lipid membranes cannot be readily made, however, this research suggests that insulin may alter the permea-
bility of a lipid bilayer in a similar manner. 

3. Discussion 
The ability to delineate which drug can be used during chemotherapy from the analysis of molecular profiles 
through biomarkers is a significant improvement from the conventional method associated with treating the cancer 
by type and subtype; however, depending on the medication selected, one has the potential to further enhance the 
effects of cancer treatment by various factors. If the target of the chemotherapy is on a particular phase of the 
cancer cell cycle and is in good standing with its molecular profile, we postulate that adjunctive insulin shuttling of 
chemotherapy with fasting as a biological response modifier may increase the overall benefit of the drug. Other 
evidence points to an increase in the cell’s permeability in the presence of insulin. Although significantly more 
research needs to be conducted to differentiate between permeability due to active transport and membrane per-
meability, there is a potential to use insulin as a means of allowing certain drugs to pass through the membrane 
better than just chemotherapy alone. 

Research regarding the increased permeability of glucose in liposomes in the presence of insulin is intriguing. 
Since the discovery of the GLUT 4 channel and its association with insulin, researchers began to focus on me-
chanisms associated with that relationship and stopped pursuing membrane permeability in the presence of insulin. 
One way that researchers might be able to discover the extent of membrane permeability in the presence of insulin 
would be to construct inverted membrane vesicles (IMV) and monitor changes in glucose flux across the mem-
brane. This would eliminate the function of the insulin receptor since it would be pointed inward under these 
circumstances. Data collected from this kind of experiment could be compared with previous experimentation 
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using liposome bilayers and offer more conclusive evidence of membrane permeability in the presence of insulin.  
With the more refined method of selecting chemotherapy from the use of molecular profiles and their associa-

tion with biomarkers, there is potential that the dosage required for the treatment of cancer to be reduced or even 
coupled with other chemotherapies to be administered at the same time could be possible and maximize patient 
outcomes. This may especially be the case in the presence of adjunctive insulin shuttling of chemotherapies in 
addition to fasting before chemotherapy administration. These approaches would be significantly less toxic to the 
patient in addition to the treatment being less detrimental to the immune system which plays a role in the regula-
tion of cancer.  

The current method of selecting new chemotherapies through various clinical phases is outdated when com-
pared with adding the current understanding of biomarkers. A group and subgroup of cancers, like non-small cell 
lung cancer, is not enough to distinguish between the vast array different individualized non-small cell lung 
cancers with regard to molecular profiling associated with the cancer’s biomarkers. We postulate that clinical 
trials for various cancers should be investigated on a personalized basis considering the patient’s molecular profile. 
A better understanding of why chemotherapy and other cancer treatments work better with some patients more 
than others might allow an additional step in the process to hone in on patients with similar molecular profiles and 
biomarkers to be added to the study. While we are not arguing that there is no benefit from clinical trials to be 
conducted in its current form, it is important to take the selection of patients that did respond to a new chemo-
therapy to be analyzed by big data associated with bioinformatics to determine which biomarkers or the molecular 
profile as a whole contributed to the success of that chemotherapy. 

There are currently many companies and clinical researchers going back to determine when a drug should be 
administered using molecular profiling after the drug has been on the market for a certain matter of time. The 
amount of research with regard to combining chemotherapies at once is limited. When ordering a molecular pro-
file for a patient with cancer, one will notice that there are several drugs that have the potential to inhibit or kill the 
cancer. We believe that more work needs to be done in the area, however, utilization of molecular profiles in 
combination with adjunctive insulin shuttling is promising and may be used for better selection of targeted agents 
and better overall delivery of those agents providing variety of important options for patients that have been re-
fractory to previous treatment. 

4. Conclusion 

There are a number of patients failing cancer treatments with late stage complex cancers where the standard 
methods of administration of drugs and chemotherapy are insufficient. Many patients are recommended hospice, 
palliative care and singular experimental treatment as their last option for treatment of cancer. Advances in the 
understanding of cancer biology through genomic, epigenomics, transcriptomics, proteomics, and metabolomics 
in the past decade usher in a new era of data collection and analysis. Such data can be used to better select and 
administer treatment options for cancer via molecular profiles and their associated biomarkers. Treatment options 
for patients have never been so prevalent despite the standard practice of practitioner’s using tissue biopsies and 
staging as the primary methods for selecting treatment of cancer. Other treatment options including fasting and the 
use of insulin to enhance cell cycle selection in concert with genetically targeted fractionated chemotherapy, 
which can offer the opportunity to use more chemotherapies at once, were examined and discussed as a method to 
potentially fulfil the need of many patients that are resistant to chemotherapy using traditional conventional 
medicine. These treatment options were supported by relevant data and highlight an opportunity to invite re-
searchers and other medical practitioners to consider treatment options that are beginning to gain momentum in 
the practice of medicine. 
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