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The hallmarks of cancer and their 
therapeutic targeting in current use 
and clinical trials
Samir Al-Bedeary, Hisham Arif Getta1, Dhay Al-Sharafi2

Abstract:
Cancer represents one of the most up to date issues worldwide because of the increasing number of 
affected people and the impact of it on the families and health system. It is one of the new challenges 
that face scientists and health worker and for many years lots of research and trials were trying to help 
in fighting this killer. The main aim of this review is to get a general look at the new understanding of 
cancer pathways and possible causes of resistance and their application in trails and clinical works, 
this piece of work aims to highlight the importance of pathophysiology of cancer in producing an 
effective treatment through targeting them. This review depended mainly on reviewing articles in the 
PubMed and Google Scholar, through writing (The hallmark of cancer, Hanahan and Weinberg) in 
the PubMed, around 14 articles had been emerged and only articles produced by the same authors 
in the years 2001 and 2011 had been selected as they were talking about the hallmark of cancer 
and resistance in details. Then, each pathway was followed as we searched according to a specific 
pathway and its targeted therapy in the PubMed and Google Scholar. Around 60 articles and trials 
had proved that targeting these pathways at different levels and even trying to stop these pathways 
with different targets can help to control cancer, and the new studies showed very promising results 
and they opened the door for future studies. For long time it was believed that cancer cells share six 
characteristic between them to develop and growth, however the same researchers who developed 
the initial hallmark of cancer had added new hallmarks which are : (1) abnormal metabolic pathways, 
(2) evading the immune system and two enabling characteristics: (1) genome instability, and (2) 
inflammation. Targeting these pathways has improved survival dramatically in most of cancers.
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Introduction

Cancer was and continues to be one of the 
challenges that face scientists around 

the globe. Hundreds, if not thousands, of 
theories have tried to answer and explain the 
strange behavior and nature of cancer cells, 
or at least to understand the underlying 
mechanism of its occurrence and progression. 
In 2000, Hanahan and Weinberg published 
an article, and they claimed that malignant 
cells in all types of cancers share six traits 
that allow normal cells to become cancerous 

ones, namely sustaining proliferative 
signaling, evading growth suppressors, 
avoiding immune destruction, enabling 
replicative immortality, tumor-promoting 
inflammation, and activating invasion and 
metastasis.[1] This work opens new avenues 
for the understanding and knowledge about 
some hidden secrets of this aggressive 
disease.

In 2011, the same scientists updated their 
work and added four new traits. These 
are inducing angiogenesis, resisting cell 
death, deregulating cellular energetics, and 
genome instability and mutation.[2] These 
new advances in knowledge about cancer 
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mechanisms have been accompanied by the development 
of targeted therapy. Nowadays, with the understanding 
of these ten hallmarks of cancer mechanisms, and the 
main changes that occur in the normal cell growth 
pathways, the treatment of cancer cells with specific 
therapies has become possible in a high number of 
cases [Figure 1].

In this review, we will discuss the concept of the 
hallmarks of cancer that facilitated the development 
of targeted therapies and how this approach has been 
successful in improving patient survival. Therefore, 
the big question is “with this significant progress in 
understanding the cancer biology, is there any clinical 
benefits.”

Hallmark 1: Sustaining Proliferative 
Signaling

Normal cells need external stimuli for division and 
growth. This mechanism is modified or dysregulated 
in cancer cell growth.[2] The mitogen-activated protein 
kinases  (MAPK)/extracellular signal‑regulated 
k i n a s e s   ( E R K )  p a t h w a y   ( s o m e t i m e s  c a l l e d 
RAS-RAF-MEK-ERK pathway) plays a crucial role in 
this hallmark.[2] MAPK pathway includes cascades of 
signals that control many cellular processes, such as 
cell proliferation and growth and differentiation and 
transformation with cellular apoptosis.[3] Dysregulation 
of the MAPK pathway or its components can lead to 
tumorigenesis, and cancer cells will be able to sustain 

proliferative signals and evade apoptosis, angiogenesis, 
and even metastasis. For the importance of this pathway, 
lots of works have been done to inhibit this pathway. 
BRAF is an essential part of this pathway.[4] BRAF 
mutations occur in 8% of all cancers; they occur in nearly 
50% of advanced melanoma cases, 40% of papillary 
thyroid cancer, around 10% in colorectal cancers, and in 
less percent in lung cancer. Moreover, BRAF mutation 
occurs in many hematological malignancies, such as 
hairy cell leukemia and plasma cell myeloma.[5,6]

Inhibitors of oncogenic kinases
Vemurafenib and dabrafenib are both inhibitors of 
mutant BRAF, and they are the main drugs used in the 
management of melanoma. Vemurafenib improved 
the progression-free survival and overall survival 
in patients with advanced melanoma. Dabrafenib is 
another inhibitor of mutant BRAF; it demonstrated a 
progression‑free survival  (PFS) advantage with less 
toxicity.[7] BRAF mutation is associated with poor 
prognosis in cancer. It is associated with the proved poor 
prognostic factors in colorectal tumors, such as old-age 
patients, female sex, and poor response to chemotherapy 
and epidermal growth factor receptor (EGFR) inhibitor 
drugs.[8] In papillary thyroid cancer, vemurafenib 
demonstrated an objective response rate  (ORR) of up 
to 38.5% for patients with radioactive iodine-refractory 
cases with BRAF V600E mutation.[9]

Understanding the downstream signaling and its relation 
with the hallmark  (sustaining proliferative signaling) 

Figure 1: Therapeutic targeting in the hallmarks of cancer[2]
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complex, and this complex prevents the cell from 
transformation to the next S stage (DNA replication phase 
in normal cell cycle); also, it inhibits the cyclin-dependent 
kinases  (CDKs) in G1, but under external stimuli, the 
accumulated CDKs can phosphorylate pRb by detaching 
it from E2F, and this will promote cell division, making 
cells unresponsive to antigrowth signals.[13,14]

P53 gene is one of the interesting genes in cancer, mutation 
or loss of this gene can be found in different types of 
cancers, such as head-and-neck tumors, esophageal 
cancer, colorectal cancer, and other different types. 
Uncontrolled cell division can be caused by a mutation 
or loss of these genes after exposure to different types of 
risk factors, such as radiation and chemotherapy.[14,15] The 
other important protein in this process is transforming 
growth factor-β  (TGF‑beta) which works as a negative 
regulator of cell growth. It controls pRb signaling by the 
prevention of RB phosphorylation, which can lead to 
inhibition of cell proliferation. If cell gets transformed to a 
cancer cell, this system will be out of normal cell control.[16]

Cyclin-dependent kinase inhibitors
Palbociclib is one of the drugs that target CDKs 
(CDK4 and CDK6) by controlling the CDK–RB–E2F 
pathway. It is used in metastatic hormone-positive 
breast cancer. There was a 10 months’ improvement in 
the PFS when the drug was added to hormonal therapy, 
despite the insignificant overall survival result. The main 
adverse effects of this drug are hematological such as 
neutropenia, but they are tolerable and manageable at 
most of the time.[17]

increased scientists’ knowledge about the possible role 
of downstream pathways in the development of drug 
resistance. Trametinib is an MEK inhibitor that combined 
with BRAF inhibitors, using this treatment can help 
to target two different mutations in the same time. It 
revealed a longer overall survival compared with BRAF 
inhibition alone and a higher response rate with longer 
PFS with a significant decrease in dermatological side 
effect.[10] This drug helped to treat drug resistance with 
a great success; Figure 2 shows the possible mechanisms 
for resistance in this pathway. One of the breakthroughs 
in medicine was the introduction of imatinib, a tyrosine 
kinase inhibitor, in the management of chronic myeloid 
leukemia. Imatinib acts against BCR-ABL fusion gene, 
which forms Philadelphia chromosome; Figure 3 shows 
the mechanism of action of imatinib. Imatinib is one 
of the success stories in the management of cancer; 
it changed the outcome of chronic myeloid leukemia 
and patients got prolonged overall survival with this 
targeting therapy.[11,12]

Hallmark 2: Evading Growth Suppressors

Normally, the cell growth and proliferation are under 
the control of a much-organized mechanism in the body, 
which includes a balance between growth suppression 
and growth stimulation signals. Tumor cell needs 
to dysregulate this process to grow and survive.[2] 
Antigrowth signals are under the control of two proteins, 
namely, retinoblastoma  (pRb) and P53. pRb is active 
when it is not phosphorylated, which occurs when it is 
attached to E2F transcription factor to form an RB/E2F 

Figure 2: Mechanisms of BRAF inhibitor resistance. RAF isoform switching, activation of receptor tyrosine kinases such as insulin‑like growth factor‑1 receptor and 
engagement of the PI3K pathway to promote cell survival. PTEN loss leads to activation of the PI3K pathway
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Hallmark 3: Avoiding Immune Destruction

The immune system plays a vital role in the protection 
of our bodies against cancer cells through different 
mechanisms. However, this system can be abused by 
cancer cells to cause damage to the human being. Figure 4 
shows the steps of avoiding immune destruction by a 
cancer cell.[18]

The use of immunotherapy represents a huge leap in the 
modern treatment of cancer. These drugs can work on 
the body immunity with fewer side effects in comparison 
with chemotherapy, and the initial results showed a 
significant decrease in the tumor’s volume with the use 
of these drugs in practice.[19]

Programmed cell death‑1 (PD‑1) is a checkpoint protein 
expressed on the surface of activated T cells; it works with 
another protein called cytotoxic T-lymphocyte-associated 
protein 4  (CTLA‑4), which is also expressed on the 
surface of T cell to prevent attacking tissues by its 
immune cells. Both work as checkpoint receptors that 
downregulate immune responses, and PD-1 binding with 
the programmed death‑ligand 1 (PD‑L1) will trigger a 
cascade of signals that inhibit T-cell activation and then 
slow immune response.[19] Most cancer cells express a 
large amount of PD-L1 so that they can evade the immune 
system.[19] Targeting CTLA-4 and both PD-1 and PDL-1 is 
an attractive issue as blocking these pathways may help 
to stop cancer cells escaping from the immune system.

Immune checkpoint inhibitors
Ipilimumab is a human monoclonal antibody; it 
blocks CTLA-4 and then promotes the body’s immune 
response against cancer cells. The drug has dramatically 
changed the management of melanoma.[20] However, 
immune-related adverse events are the main side effects 

associated with the drug, such as diarrhea and hepatic 
toxicity.[20,21]

Pembrolizumab and nivolumab are both monoclonal 
antibodies that inhibit PD-1 checkpoint. Both drugs 
added a significant survival and have been approved 
in different types of cancers, such as non-small cell lung 
cancer (NSCLC), melanoma, Hodgkin’s lymphoma, and 
renal cell carcinoma.[22,23] The resistance emerged for these 
drugs raised the issue of the benefit of the combination 
of the drugs. Nowadays, ipilimumab has been used in 
conjunction with other PD-L1 inhibitors as they show a 
better response than ipilimumab alone in melanoma.[24] 
The biggest problems with these drugs are skin reactions, 
gastrointestinal manifestations, and lung inflammation, 
which can be in the form of severe pneumonitis.[24]

Hallmark 4: Enabling Replicative 
Immortality

Telomerase is a specialized reverse transcriptase enzyme 
attached to the chromosome ends. Its primary function 

Figure 4: Avoiding immune damage. Cancer immunoediting, which is composed 
from three steps: elimination, equilibrium, and escape[18]

Figure 3: Mechanism of action of imatinib in chronic myelogenous leukemia, 
(a)It binds to the amino acids of the BCR/ABL tyrosine kinase adenosine 

triphosphate binding site and stabilizes the inactive, nonadenosine triphosphate 
binding form of BCR/ABL. (b) How imatinib preventing tyrosine autophosphorylation 

and, in turn, phosphorylation of its substrates

ba
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is protection of these critical ends from damage during 
normal cell division, and it is responsible for the de novo 
synthesis of telomeric DNA. It shortens with each cell 
division, and this will restrict the proliferative capacity 
of cells where the enzyme plays a key role in enabling 
replicative immortality.[25] In cancer, this function is 
dysregulated leading to uncontrolled cell growth, which 
is a hallmark of cancer cells.[25] While normal cell has 
limited number of divisions and this process is controlled 
by an organized intrinsic cellular pathway, cancer cell can 
pass this limit through re-expression or overexpression of 
more telomerase.[2] The fact that nearly 90% of cancer cells 
express telomerase, unlike normal cells where it is absent 
or reduced in expression, encouraged scientists looking 
at this interesting enzyme as a target for treatment.[26,27] 
Immunotherapy, gene therapy, and small-molecule 
inhibitors are the main ways to target telomerase enzyme, 
and the key role is the inhibition of its subunit (hTERT) or 
the RNA template (hTER), both can stop cell proliferation. 
G-quadruplex stabilizers and HSP90 inhibitors, which can 
target the enzyme subunit indirectly causing cell death, 
constitute another effective inhibition.[26]

Telomerase inhibitors
GemVax & KAEL (GV1001)/ RIAVAX™ inj. (Tertomotide 
HCl, code name GV1001™, Korea) is one of the 
telomerase inhibitor drugs, which has been used in 
many trials; it is a therapeutic vaccine that helps the 
immune system to recognize telomerase in cancer cells. 
The drug showed a durable T-cell memory-associated 
prolonged progression-free survival in NSCLC and good 
tolerability, but it did not go further beyond Phase 2, so it 
needs further trials for more confirmation.[28,29] The drug 
was also used in metastatic melanoma and hepatocellular 
carcinoma with a good immune response, but all these 
trials were only Phases I or II. In pancreatic and breast 
cancers, there were no survival benefits with the use of 
the drug.[30]

There is less possibility of resistance with this hallmark 
because of the rare mechanism of alternative lengthening 
of telomeres  (evidence for an alternative mechanism 
for maintaining telomere length in human tumors and 
tumor-derived cell lines).

Hallmark 5: Tumor-Promoting 
Inflammation

Inflammatory cells are present in the microenvironment 
of tumors; this truth has been proven since 1863 by Rudolf 
Virchow.[31] Hanahan and Weinberg (2011) supposed that 
this tumor-associated inflammatory process might fortify 
cancer cells to survive and progress. Most of the studies 
have been linked between chronic inflammation and 
cancer occurrence, where inflammatory cells can provide 
the malignant cells with growth factors and other 

hallmark-facilitating mechanisms, such as cytokines 
and proteases. In addition to this, the inflammatory cells 
can produce chemical substances that can cause genetic 
mutations in the tumor microenvironment. As a result, 
all these factors can aid malignant cells to proliferate and 
survive and even to metastasize.[32]

Nonsteroidal anti-inflammatory drugs
Nonsteroidal anti-inflammatory drugs showed activity 
in different types of cancer, such as breast and colorectal 
cancers and, in a less extent, lung cancer. Most of the 
studies showed a significant decrease in the relative 
risk with the use of aspirin for colon cancer and breast 
cancer.[33] The indirect anticancer activity of these drugs 
is supposed to be through the ability of these drugs to 
induce apoptosis and inhibition of the proliferation.

Celecoxib is a selective cyclooxygenase‑2  (COX‑2) 
inhibitor that inhibits the release of prostaglandin as 
shown in Figure 5.[34] Polyps are well known as a risk 
factor for colorectal cancer, and several trials addressed 
the relationship between polyps and the use of a COX-2 
inhibitor, especially for the premalignant polyps.[35] These 
drugs showed a considerable decrease in the number 
and size of polyps in familial adenomatous polyposis 
syndrome and other colorectal polyps when used at a 
dose of 400 mg twice daily for more than 6 months, and 
there was a 31% reduction in the number of polyps.[36] In 
breast cancer, a COX-2 expression is usually associated 
with aggressive features, such as large tumor size and 
HER2-positive tumor. Many trials are trying to assess 
the combination of these drugs and hormonal therapy in 
patients with breast cancer, especially after the significant 
results that have been seen with the use of celecoxib and 
aspirin in the reduction of breast cancer risk by 20% in 
females.[37] The serious cardiac side effects of COX-2 
inhibitors that have been seen in patients halted their 
further use in clinical practice.

Hallmark 6: Activating Invasion and 
Metastasis

The ability of cancer cells to grow and metastasize 
was one of the puzzles to scientists for many years. 
The understanding of this mechanism is a key to the 
understanding of the management of many cancers. 
Malignant cells by changing their shape and losing or 
downregulating cell–cell adhesion glue, E-cadherin, and 
losing the adhesion within the extracellular matrix can 
invade the surrounding tissues and even metastasize.[38] 
This downregulation or losing of E-cadherin is one of the 
features of epithelial‑to‑mesenchymal transition (EMT).[2] 
EMT is a process that regulates changes in cell morphology 
and function during embryogenesis and tissue 
development. EMT plays a significant role in cancer 
progression and metastasis. Cells undergoing EMT can 
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invade surrounding tissue and disseminate far from the 
primary site.[39]

There is a central role for hepatocyte growth factor (HGF)/
c-Met pathway in cancer invasion and metastasis in 

animal models; human cell lines that overexpress HGF 
and c-Met become tumorigenic and metastatic when 
implanted into nude mice.[40,41] The dysregulation of 
HGF/c-Met signaling has emerged as a key player in 
the invasion and metastasis in human malignancies, 

Figure 5: Mechanisms of carcinogenesis produced by cyclooxygenase‑2‑derived prostaglandin[34]

Figure 6: Genomic instability in human cancer: Molecular insights
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vascularization, and their expression can be triggered by 
hypoxia. Then, the balance between the pro-angiogenic 
factors, such as VEGF, angiopoietins, essential basic 
fibroblast-like growth factor, and TGF-β and the 
anti-angiogenic factors, such as thrombospondin-1, 
angiostatin, and endostatin, are believed to be pivotal 
elements in the process.

Inhibitors of vascular endothelial growth factor 
signaling
Targeting this pathway was a very attractive issue, as it 
means inducing the death of malignant cells by cutting 
their blood supply, and such type of treatment does 
not need particular histology type to work on (unlike 
in the case of chemotherapy). It works on tumor 
microvasculature; in addition to that, it has a fewer side 
effects in comparison with chemotherapy.

Bevacizumab  (Avastin) is a humanized monoclonal 
antibody that blocks angiogenesis by inhibiting VEGF-A; 
it is used in different cancers, such as metastatic colorectal 
cancer, breast cancer, lung cancer, and brain tumors. The 
drug proved to improve the PFS by 1.4  months and 
survival in colorectal cancer patients.[53] This unclear 
benefit delayed its approval in National Institute for 
Health and Care Excellence guideline (cancer guideline 
in the UK) for many years, as the cost-effectiveness 
was small for the adoption of the drug. On the other 
hand, it is not clear which chemotherapy combination 
is the best with it is, and all the trials gave conflicting 
results. The other issue is the serious side effects, such 
as hypertension and poor wound healing, which are 
important issues in cancer patients.[54] In breast cancer, 
its indications have been changed lastly and its use lost 
some of the enthusiasm after the disappointing results 
with its safety in patients is it does not improve the 
quality of life or extend the survival.[55] In lung cancer, 
the nonsquamous type of the drug was used as the 
squamous type can cause bleeding and there are certain 
limitations for its use such as any history of bleeding and 
the performance status of patient.[56]

The survival benefits of targeting this hallmark are 
disappointing in clinical practice, and drugs could not 
show any significant progress in any clinical data. In 
addition, one of the issues with angiogenesis inhibitors 
is that they often end up promoting another hallmark, 
i.e., invasion.

Hallmark 8: Targeting Genome Instability 
and Mutation

Genomic instability (GI) refers to multiple DNA damage 
and chromosomal abnormalities, such as rearrangement 
and gain or loss as in aneuploidy  [Figure   6]. 
Microsatellite instability and chromosomal instability 

where HGF can induce EMT. HGF/c-Met pathway is 
essential during embryo life as it participates in the 
development of placenta and many other organs such 
as the central nervous system, and in adult life, it takes 
part in organ regeneration as in wound healing.[41] The 
MET pathway is abnormally regulated in a wide range of 
human cancers, such as lung cancer in nearly 50%, breast 
cancer; colorectal tumors; pancreatic cancer; ovarian 
malignancies; pediatric tumors such as medulloblastoma, 
lymphoma, and papillary cell carcinoma; and bone 
tumors, which are characteristic for this pathway, as 
MET is expressed in osteoblast and osteoclast cells.[42,43] 
Dysregulated MET signaling can result from several 
molecular mechanisms, such as c-MET gene mutation, 
c-MET chromosomal rearrangement, and c-MET 
amplification.[44] The MET  (c‑Met) receptors need the 
ligand HGF for activation, of this pathway. This pathway 
also plays a role in chemoresistance and radioresistance 
as in lung cancer, colorectal cancer, and breast cancer.[45,46]

Inhibitors of hepatocyte growth factor/c-Met
Rilotumumab (AMG102) is a monoclonal antibody target 
HGF (IgG2) which prevents the binding of HGF to its 
receptor; this can stimulate the induction of apoptosis 
in cells expressing (c‑Met). Clinical studies on this drug 
had been terminated because of increase in the number of 
deaths in the rilotumumab and chemotherapy treatment 
arm when compared to the chemotherapy treatment-only 
arm.[47] Cabozantinib is a multikinase inhibitor acting on 
MET, VEGFR2, FLT3 mainly, and other pathways; the 
drug is approved for the treatment of medullary thyroid 
cancer but has no clear role in renal cell carcinoma.[48-51] 
The drug showed longer overall survival and PFS in 
patients with hepatocellular carcinoma.[22,23,52]

Hallmark 7: Inducing Angiogenesis

Angiogenesis is the process of new blood vessel 
formation and one of the supposed mechanisms by 
which malignant cells can grow and metastasize.[2] 
Vascular endothelial growth factor (VEGF) family and 
its receptors (VEGFR) are the main players in neoplastic 

Figure 7: BCL2‑family showing pro‑apoptotic and pro‑apoptotic proteins
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are the most common form of GI. Poly  (ADP‑ribose) 
polymerase  (PARP) plays a vital role in repairing 
single-strand DNA damage in the stabilization of 
the genome. If PARP is inhibited, this will halt DNA 
correction, leading to cell death.[57,58]

Poly-ADP-ribose inhibitors
Olaparib is an oral PARP inhibitor used in recurrent 
ovarian cancer, with or without BRCA mutation. Other 
indications are mainly in breast cancer, especially in 
triple-negative type and BRCA mutation because of 
high upregulation of PARP.[59] Treatment with the PARP 
inhibitor olaparib in patients whose prostate cancers 
were no longer responding to standard treatments and 
who had defects in DNA repair genes led to a high 
response rate.[60,61]

Hallmark 9: Resisting Cell Death

Apoptosis in normal cells is regulated through 
two pathways: intrinsic  (or mitochondrial), which 
needs internal stimuli from inside the cell to activate 
the process, and extrinsic, which requires external 
signals for activation. It is believed that the intrinsic 
one is more important in cancer and the primary 
regulator of apoptosis in this pathway is BCL-2 family 
proteins.[62] There are two types of this family, as 
shown in Figure  7, anti‑apoptotic  (inhibit apoptosis) 
and pro‑apoptotic  (trigger apoptosis when they are 
activated). Each group can bind to the other one to control 
the process of apoptosis. BCL-2 has four BCL-2 homology 
or BH domains.[63] BH3-only member is a subclass of 
BCL2-family that interacts with both pro-apoptotic and 
anti-apoptotic types to decide for cell behavior. It has a 
significant role in the death signal’s transition between 
intrinsic and extrinsic pathways. BH3-only proteins work 
through interfering with anti-apoptotic Bcl-2 proteins or 
stimulating the pro-apoptotic proteins directly.[63] Cancer 
cells that increase the expression of anti-apoptotic BCL2 
or downregulation of pro-apoptotic proteins by this 
tumor can dysregulate BCL2-family and then evade 
apoptosis.[2]

BH3 mimetics
ABT-737 is a BH3 mimetic inhibitor, used in chronic 
lymphocytic leukemia (CLL) and follicular lymphoma, 
but it was ineffective in solid tumor.[64]

BCL2 inhibitors
Venetoclax  (Abt‑199) was subsequently developed 
as a highly selective, orally available small-molecule 
Bcl-2 family protein inhibitor that binds with high 
affinity to Bcl-2 and with lower affinity to other Bcl-2 
family proteins (Bcl‑XL and Bcl), and venetoclax has 
recently received approval for relapsed/refractory 
CLL.[65,66]

Hallmark 10: Deregulating Cellular 
Energetics

Cancer cells mainly depend on anaerobic glycolysis to 
adjust their high requirements for energy for growth 
and replication, which produce less energy, so to 
compensate for that, cancer cells upregulate glucose 
transporters, mainly Glut-1, to increase glucose 
transportation to the cytoplasm.[2] In addition, cancer 
cells increase the expression of most of the glycolytic 
enzymes. Another way is activated oncogenes, such 
as RAS, Myc, and HIF-1afa, and mutated P53 can also 
induce glycolysis.[2,67]

Aerobic glycolysis inhibitors
Targeting this metabolic pathway is interesting because 
of its role in tumorigenesis. Targeting multiple levels in 
this path including enzymes shows a promising result, 
as in the inhibition for glutaminase 1, which is highly 
upregulated in malignancy.[68] Inhibition of HIF, MCT1, 
and MCT4 can interfere with lactate transfer causing 
cell death by starvation.[69,70] The inhibition of mutant 
isocitrate dehydrogenase 1 and 2 is another way of 
management. Metformin  (the great antidiabetic drug) 
decreases the blood glucose level by reducing adenosine 
triphosphate production through the inhibition of 
mitochondrial liver cells, but the results are still in their 
original stages.[71] This hallmark played a huge role in the 
development of breakthrough investigation in cancer, 
which is positron emission tomography-computed 
tomography scan (18F-fluoro-2-deoxyglucose), through 
understanding the high uptake of glucose by malignant 
cells, which differentiate it from other normal cells.[72,73]

Conclusions

With this significant development in the understanding 
of cancer biology, is there any clinical benefits. Yes, is 
the answer for the initial? These benefits can be seen 
clearly through the new drugs that improved the survival 
and the response rate. By contrast, there are some 
disappointing results, but the future looks promising 
with these drugs, with more understanding for more 
proteins involved in pathways, and individulization of 
treamtent according to specific biomarkers or receptors 
may help to overcome many obstacles. Resistance 
is one of the major issues with these pathways and 
combination of multiple targeted pathways inhibitors 
may be the solution in future. In addition, the discovery 
of the relationship between these different channels and 
different proteins in the hallmarks, such as P53 which 
has a role in many hallmarks, can help stop multiple 
pathways by targeting one protein.

Financial support and sponsorship
Nil.

[Downloaded free from http://www.ijhonline.org on Wednesday, December 16, 2020, IP: 109.224.55.20]



Al‑Bedeary, et al.: Hallmarks of cancer and clinical applications

Iraqi Journal of Hematology  - Volume 9, Issue 1, January-June 2020 9

Conflicts of interest
There are no conflicts of interest.

References

1. Hanahan  D, Weinberg  RA. The hallmarks of cancer. Cell 
2000;100:57-70.

2. Hanahan  D, Weinberg  RA. Hallmarks of cancer: The next 
generation. Cell 2011;144:646-74.

3. Zhang W, Liu HT. MAPK signal pathways in the regulation of 
cell proliferation in mammalian cells. Cell Res 2002;12:9-18.

4. Davies  H, Bignell  GR, Cox  C, Stephens  P, Edkins  S, Clegg  S, 
et  al. Mutations of the BRAF gene in human cancer. Nature 
2002;417:949-54.

5. Tol  J, Nagtegaal  ID, Punt  CJ. BRAF mutation in metastatic 
colorectal cancer. N Engl J Med 2009;361:98‑9.

6. Holderfield  M, Deuker  MM, McCormick  F, McMahon  M. 
Targeting RAF kinases for cancer therapy: BRAF-mutated 
melanoma and beyond. Nat Rev Cancer 2014;14:455-67.

7. Hauschild  A, Grob  JJ, Demidov  LV, Jouary  T, Gutzmer  R, 
Millward  M, et  al. Dabrafenib in BRAF-mutated metastatic 
melanoma: A  multicentre, open‑label, phase 3 randomised 
controlled trial. Lancet 2012;380:358-65.

8. Clarke  CN, Kopetz  ES. BRAF mutant colorectal cancer as a 
distinct subset of colorectal cancer: Clinical characteristics, clinical 
behavior, and response to targeted therapies. J Gastrointest Oncol 
2015;6:660-7.

9. Brose MS, Cabanillas ME, Cohen EE, Wirth LJ, Riehl T, Yue H, et al. 
Vemurafenib in patients with BRAF(V600E)-positive metastatic 
or unresectable papillary thyroid cancer refractory to radioactive 
iodine: A non‑randomised, multicentre, open‑label, phase 2 trial. 
Lancet Oncol 2016;17:1272-82.

10. Flaherty KT, Robert C, Hersey P, Nathan P, Garbe C, Milhem M, 
et al. Improved survival with MEK inhibition in BRAF-mutated 
melanoma. N Engl J Med 2012;367:107‑14.

11. Villanueva J, Vultur A, Herlyn M. Resistance to BRAF inhibitors: 
Unraveling mechanisms and future treatment options. Cancer Res 
2011;71:7137-40.

12. Mughal  TI, Goldman  JM. Molecularly targeted treatment of 
chronic myeloid leukemia: Beyond the imatinib era. Front Biosci 
2006;11:209-20.

13. Dick FA, Rubin SM. Molecular mechanisms underlying RB protein 
function. Nat Rev Mol Cell Biol 2013;14:297-306.

14. Nevins JR. The Rb/E2F pathway and cancer. Hum Mol Genet 
2001;10:699-703.

15. Sherr  CJ, McCormick  F. The RB and p53 pathways in cancer. 
Cancer Cell 2002;2:103-12.

16. Paterson IC, Patel V, Sandy JR, Prime SS, Yeudall WA. Effects 
of transforming growth factor beta-1 on growth-regulatory 
genes in tumour-derived human oral keratinocytes. Br J Cancer 
1995;72:922-7.

17. Finn RS, Crown JP, Lang I, Boer K, Bondarenko IM, Kulyk SO, 
et  al. The cyclin-dependent kinase 4/6 inhibitor palbociclib in 
combination with letrozole versus letrozole alone as first-line 
treatment of oestrogen receptor-positive, HER2-negative, 
advanced breast cancer (PALOMA‑1/TRIO‑18): A randomised 
phase 2 study. Lancet Oncol 2015;16:25-35.

18. Mittal  D, Gubin  MM, Schreiber  RD, Smyth  MJ. New 
insights into cancer immunoediting and its three component 
phases  –  Elimination, equilibrium and escape. Curr Opin 
Immunol 2014;27:16-25.

19. Rosenberg SA, Yang JC, Sherry RM, Kammula US, Hughes MS, 
Phan GQ, et al. Durable complete responses in heavily pretreated 
patients with metastatic melanoma using T-cell transfer 
immunotherapy. Clin Cancer Res 2011;17:4550-7.

20. Hodi  FS, O’Day  SJ, McDermott  DF, Weber  RW, Sosman  JA, 

Haanen JB, et al. Improved survival with ipilimumab in patients 
with metastatic melanoma. N Engl J Med 2010;363:711‑23.

21. Fecher  LA, Agarwala  SS, Hodi  FS, Weber  JS. Ipilimumab 
and its toxicities: A  multidisciplinary approach. Oncologist 
2013;18:733-43.

22. Buchbinder EI, Desai A. CTLA‑4 and PD‑1 pathways: Similarities, 
differences, and implications of their inhibition. Am J Clin Oncol 
2016;39:98-106.

23. Ott PA, Hodi FS, Robert C. CTLA‑4 and PD‑1/PD‑L1 blockade: 
New immunotherapeutic modalities with durable clinical benefit 
in melanoma patients. Clin Cancer Res 2013;19:5300-9.

24. Callahan  MK, Postow  MA, Wolchok  JD. CTLA‑4 and PD‑1 
Pathway Blockade: Combinations in the Clinic. Front Oncol 
2014;4:385.

25. Blackburn  EH, Collins  K. Telomerase: An RNP enzyme 
synthesizes DNA. Cold Spring Harb Perspect Biol 2011;3. pii: 
A003558.

26. Hahn WC. Telomerase and cancer: Where and when? Clin Cancer 
Res 2001;7:2953-4.

27. Shay JW, Zou Y, Hiyama E, Wright WE. Telomerase and cancer. 
Hum Mol Genet 2001;10:677-85.

28. Limacher  JM, Spring‑Giusti  C, Bellon  N, Ancian  P, Rooke  R, 
Bonnefoy  JY. Therapeutic cancer vaccines in the treatment of 
non-small-cell lung cancer. Expert Rev Vaccines 2013;12:263-70.

29. Ruden  M, Puri  N. Novel anticancer therapeutics targeting 
telomerase. Cancer Treat Rev 2013;39:444-56.

30. Jafri MA, Ansari SA, Alqahtani MH, Shay JW. Roles of telomeres 
and telomerase in cancer, and advances in telomerase-targeted 
therapies. Genome Med 2016;8:69.

31. Balkwill  F, Mantovani  A. Inflammation and cancer: Back to 
Virchow? Lancet 2001;357:539-45.

32. Grivennikov  SI, Karin  M. Inflammation and oncogenesis: 
A vicious connection. Curr Opin Genet Dev 2010;20:65‑71.

33. Thun MJ, Henley SJ, Patrono C. Nonsteroidal anti‑inflammatory 
drugs as anticancer agents: Mechanistic, pharmacologic, and 
clinical issues. J Natl Cancer Inst 2002;94:252‑66.

34. Zarghi  A, Arfaei  S. Selective COX‑2 inhibitors: A  review 
of their structure-activity relationships. Iran J Pharm Res 
2011;10:655-83.

35. Kim B, Giardiello FM. Chemoprevention in familial adenomatous 
polyposis. Best Pract Res Clin Gastroenterol 2011;25:607-22.

36. Steinbach  G, Lynch  PM, Phillips  RK, Wallace  MH, Hawk  E, 
Gordon  GB, et  al. The effect of celecoxib, a cyclooxygenase-2 
inhibitor, in familial adenomatous polyposis. N  Engl J Med 
2000;342:1946-52.

37. Agrawal A, Fentiman IS. NSAIDs and breast cancer: A possible 
prevention and treatment strategy. Int J Clin Pract 2008;62:444-9.

38. Thiery  JP. Epithelial‑mesenchymal transitions in tumour 
progression. Nat Rev Cancer 2002;2:442-54.

39. Smith BN, Bhowmick NA. Role of EMT in metastasis and therapy 
resistance. J Clin Med 2016;5:17.

40. Mizuno  S, Nakamura  T. HGF‑MET cascade, a key target for 
inhibiting cancer metastasis: The impact of NK4 discovery on 
cancer biology and therapeutics. Int J Mol Sci 2013;14:888-919.

41. Rong  S, Segal  S, Anver  M, Resau  JH, Vande Woude  GF. 
Invasiveness and metastasis of NIH 3T3  cells induced by 
Met-hepatocyte growth factor/scatter factor autocrine stimulation. 
Proc Natl Acad Sci U S A 1994;91:4731-5.

42. Sacco  JJ, Clague  MJ. Dysregulation of the Met pathway in 
non-small cell lung cancer: Implications for drug targeting and 
resistance. Transl Lung Cancer Res 2015;4:242-52.

43. Sierra JR, Tsao MS. c‑MET as a potential therapeutic target and 
biomarker in cancer. Ther Adv Med Oncol 2011;3:S21-35.

44. Danilkovitch‑Miagkova  A, Zbar  B. Dysregulation of Met 
receptor tyrosine kinase activity in invasive tumors. J Clin Invest 
2002;109:863-7.

[Downloaded free from http://www.ijhonline.org on Wednesday, December 16, 2020, IP: 109.224.55.20]



Al‑Bedeary, et al.: Hallmarks of cancer and clinical applications

10 Iraqi Journal of Hematology  - Volume 9, Issue 1, January-June 2020

45. Raghav  KP, Wang  W, Liu  S, Chavez‑MacGregor  M, Meng  X, 
Hortobagyi GN, et al. cMET and phospho-cMET protein levels 
in breast cancers and survival outcomes. Clin Cancer Res 
2012;18:2269-77.

46. Salgia R. Role of c-Met in cancer: Emphasis on lung cancer. WB 
Saunders. In Seminars in oncology 2009;36:S52-S58. 

47. Cunningham D, Al‑Batran SE, Davidenko I, Ilson DH, Murad AM, 
Tebbutt  NC, et al. RILOMET-1: An international phase III 
multicenter, randomized, double-blind, placebo-controlled trial of 
rilotumumab plus epirubicin, cisplatin, and capecitabine (ECX) as 
first-line therapy in patients with advanced MET-positive gastric 
or gastroesophagea. J Clin Oncol 2013;31 5_suppl: TPS4153.

48. Fallahi  P, Ferrari  SM, Di Bari  F, Materazzi  G, Benvenga  S, 
Miccoli  P, et  al. Cabozantinib in Thyroid Cancer. Recent Pat 
Anticancer Drug Discov 2015;10:259-69.

49. Elisei  R, Schlumberger  MJ, Müller SP, Schöffski P, Brose  MS, 
Shah MH, et al. Cabozantinib in progressive medullary thyroid 
cancer. J Clin Oncol 2013;31:3639‑46.

50. Viola D, Cappagli V, Elisei R. Cabozantinib (XL184) for the 
treatment of locally advanced or metastatic progressive medullary 
thyroid cancer. Future oncology 2013;9:1083-92.

51. Choueiri  TK, Escudier  B, Powles  T, Mainwaring  PN, Rini  BI, 
Donskov F, et al. Cabozantinib versus everolimus in advanced 
renal‑cell carcinoma. N Engl J Med 2015;373:1814‑23.

52. Abou‑Alfa GK, Meyer T, Cheng AL, El‑Khoueiry AB, Rimassa L, 
Ryoo  BY, et  al. Cabozantinib in patients with advanced 
and progressing hepatocellular carcinoma. N  Engl J Med 
2018;379:54-63.

53. Ilic  I, Jankovic  S, Ilic  M. Bevacizumab combined with 
chemotherapy improves survival for patients with metastatic 
colorectal cancer: Evidence from meta analysis. PLoS One 
2016;11:e0161912.

54. Mir O, Mouthon L, Alexandre J, Mallion JM, Deray G, Guillevin L, 
et al. Bevacizumab‑induced cardiovascular events: A consequence 
of cholesterol emboli syndrome? J Natl Cancer Inst 2007;99:85-6.

55. Sasich LD, Sukkari SR. The US FDAs withdrawal of the breast 
cancer indication for Avastin  (bevacizumab). Saudi Pharm J 
2012;20:381-5.

56. Russo AE, Priolo D, Antonelli G, Libra M, McCubrey JA, Ferraù F. 
Bevacizumab in the treatment of NSCLC: Patient selection and 
perspectives. Lung Cancer (Auckl) 2017;8:259‑69.

57. Torgovnick A, Schumacher B. DNA repair mechanisms in cancer 
development and therapy. Front Genet 2015;6:157.

58. Broustas CG, Lieberman HB. DNA damage response genes and 
the development of cancer metastasis. Radiat Res 2014;181:111-30.

59. Weil  MK, Chen  AP. PARP inhibitor treatment in ovarian and 

breast cancer. Curr Probl Cancer 2011;35:7-50.
60. Mateo  J, Carreira  S, Sandhu  S, Miranda  S, Mossop  H, 

Perez‑Lopez  R, et  al. DNA-Repair Defects and Olaparib in 
Metastatic Prostate Cancer. N Engl J Med 2015;373:1697‑708.

61. Ferguson  LR, Chen  H, Collins  AR, Connell  M, Damia  G, 
Dasgupta  S, et  al. Genomic instability in human cancer: 
Molecular insights and opportunities for therapeutic attack 
and prevention through diet and nutrition. Semin Cancer Biol 
2015;35 Suppl:S5‑S24.

62. Elmore S. Apoptosis: A review of programmed cell death. Toxicol 
Pathol 2007;35:495-516.

63. Shamas‑Din A, Kale  J, Leber B, Andrews DW. Mechanisms of 
action of Bcl-2 family proteins. Cold Spring Harb Perspect Biol 
2013;5:a008714.

64. Broecker‑Preuss  M, Becher‑Boveleth  N, Müller S, Mann  K. 
The BH3 mimetic drug ABT-737 induces apoptosis and acts 
synergistically with chemotherapeutic drugs in thyroid carcinoma 
cells. Cancer Cell Int 2016;16:27.

65. Cang S, Iragavarapu C, Savooji J, Song Y, Liu D. ABT‑199 (venetoclax) 
and BCL‑2 inhibitors in clinical development. J Hematol Oncol 
2015;8:129.

66. Coutre S, Choi M, Furman RR, Eradat H, Heffner L, Jones JA, 
et al. Venetoclax for patients with chronic lymphocytic leukemia 
who progressed during or after idelalisib therapy. Blood 
2018;131:1704-11.

67. Yeung  SJ, Pan  J, Lee  MH. Roles of p53, MYC and HIF‑1 in 
regulating glycolysis-the seventh hallmark of cancer. Cell Mol 
Life Sci 2008;65:3981-99.

68. Hamanaka RB, Chandel NS. Targeting glucose metabolism for 
cancer therapy. J Exp Med 2012;209:211‑5.

69. Bola  BM, Chadwick  AL, Michopoulos  F, Blount  KG, 
Telfer  BA, Williams  KJ, et  al. Inhibition of monocarboxylate 
transporter‑1 (MCT1) by AZD3965 enhances radiosensitivity by 
reducing lactate transport. Mol Cancer Ther 2014;13:2805-16.

70. Kennedy  KM, Dewhirst  MW. Tumor metabolism of lactate: 
The influence and therapeutic potential for MCT and CD147 
regulation. Future Oncol 2010;6:127-48.

71. Cuyàs  E ,  Fernández‑Arroyo  S ,  Corominas‑Fa ja   B , 
Rodríguez‑Gallego  E, Bosch‑Barrera  J, Martin‑Castillo  B, 
et  al .  Oncometabolic mutation IDH1 R132H confers a 
metformin-hypersensitive phenotype. Oncotarget 2015;6:12279-96.

72. Griffeth LK. Use of PET/CT scanning in cancer patients: Technical 
and practical considerations. Proc  (Bayl Univ Med Cent) 
2005;18:321-30.

73. Collins CD. PET/CT in oncology: For which tumours is it the 
reference standard? Cancer Imaging 2007;7 Spec No A:S77-87.

[Downloaded free from http://www.ijhonline.org on Wednesday, December 16, 2020, IP: 109.224.55.20]


