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Abstract

Cancer remains a pervasive global health challenge, characterized by
uncontrolled cell growth, invasion, and metastasis. Despite significant
advancements in medical science, the burden of cancer continues to escalate,
with projections indicating a substantial rise in cases in the coming years.
Globally recognized databases, programs, and platforms such as IMRD,
National Cancer Registry Programme, India and GLOBOCAN help to better
recognize the gravity of the burden that cancer represents. India, in particular,
faces a concerning increase in cancer incidence, necessitating urgent
interventions. Chemotherapy remains pivotal, but challenges such as drug
toxicity and resistance underscore the need for innovative therapeutic strategies.
It is essential to understand the collective pathways in cancer, as delineated by
Hanahan and Weinber. These pathways intricately connect with hallmark
characteristics of cancer cells, driving tumorigenesis through various signaling
cascades and cellular processes. Targeting specific molecular events within
these pathways offers promising avenues for improved treatment outcomes.
Therefore, unraveling the complex relationship between collective pathways
and cancer hallmarks is crucial for advancing precision medicine and mitigating
the global burden of cancer.
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1. INTRODUCTION

Cancer represents a spectrum of diseases characterized by uncontrolled
cell growth, invasion of surrounding tissues, and propagation to distant organs
via bloodstream and lymphatic systems [1]. Although originating from diverse
organs and tissues, cancers share common features, including abnormal cellular
proliferation, with contributing factors such as chemical exposures, genetic
predispositions, and lifestyle influences remaining significant [2]. Despite
remarkable progress in medical science, the global burden of cancer continues
to escalate. GLOBOCAN 2020 data revealed staggering figures, with
approximately 19.3 million new cancer cases worldwide (excluding
nonmelanoma skin cancer) and nearly 10.0 million cancer-related deaths.
Notably, female breast cancer emerged as the most diagnosed cancer, with
approximately 2.3 million new cases, while lung cancer maintained its position
as the leading cause of cancer mortality, claiming around 1.8 million lives.
Projections suggest a worrisome trajectory, with the global cancer burden
anticipated to soar to 28.4 million cases by 2040, signifying a 47% increase
from 2020, with transitioning countries predicted to bear the brunt of this rise
[3]. A real-world research database known as IQVIA Medical Research Data
(IMRD) having NHS Health Research Authority approval for medical research
and treatment analysis provides valuable insights into primary care managed
diseases and could prove beneficial in identifying the improved treatment for
cancer patients [4].

In India, the statistics are equally concerning, with an estimated
1,461,427 new cancer cases reported in 2022, resulting in a crude rate of 100.4
per 100,000 people. Furthermore, the projected 12.8% increase in cancer
incidence by 2025 compared to 2020 underscores the urgent need for effective
interventions to curb this trend [5].

Chemotherapy maintains its central role, particularly in addressing
metastasized cancer cells, emphasizing the need to advance the development of
pharmaceutical and biological agents to prevent cancer propagation and reduce
organ dysfunction. There are major challenges such as drug toxicity and
resistance to ongoing efforts to uncover promising therapeutic options beyond
conventional treatments [6], [7]. Research has been going on to devise a method
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to optimize the drug dosage, iIMRD is one such method that determine an
individual's tailored dose for chemotherapy and could provide the optimal dose
for patients with noncurable cancers such as metastatic pancreas cancer [8], [9].
However, it is still in very initial phases has not been extensively explored in
different cancers and requires further research before it can be implemented.
Addressing the treatment challenges requires a transformation in approaches to
cancer therapy, with the need to explore the fundamental pathophysiology of
cancer, as well. This requires the exploration of collective pathways in cancer,
as understanding these complex molecular mechanisms is crucial for developing
targeted treatments. The collective pathways in cancer are connected to the
hallmark characteristics of cancer, as outlined by Hanahan and Weinberg [10],
[11], [212], [13]. These hallmarks represent fundamental biological capabilities
acquired by cancer cells during tumorigenesis, driven by alterations in signaling
pathways and cellular processes. Cancer cells activate signaling pathways such
as PIBK-AKT-mTOR [14] [15], [16], [17], [18] [19]and Ras-Raf-MEK-ERK
[20], [21], [22] to sustain proliferative signaling, evade growth suppressors by
disabling tumor suppressor pathways like p53 [23], [24] and Rb [25], [26], and
resist cell death through mechanisms involving Bcl-2 family proteins [27]. They
achieve replicative immortality by activating telomerase or alternative
lengthening of telomeres (ALT) pathways, induce angiogenesis by stimulating
Vascular Endothelial Growth Factor (VEGF) and Hypoxia-Inducible Factor
(HIF) signaling [28], [29], and activate invasion and metastasis programs
through pathways like epithelial-mesenchymal transition (EMT) [30], [31], [32]
and matrix metalloproteinases (MMPs) [33], [34]. Cancer cells also avoid
iImmune destruction by hijacking immune checkpoint signaling [35] and
promoting immune tolerance and deregulate cellular energetics by
reprogramming metabolism to support increased proliferation. Additionally,
they accumulate genetic alterations through dysregulation of DNA damage
response (DDR) [36], [37], [38] and repair pathways [39], [40], leading to
genomic instability and heterogeneity. Tumor-promoting inflammation further
contributes to tumor progression through pathways involving NF-kB and
cytokines like TNF-o and IL-6 [41], [42], [43], [44]. Therefore, understanding
the complex relationship between these collective pathways and cancer
hallmarks is crucial for developing targeted therapies aimed at disrupting
specific molecular events driving tumor growth and progression, ultimately
improving cancer treatment outcomes [13], [11].

2. TARGETED THERAPY
The targeted therapies exemplify the precision medicine approach in
cancer treatment, where therapies are tailored to the specific molecular

characteristics of individual tumors (Table 1). By selectively targeting key
pathways and molecular targets driving cancer progression, targeted therapies
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offer the potential for improved efficacy and reduced toxicity compared to
traditional cytotoxic chemotherapy. Several clinically approved drug targets in
humans have been identified (Table 2), however, resistance to targeted therapies
can develop over time, highlighting the need for ongoing research to identify
new targets and combination strategies to overcome resistance and improve
patient outcomes [45], [46], [47], [48]

Table 1: List of Some Approved Small Molecules and Monoclonal Antibodies
for Cancer Treatment.

Compound |Commercial| Target(s) | Indications | Comments | References
name
Gefitinib IRESSA EGFR NSCLC For patients [49]
(Epidermal | (non-small | with tumors [50]
Growth cell lung harboring
Factor cancer) EGFR exon
Receptor) 19 deletions
or exon 21
(L858R)
substitution
mutations
Sunitinib SUTENT | VEGFR RCC (renal For adult [50]
(Vascular cell patients at
Endothelial | carcinoma), | high risk of
Growth GIST recurrent RCC
Factor (gastrointesti | following
Receptor) | nal stromal |nephrectomy.
tumor)
Lorlatinibo |[LORBRENA| ALK NSCLC for patients [50]
(Anaplastic with ALK-
Lymphoma positive
Kinase) metastatic
NSCLC
Venetoclax |VENCLEXT| BCL-2 (B- CLL [50]
A cell (Chronic Combine
lymphoma | Lymphocytic | azacitidine,
2) Leukemia), decitabine,
AML (acute | or low dose
myeloid cytarabine
leukemia) | (LDAC) for
the
treatment of
newly
diagnosed
AML in
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adults aged
75 years or
older, or
those with
comorbiditi
es that
prevent the
use of
intensive
induction
chemothera
Py.
Enasidenib IDHIFA IDH2 AML For patients [50]
(Isocitrate with
Dehydrogen relapsed or
ase 2) refractory
AML
Rucaparib | RUBRACA| BRCA Advanced | For patients [50]
Ovarian who have
Cancer undergone
treatment
involving
two or more
rounds of
chemothera
py.
Ponatinib ICLUSIG | BCR-ABL | CML, Ph+ [50][51]
gene ALL
mutation, | (Philadelphia
T315I chromosome
positive
acute
lymphoblasti
c leukemia)
Palbociclib | IBRANCE [CDK(Cyclin Breast Approved in [50]
-Dependent Cancer combination
Kinase) with
fulvestrant
Talazoparib [TALZENNA| PARP Prostate Approved in [50]
Cancer combination
with
enzalutamide
Olaparib |LYNPARZA| PARP Prostate Approved in | [50][52]
Cancer combination
with
abiraterone
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and
prednisone
Trametinib | MEKINIST MEK Solid Approved in [53]
(Mitogen- Tumors combination
Activated with
Protein dabrafenib
Kinase (Tafinlar)
Kinase)
Vismodegib | ERIVEDGE| SMO BCC (Basal | for patients [54]
(Smoothene Cell with locally
d) Carcinoma) advanced
basal cell
cancer who
are not
candidates
for surgery
or radiation
and for
patients
with
metastatic
disease
Lenvatinib | LENVIMA | VEGFR, Thyroid Approved in [55]
FGFR | Cancer, RCC | combination
(Fibroblast with
Growth pembrolizu
Factor mab
Receptor)

Idelalisib ZYDELIG PI3K CLL, [56], [57],
(Phosphatid| Follicular [58]
ylinositol 3-| Lymphoma

Kinase)
Regorafenib | STIVARGA| VEGFR, HCC The [59], [60],
PDGFR, | (hepatocellul | expanded [61]
RAF ar approval is
(Rapidly | carcinoma), for the
Accelerated| colorectal | treatment of
Fibrosarcom cancer patients
a) with HCC
whose
tumors have
stopped
responding
to a similar
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targeted
therapy
Cabozantinio| CABOMET| MET, Thyroid For adults | [62], [63],
YX VEGFR, | Cancer, HCC and [64]
RET pediatric
patients
aged 12 and
above with
advanced
thyroid
cancer
unresponsiv
eto
VEGFR-
targeted
therapy and
ineligible
for
radioactive
iodine,
treatment is
recommend
ed.
Ruxolitinib JAKAFI JAK1, JAK2 Myelofibrosi [65], [66],
(Janus S, [67]
Kinase 1, 2)| Polycythemi
a Vera
Afatinib GIOTRIF EGFR NSCLC [68]
Ibrutinib | IMBRUVIC BTK CLL, SLL | Approved in | [69], [70],
A (Bruton's (small combination [71]
tyrosine | lymphocytic with
kinase) lymphoma) | rituximab
Alectinib |ALECENSA| ALK ALK- [72], [73]
positive
NSCLC
Brigatinib | ALUNBRIG| ALK ALK- [74], [75],
positive [76]
NSCLC
Panobinostat| FARYDAK | HDAC Multiple For patients | [77], [78],
(Histone myeloma whose [79], [80]
deacetylase) cancer has
progressed
after
treatment
with at least
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two prior
standard
therapies.
Dasatinib | SPRYCEL | BCR-ABL,| CML, Ph+ [81], [82],
SRC (Proto- ALL [83]
Oncogene
Tyrosine-
Protein
Kinase Src)
Tamoxifen | NOLVADE | Estrogen Breast [84], [85],
X Receptor Cancer [86], [87],
[88], [89],
[90], [91],
[92], [93],
[94], [95]
Dabrafenib | TAFINLAR | BRAF (V- | Melanoma, | Approved in | [81], [96],
Raf Murine| NSCLC, and | combination [97]
Sarcoma thyroid with
Viral cancer. trametinib
Oncogene
Homolog B)
Crizotinib | XALKORI |ALK, ROS1] NSCLC Foradult | [98], [99]
and
pediatric
patients 1
year of age
and older
Everolimus | AFINITOR| mTOR RCC, Breast [100],
(Mammalian, ~ Cancer [101],
Target of [102]
Rapamycin)
Nivolumab | OPDIVO PD-1 Various [103],
cancers [104],
including [105]
melanoma,
HNSCC
Pembrolizu [KEYTRUDA  PD-1 Various [55],
mab (Programme|  cancers [106],
d cell death| including [107],
protein 1) | melanoma, [108],
NSCLC [109]
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Isatuximab | SARCLISA| CD38 Multiple Approved in [110],
-irfc myeloma | combination [111],
with [112]
carfilzomib
and
dexamethas
one
Sacituzumab | TRODELVY| TROP-2 Triple- [113],
govitecan - (Tumor- negative [114],
hziy associated | breast cancer [115],
calcium [116]
signal
transducer
2)
Tafasitamab | MONJUVI CD19 Diffuse large | Approved in [117],
-CXIX B-cell combination [118],
lymphoma with [119],
lenalidomid [120]
e
(REVLIMI
D)
Belantamab | BLENREP | BCMA Multiple On March [121],
mafodotin - myeloma 20, 2023, [122],
bimf FDA [123],
revoked [124]
biologics
license for
BLENREP
due to the

failure of the
confirmatory
DREAMM-
3trial to
meet its
primary
endpoint,
which was to
establish
superior
progression-
free survival.
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Naxitamab -
gagk

DANYELZA

GD2

High-risk
neuroblasto
ma and
refractory
osteomedulla
ry disease

Approved in
combination
with
granulocyte-
macrophage
colony-
stimulating
factor (GM-
CSF), for
pediatric
patients
aged one
year and
above, as
well as
adult
patients
experiencin
g relapsed
or refractory
high-risk
neuroblasto
ma.

[125],
[126],
[127],
[128]

Dostarlimab
-gxly

JEMPERLI

PD-1

Endometrial
cancer

Approved in
combination
with
chemothera
Py

[129],
[130],
[131],
[132],
[133]

Amivantam
ab -vmjw

RYBREVAN
T

EGFR,
CMET

NSCLC with

EGFR exon

20 insertion
mutations

Approved in
combination
with
carboplatin
and
pemetrexed
for the first-
line
treatment of
NSCLC

[134],
[135],
[136],
[137]

Loncastuxi
mab tesirine

-Ipyl

ZYNLONTA

CD19

Diffuse large
B-cell
lymphoma

Zynlonta is
an
intravenous,
CD19-
directed
antibody
and
alkylating

[130],
[138],
[139],
[140]

8l|Page




E-ISBN: 978-1-68576-521-7

conjugate

agent

Table 2: List of Clinically Approved Drug Targets in Humans, Accompanied
by Compounds Documented in the ChEMBL Database (as of February 2024).

CHEMBL Name UniProt| Type |Organism |Compounds| Activiti
ID Accessio es
ns
CHEMBL | Serine/thr | Q9UPZ9 | SINGLE | Homo 426 484
1163126 eonine- PROTEI | sapiens
protein N
kinase
ICK
CHEMBL | Nuclear Q9Y6Q9 | SINGLE | Homo 240 240
1615382 receptor PROTEI | sapiens
coactivato N
r3
CHEMBL |PHD Q86YI8 | SINGLE | Homo 2 2
1764945 finger PROTEI | sapiens
protein 13 N
CHEMBL | Bromodo | Q58F21 |SINGLE | Homo 278 549
1795185 main PROTEI | sapiens
testis- N
specific
protein
CHEMBL | STE20- Q7RTN | SINGLE | Homo 261 270
1795198 related 6 PROTEI | sapiens
kinase N
adapter
protein
alpha
CHEMBL | Kinesin- Q96089 | SINGLE | Homo 6 32
2021752 like PROTEI | sapiens
protein N
KIF20B
CHEMBL | Anoctami | Q5XXA | SINGLE |Homo 180 229
2046267 n-1 6 PROTEI | sapiens
N
CHEMBL | Phosphati | P60484 | SINGLE |Homo 4 4
2052032 dylinositol PROTEI | sapiens
3,4,5- N
trisphosph
ate 3-
phosphata
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se and
dual-
specificity
protein
phosphata
se PTEN
CHEMBL | Estrogen | P03372 | SINGLE | Homo 7671 15446
206 receptor PROTEI | sapiens
alpha N
CHEMBL | Estrogen | Q92731 | PROTEI | Homo 1788 3070
2093866 receptor P03372 | N sapiens
FAMILY
CHEMBL |Peroxisome| P37231 | PROTEI |Homo 749 749
2095161 proliferator | Q9Y6Q9 | N- sapiens
-activated PROTEI
receptor \\
gamma/Nu INTERA
clear CTION
receptor
coactivator
3
CHEMBL | Fructose- | P04075 | SINGLE | Homo 1 1
2106 bisphosph PROTEI | sapiens
ate N
aldolase A
CHEMBL | Protein Q8TCG | SINGLE | Homo 7 21
2146355 CIP2A 1 PROTEI | sapiens
N
CHEMBL | ATPase Q6PL18 | SINGLE | Homo 369 586
2150837 family PROTEI | sapiens
AAA N
domain-
containing
protein 2
CHEMBL | Dual Q9BV47 | SINGLE | Homo 14 14
2295562 specificity PROTEI | sapiens
protein N
phosphata
se 26
CHEMBL | Mitochon | P03923 | PROTEI |Homo 13 28
2363065 drial 095299 | N sapiens
complex || 000217 | COMPL
(NADH P03901 | EX
dehydroge | P56556
nase) P03886
095139
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000483
Q86Y39
P17568
P03891
075306
P03915
P51970
043674
P03905
P03897
014561
015239
043181
043676
043677
043678
043920
075251
075380
075438
075489
095167
095168
095169
095178
095182
095298
096000
P19404
P28331
P49821
P56181
Q16718
Q16795
Q8N183
Q9BU61
QINRX3
QINX14
Q9P032
Q9P0JO
Q9UI09
Q9Y375
Q9Y6M9

CHEMBL
2364701

26S
proteasom
e

Q99460
P49721
P20618

PROTEI
N
COMPL

Homo
sapiens

65

143
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P28074
P28062
P28065
P28072
000487
P25786
P25787
P25788
P25789
P28066
P60900
014818
Q8TAA3
P40306
ASLHX3
P49720
P28070
Q99436
Q16186
P35998
P62191
P43686
P62333
P17980
P62195
Q13200
043242
000232
000231
Q15008
P51665

Q9UNMS6
P55036
P48556
P60896

EX

CHEMBL
242

Estrogen
receptor
beta

Q92731

SINGLE
PROTEI
N

Homo
sapiens

4863

8979

CHEMBL
3038485

Beta-N-
acetyl-D-
hexosamin
idase-A/B

PO7686
P06865

PROTEI
N
FAMILY

Homo
sapiens

50

71

CHEMBL
3112376

Alpha-
ketoglutar
ate-
dependent

Q96Q83

SINGLE
PROTEI
N

Homo
sapiens

75

100
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dioxygena
se alkB
homolog 3
CHEMBL | Mucin-16 | Q8WXI | SINGLE | Homo
3580482 7 PROTEI | sapiens
N
CHEMBL | Mucin-1 | P15941 | SINGLE |Homo 10 26
3580494 PROTEI | sapiens
N
CHEMBL | Testis- Q9BXA | SINGLE | Homo 15 17
3627582 specific 6 PROTEI | sapiens
serine/thre N
onine-
protein
kinase 6
CHEMBL | Kinesin- | QINS87 | SINGLE | Homo 32 55
3632454 like PROTEI | sapiens
protein N
KIF15
CHEMBL | Ovarian Q15743 | SINGLE | Homo 71 279
3713916 cancer G- PROTEI | sapiens
protein N
coupled
receptor 1
CHEMBL | Lysine- Q9UGL | SINGLE | Homo 561 755
3774295 specific 1 PROTEI | sapiens
demethyla N
se 5B
CHEMBL | Interleuki | P24394 | PROTEI | Homo
3831285 n 13 | P78552 | N sapiens
receptor COMPL
EX
CHEMBL | tRNA- QI9NX74 | SINGLE | Homo 1 1
3879825 dihydrouri PROTEI | sapiens
dine (20) N
synthase
[NAD(P)+
]-like
CHEMBL | Aurora 014965 | PROTEI | Homo 23 24
3883304 kinase Q9ULW | N sapiens
AlTargeti |0 COMPL
ng protein EX
for Xklp2
CHEMBL | Baculovir | P03372 |PROTEI |Homo 4 7
3885521 al IAP | Q13490 | N sapiens
repeat- COMPL
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containing EX

protein

2/Estrogen

receptor
CHEMBL | LKBI1- Q15831 | PROTEI | Homo 2 2
3885534 STRAD- |Q7RTN | N sapiens

MO25 6 COMPL

complex | Q9Y376 |EX
CHEMBL | Mixed QIONYL | SINGLE | Homo 1295 1473
3886 lineage 2 PROTEI | sapiens

kinase 7 N
CHEMBL | Obg-like | QINTK | SINGLE | Homo 188 188
4105704 ATPasel |5 PROTEI | sapiens

N

CHEMBL | L-type 075387 | SINGLE | Homo 7 7
4148 amino PROTEI | sapiens

acid N

transporter

3
CHEMBL | Cancer- Q9BSD7 | SINGLE | Homo 1 2
4295936 related PROTEI | sapiens

nucleoside N

triphospha

tase
CHEMBL | X antigen | Q9HD64 | SINGLE | Homo 1 1
4295952 family PROTEI | sapiens

member 1 N
CHEMBL | Melanoma | P43358 | SINGLE | Homo 20 38
4296022 - PROTEI | sapiens

associated N

antigen 4
CHEMBL | Lysine- P29375 | PROTEI |Homo 88 101
4296073 specific Q9UGL | N sapiens

demethyla | 1 FAMILY

se 5A/5B
CHEMBL | Bromodo |P25440 |PROTEI |Homo
4296614 main and | 060885 | N sapiens

extra- Q58F21 | FAMILY

terminal Q15059

motif

(BET)
CHEMBL | Glycerol- | Q53EU6 | SINGLE | Homo 1 6
4523318 3- PROTEI | sapiens

phosphate N

acyltransf
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erase 3
CHEMBL | START Q9Y365 | SINGLE | Homo 9 9
4523506 domain- PROTEI | sapiens
containing N
protein 10
CHEMBL | Spindlin-1 | Q9Y657 | SINGLE | Homo 23 66
4523509 PROTEI | sapiens
N
CHEMBL | Speckle- |P60484 |PROTEI |Homo 1 4
4523606 type POZ | 043791 | N- sapiens
protein/PT PROTEI
EN N
INTERA
CTION
CHEMBL | A-kinase | P61586 |PROTEI | Homo 1 1
4523643 anchor Q12802 | N sapiens
protein COMPL
13/Transf EX
orming
protein
RhoA
CHEMBL | Protein P03372 | PROTEI | Homo 22 39
4523681 cereblon/E | Q96SW | N- sapiens
strogen 2 PROTEI
receptor N
INTERA
CTION
CHEMBL | Protein P03372 | PROTEI | Homo 2 8
4523713 cereblon/ | Q96SW | N- sapiens
Cullin- 2 PROTEI
4A/Estrog | Q13619 | N
en INTERA
receptor CTION
CHEMBL | Estrogen |P03372 |PROTEI | Homo 2 3
4523721 receptor/E | P98170 | N- sapiens
3 PROTEI
ubiquitin- N
protein INTERA
ligase CTION
XIAP
CHEMBL | VHL/Estr | P03372 |PROTEI | Homo 17 39
4523726 ogen P40337 | N- sapiens
receptor PROTEI
N
INTERA
CTION
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CHEMBL | VHL/Culli | PO3372 | PROTEI |Homo 37 138
4523754 n- P40337 | N- sapiens
2/Estrogen | Q13617 | PROTEI
receptor N
alpha INTERA
CTION
CHEMBL | Melanoma | P43357 | SINGLE |Homo
4662941 - PROTEI | sapiens
associated N
antigen 3
CHEMBL | Cereblon/ | Q96SW | PROTEI | Homo 1 1
4742282 Small 2 N- sapiens
EDRK- P84101 | PROTEI
rich factor N
2 INTERA
CTION
CHEMBL | HEC1/NE | P51955 |PROTEI |Homo 1 2
4802034 K2 014777 | N- sapiens
PROTEI
N
INTERA
CTION
CHEMBL Cancer/testis| P78358 | SINGLE | Homo
4804257  antigen 1 PROTEIN | sapiens
CHEMBL | PDz- Q96KB5 | SINGLE | Homo 954 995
4896 binding PROTEIN| sapiens
Kinase
CHEMBL | Mitogen- | P41279 | SINGLE | Homo 392 453
4899 activated PROTEI | sapiens
protein N
Kinase
Kinase
kinase 8
CHEMBL | Kita- Q5H943 | SINGLE | Homo 1 4
5169155 kyushu PROTEI | sapiens
lung N
cancer
antigen 1
CHEMBL | YTH Q9BYJ9 | SINGLE | Homo 2 2
5169192 domain- PROTEI | sapiens
containing N
family
protein 1
CHEMBL | Palmitoylt | QOUIJ5 | SINGLE | Homo 11 13
5169204 ransferase PROTEI | sapiens
ZDHHC?2 N
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CHEMBL | Targeting | QOQULW | SINGLE | Homo 6 6
5389 protein for | 0 PROTEI | sapiens

XKklp2 N
CHEMBL | ATP- Q9UNQ | SINGLE | Homo 2009 4860
5393 binding 0 PROTEI | sapiens

cassette N

sub-family

G member

2
CHEMBL | Cyclin- 014519 | SINGLE | Homo 33 33
5578 dependent PROTEI | sapiens

kinase 2- N

associated

protein 1
CHEMBL | Serine/thr | Q9Y3S1 | SINGLE | Homo 380 570
5639 eonine- PROTEI | sapiens

protein N

Kinase

WNK?2
CHEMBL | Kinetocho | 014777 | SINGLE | Homo 5 14
5660 re protein PROTEI | sapiens

NDC80 N

homolog
CHEMBL | Beta- P07686 | SINGLE |Homo 75 131
5877 hexosamin PROTEI | sapiens

idase N

subunit

beta
CHEMBL | Breast P38398 | SINGLE | Homo 15823 15908
5990 cancer PROTEI | sapiens

type 1 N

susceptibil

ity protein
CHEMBL | Colon CELL- Homo 28 54
612260 cancer cell LINE sapiens

line
CHEMBL | KATO Il CELL- Homo 95 114
612700 stomach LINE sapiens

cancer cell

lines
CHEMBL | Ovarian CELL- Homo 74 102
613895 cancer cell LINE sapiens

line
CHEMBL | Renal CELL- Homo 42 66
614005 cancer cell LINE sapiens

line
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CHEMBL | Tumor CELL- Homo 10 10
614648 cancer cell LINE sapiens

line
CHEMBL | Breast CELL- Homo 35 85
614788 cancer cell LINE sapiens

lines
CHEMBL | Lung CELL- Homo 22 22
614790 cancer cell LINE sapiens

line

3. COLLECTIVE PATHWAYS IN CANCER
PI13K/Akt/m TOR Pathway and Inhibition

Unregulated activation of the PISBK/Akt/mTOR pathway leads to several
hallmarks of cancer, including sustained growth signaling, inhibition of
apoptosis, continual angiogenesis, increased tissue invasion and metastasis and
insensitivity to antigrowth signals. PI3Ks are a group of intracellular lipid
Kinases that catalyze the phosphorylation of phosphatidylinositol and
phosphoinositides at the 3'-hydroxyl group [14]. They are categorized into three
classes (I-I11), each playing distinct roles in signal transduction. Class | PI3Ks,
further divided into class IA and IB, are activated by growth factor receptor
tyrosine kinases and G-protein-coupled receptors, respectively [19]. The class
IA PI3K is a heterodimer composed of a p85 regulatory subunit (encoded by
PIK3R1, PIK3R2, and PIK3R3 genes) and a p110 catalytic subunit (encoded by
PIK3CA, PIK3CB, and PIK3CD genes). Class Il PI3Ks only consist of a
p110-like catalytic subunit (encoded by PIK3C2A, PIK3C2B, and PIK3C2G
genes), while class Il PI3K comprises a single catalytic member, Vps34
(encoded by PIK3C3 gene), which interacts with the adapter protein Vpsl5
(encoded by PIK3R4 gene) [18], [141].

The roles of PI3K classes are broadly categorized into cell signaling
(class 1 and Il) and membrane trafficking (class Il and I1I). Class IA PI3KSs,
particularly the p110a isoform, are heavily implicated in human cancer, with
mutations or amplifications of the PIK3CA gene found across various
malignancies [14], [141]. Inhibition of p110a isoform in breast cancer as well as
head and neck cancer has shown increased tumorigenesis [14], [141].
Furthermore, other class IA isoforms such as pl110 and pl110 also play
modulatory roles in cancer. Preclinical data indicates functional redundancy
among class IA PI3Ks, where a small fraction of total activity is sufficient for
cell survival and proliferation. Inhibition of specific isoforms such as p110 may
cause upregulation of alternative pathways such as the ERK pathway.
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Activation of PI3K leads to the phosphorylation of phosphatidylinositol
4,5-bisphosphate (PIP2) to produce PI(3,4,5)P3 (PIP3), which triggers
downstream signaling. Akt, a member of the AGC protein kinase family, is
activated by PI3K/Akt pathway and regulates various cellular processes
including apoptosis, cell cycle, and immune modulation [18]. Akt activation
inhibits proapoptotic factors and promotes cell survival. Additionally, Akt
modulates NF«B transcription factor, preventing its negative regulation by IxB
family proteins. Akt also activates mTOR pathway, promoting tumorigenesis,
cell cycle progression, and inhibition of apoptosis [141].

Dysregulation of the PI3K/Akt/mTOR pathway is well-documented in
cancer, with somatic mutations and gene amplifications found in various
cancers [14], [19], [18], [141] Mutations in PIK3CA are prevalent in
hepatocellular [142], breast [143], [144], and colon cancers [145], [146], while
PTEN loss is common in glioblastoma [147], [148], [149], [150], prostate [151],
[152], breast [153], [154], [155], melanoma [156], and gastric cancers [157].
Akt amplifications and mutations have been identified in several cancers,
contributing to constitutive activation of the pathway.

Increased  activation of the  phosphatidylinositol  3-kinase
(PI13K)/Akt/mechanistic target of rapamycin (MTOR) pathway leads to
numerous hallmarks of cancer, including acquired growth signal autonomy,
inhibition of apoptosis, sustained angiogenesis, increased tissue invasion and
metastasis and insensitivity to antigrowth signals. Therefore, this pathway is an
attractive target for novel anticancer therapies.

Targeted Therapy Against the PIBK/Akt/mTOR Pathway

Targeted therapies in cancer treatment emphasis on interrupting specific
molecular pathways or targets that are critical for tumor development and
survival while reducing damage to normal cells. These therapies often exploit
vulnerabilities in cancer cells that arise from genetic mutations or unregulated
signaling pathways [14], [18]. During the past years, the targeted treatment of
various cancers such as NSCLC [158], breast cancer [159], oral cancer [18],
[19], pancreatic cancer etc has been developed, and tyrosine kinase inhibitors
(TKIs) has been extensively explored (Table 3). TKIs target receptor tyrosine
kinases, which play key roles in PI3BK-AKT-mTOR signaling pathways and
blocks the activity of these kinases, inhibiting downstream signaling and
impeding cancer cell proliferation and survival.

92|Page



Chapter-4: Unveiling the Landscape of Cancer: From Therapeutic Targets to their Inhibition

Table 3: List of Known TKIs Targeting PISK/Akt/mTOR Pathway

Sl.no

Compounds

Commercial
Name

Structure

Specificity

Description

References

Everolimus

Afinitor

Ho™~O-

mTOR
inhibitor

Similar to Temsirolimus, it
inhibits MTOR and has been
approved for various cancers,
including  advanced breast
cancer, pancreatic
neuroendocrine  tumors, and
RCC.

[100],
[101], [105]

Sirolimus

Rapamune

mTOR
inhibitor

Sirolimus inhibits the mTOR
pathway, exerting
antiproliferative and
antiangiogenic effects in cancer
cells. Recently, U.S. Food and
Drug Administration (FDA)
approved  sirolimus  protein-
bound particles for malignant
perivascular  epithelioid cell
tumor.

[160], [161]
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It inhibits mTOR and is used for

Temsirolimus | Torisel inr:-r:iCb)iTor the treatment of advanced RCC Hg]z] [102],
idney cancer).
(kid )
It selectively inhibits the alpha
isoform of PI3K and is approved
Alpelisib Pigray liDnIr?iI;itor for hormone receptor-positive, Hg] 18],
HER2-negative breast cancer
with PIK3CA mutations.
It inhibits both the delta and
PI3K gamma isoforms of PI3K and is
Duvelisib Copiktra inhibitor approved for certain types of | [164], [165]

blood cancers, including CLL
and follicular lymphoma.
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This is another PI3K inhibitor

Copanlisib Aligopa I.DB.K. approved for the treatment of | [166], [167]
inhibitor .
relapsed follicular lymphoma.
It is an FDA approved inhibitor
that inhibits the delta isoform of
PIBK and is wused for the
Idelalisib Zydelig !3|3.K. treatment of certain types of 561, [571,
inhibitor .| [58]
blood cancers, such as chronic
lymphocytic leukemia (CLL)
and follicular lymphoma.
This is a pan-PI3K inhibitor that
PI3K has been studied in clinical trials
Buparlisib BKM120 inhibitor for wvarious solid tumors, | [168], [169]

including breast cancer and
glioblastoma.
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Ras-Raf-MEK-ERK Pathway and Inhibition

The mitogen-activated protein kinase (MAPK) signaling pathway has
highly conserved central regulators of cell proliferation, cell cycle progression,
and survival, which are activated in response to numerous extracellular signals.
While primarily transmitting mitogenic signals, this pathway is involved in
numerous cancers beyond cutaneous melanomas. Colorectal cancer [170], [171],
lung cancer [172], [173], pancreatic cancer [174], thyroid cancer [175], [176],
ovarian cancer [177], [178], breast cancer [179], [180], [181], [182], prostate
cancer [183], [184], HNSCC [18], [19], [185], brain tumors like glioblastoma
[186], [187], [188], and liver cancer [189], [190], [191], [192] are among the
malignancies where the MAPK pathway dysregulation plays a significant role.
The unusual activation of this pathway contributes to tumor initiation,
progression, and metastasis across these cancer types, emphasizing its potential
as a therapeutic target [20], [21], [22].

Upon activation by membrane receptors, RAS recruits RAF kinases to the
plasma membrane, resulting in a cascade wherein RAF phosphorylates MEK.
Active MEK, in turn, phosphorylates ERK, which can translocate to the nucleus
to modulate transcription factors and cytosolic targets essential for cell
functions. MEK and ERK exist in isoforms, MEK1/2 and ERK1/2, respectively,
with MEK displaying narrow substrate specificity while ERK exhibits broad
specificity [20], [21], [193].

RAS is a key upstream regulator that undergoes activation through a
series of events involving GRB2-SOS complexes at the cell membrane. This
activation culminates in RAF activation and subsequent signaling cascade
Initiation. The pathway is tightly regulated by negative feedback mechanisms
and interacts with the RAS-PI3K-AKT-mTOR pathway, leading to cross-
inhibition and convergence on shared substrates [20]. Understanding the
intricate regulation and interactions of the RAS-RAF-MEK-ERK pathway is
crucial for devising effective therapeutic strategies for cancer treatment.

Targeted Therapy against RAS-RAF-MEK-ERK Pathway

Targeted therapy against the RAS-RAF-MEK-ERK pathway represents a
compelling strategy in cancer treatment, particularly for malignancies where
this pathway is disrupted. Numerous approaches have been devised to inhibit
key elements of this pathway at different stages. Efforts to target RAS, although
challenging due to its elusive binding pocket, involve the development of small
molecule inhibitors and interventions targeting upstream regulators of RAS
activation [194], [195], [196]. Inhibition of RAF kinases, including BRAF, has
been achieved through small molecule inhibitors aimed at blocking their kinase
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activity, showing promise in cancers harboring BRAF mutations like melanoma
and colorectal cancer [197], [198], [199]. MEK inhibitors have also been
developed to disrupt MEK-mediated phosphorylation of ERK, demonstrating
efficacy in various cancers such as melanoma, NSCLC and HNSCCJ[185], [200],
[201], [202] (Table 4). While direct inhibition of ERK remains challenging,
ongoing research explores inhibitors targeting ERK or its upstream regulators.
Combinatorial approaches, simultaneously targeting multiple pathway
components, are under investigation to combat resistance mechanisms and
enhance therapeutic outcomes [201], [202]. Moreover, biomarker-driven
strategies are being explored to identify patient subsets likely to benefit most
from targeted therapy against the RAS-RAF-MEK-ERK pathway. Despite
obstacles like drug resistance and toxicity, targeted therapy against this pathway
offers significant potential in cancer treatment and remains an active area of
research in oncology.

The Ras-Raf-MEK-ERK and PI3-AKT-mTOR pathway are also triggered
by the activation of Fibroblast growth factors (FGF) and FGF receptor (FGFRS)
signaling, causing receptor dimerization, phosphorylation of receptor kinases,
and subsequent activation of gene transcription [203]. Therefore, developing
anti-FGFR treatment strategies could be efficient in addressing different cancers
[204], [205]. Several small molecules, including Lucitanib, Dovitinib, and
Lenvatinib, are currently being studied in preclinical trials to assess their
effectiveness in cancer treatment [203].

97|Page



E-ISBN: 978-1-68576-521-7

Table 4: List of Known TKIs Targeting RAS-RAF-MEK-ERK Pathway

Sl.no

Compounds

Commercial
Name

Structure

Specificity

Description

References

Vemurafenib

Zelboraf

\

BRAF

Inhibits mutant BRAF
kinase and is used in the
treatment of BRAF V600E
mutation-positive
metastatic melanoma.

[199]

Dabrafenib

TAFINLAR

BRAF

Another inhibitor  of
mutant BRAF  Kinase,
primarily used in BRAF
V600E mutation-positive
metastatic melanoma and
NSCLC.

[200], [201]

Trametinib

Mekinist

MEK1
MEK?2

Targets MEK1 and MEK2,
approved for use in
metastatic melanoma with
BRAF V600E or V600K
mutations, as well as in
combination therapy for
NSCLC with BRAF
V600E mutation.

[200], [201],
[202], [203]
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Also inhibits MEK1 and
MEK2 and is wused in
combination with
vemurafenib for the
treatment of BRAF V600
mutation-positive
metastatic melanoma.

[204], [205],
[206], [207]

Binimetinib

Mektovi

MEK1
MEK?2

A selective inhibitor of
MEK1 and MEK?2,
approved for the treatment
of unresectable or
metastatic melanoma with
BRAF V600E or V600K
mutations.

[208], [209]

Encorafenib

Braftovi

BRAF

Inhibits mutant BRAF
kinase and is used in
combination with
binimetinib for the
treatment of unresectable
or metastatic melanoma
with BRAF V600E or
V600K mutations.

[209], [210],
[211], [212]
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Tumor Suppressor Pathways and Inhibition

The onset of cancer, known as malignant transformation, is primarily due
to the activation of oncogenes or the deactivation of tumor suppressor genes
(TSGs), resulting in unrestricted cell development and survival. TSGs are
pivotal in maintaining normal cell functions and preventing the formation of
tumors [220], [221], [222], [223]. Key TSGs like RB1 and p53 oversee essential
cellular processes such as halting cell division, triggering cell aging, repairing
DNA damage, and inducing cell death in response to various stresses [224],
[225], [226]. Alterations in TSGs, including mutations or deletions, are essential
in the development of different types of cancers. For instance, mutations in
genes like PTEN (prostate cancer), APC (colon cancer), MADR2 (colon cancer),
BRCA1 and BRCAZ2 (breast and ovarian cancer), and SPINOPHILIN (lung,
colorectal, gastric, glioblastoma, and breast cancer) are linked to various
cancers, disrupting the normal functions of TSGs, and leading to unregulated
cell growth and survival [220], [227], [228]. Normally, TSG-encoded proteins
restrict cell proliferation or survival, and their malfunction causes tumor
formation by removing key negative regulatory mechanisms. For example, p53
Is an extensively studied TSG, which is crucial for regulating cell cycle
progression and triggering cell death in response to DNA damage [229]. The
loss of p53 function disrupts DNA damage-induced cell cycle arrest and cell
death, resulting in increased mutation rates and genetic instability, common
characteristics of cancer cells [230]. Furthermore, loss of p53 function
contributes to tumor resistance to chemotherapy and interferes with cell death
induced by various stimuli [229], [230], [231]. In most cancers, the p53 tumor
suppressor pathway is inactive. Promising anticancer therapies aim to restore
p53 function through methods such as gene therapy delivery of p53, RNA
interference targeting p53 inhibitors, and the use of small molecules designed to
activate p53 [232]. Until January 2023, there are no FDA-approved small
molecule activators of p53 for cancer therapy. However, various small
molecules targeting the p53 pathway are under investigation in clinical trials
[233]. Another tumor suppressor, PTEN counters the effects of Pl 3-kinase and
Akt, which promote cell survival. Inactivation of PTEN increases cell survival
and contributes to tumor growth [234]. Similarly, proteins from INK4 and
PTEN genes regulate cell division and act as inhibitors of cell proliferation.
Additionally, TSGs produce proteins that regulate the expression of genes
involved in cell growth and division. Disruption of these TSGs can lead to
abnormal expression of growth-promoting factors, fueling tumor cell
proliferation. Moreover, TSGs like Rb and INK4 govern the progression of the
cell cycle, and their malfunction results in uncontrolled cell division [228],
[234], [235]. Therefore, alterations in TSGs significantly contribute to cancer
development and progression by promoting uncontrolled cell growth, survival,
and genetic instability. Understanding the roles and regulation of TSGs is
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essential for developing effective strategies for cancer prevention and treatment.
Some promising small molecules stabilizers and activators of p53 currently in
preclinical trials for cancer treatment are as follows:

1.

Nutlin-3: Nutlin-3 is a small molecule inhibitor of the interaction between
p53 and its negative regulator, MDM2 [236]. By blocking this interaction,
Nutlin-3 stabilizes p53, leading to its activation and subsequent induction of
apoptosis in cancer cells [237]. Nutlin-3 has shown efficacy in preclinical
models of various cancers, including leukemia, lymphoma, and solid tumors
such as melanoma, breast cancer, head and squamous cell carcinoma and
others [236], [237], [238].

RITA (Reactivation of p53 and Induction of Tumor cell Apoptosis):
RITA is another small molecule that stabilizes and activates p53 by
disrupting its interaction with MDM2 [232]. Preclinical studies have
demonstrated the ability of RITA to induce apoptosis in cancer cells
harboring wild-type p53, making it a potential candidate for p53-targeted
cancer therapy [239], [240], [241]. It has been investigated on various cancer
types such as breast cancer, oral cancer, colorectal cancer, and glioblastoma
among others [94], [242], [243], [244], [245].

PRIMA-1 and PRIMA-1Met (APR-246): PRIMA-1 and its methylated
derivative, PRIMA-1Met, are small molecules that reactivate mutant p53 by
restoring its wild-type conformation and function [246], [247], [248]. These
compounds have shown efficacy in preclinical models of various cancers
with mutant p53, including ovarian cancer, colorectal cancer, and prostate
cancer [249], [250], [251], [252].

MIRA-1: MIRA-1 is a small molecule that stabilizes p53 by inhibiting its
interaction with MDMX, another negative regulator of p53 [253]. Preclinical
studies have demonstrated the ability of MIRA-1 to induce apoptosis and
inhibit tumor growth in various cancer models, including breast cancer and
neuroblastma [253].

Tenovin-6: Tenovin-6 is a small molecule that activates p53 by inhibiting
the activity of SIRT1, a histone deacetylase that negatively regulates p53
[254]. Preclinical studies have shown that Tenovin-6 can induce apoptosis
and inhibit tumor growth in various cancer models, including lung cancer
and uveal cancer [254], [255], [256].
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Telomerase Pathway and Inhibition

In cancer, telomerase plays a crucial role in enabling unlimited
proliferation and immortalization of malignant cells. The upregulation of
telomerase activity is a hallmark of many cancer types, providing cancer cells
with the capability to maintain telomere length and evade replicative senescence,
a natural barrier to uncontrolled cell growth [257], [258], [259]. The
dysregulation of telomerase expression and activity is often observed in various
stages of cancer development, contributing to tumor initiation, progression, and
metastasis [258]. One of the primary mechanisms by which cancer cells achieve
telomerase upregulation is through alterations in the expression of telomerase
components, particularly telomerase reverse transcriptase (TERT). TERT s
frequently overexpressed in cancer cells, driven by genetic alterations such as
amplifications, mutations, or epigenetic modifications within the TERT
promoter region. These alterations result in enhanced transcriptional activation
of TERT, leading to increased telomerase activity and telomere maintenance in
cancer cells [258], [259], [260]. Moreover, signaling pathways involved in cell
growth, survival, and oncogenesis can modulate TERT expression and
telomerase activity. For instance, oncogenic pathways such as PI3K/AKkt,
Wnt/B-catenin, and NF-kB have been implicated in promoting TERT
transcription, thereby promoting telomerase activity and telomere elongation in
cancer cells [261], [262]. Conversely, tumor suppressor pathways like p53 and
Transforming growth factor beta (TGF-B) act as negative regulators of TERT
expression, exerting tumor-suppressive effects by inhibiting telomerase activity
and inducing telomere shortening [263]. In addition to transcriptional regulation,
post-translational modifications and protein-protein interactions can influence
telomerase function in cancer. Alterations in the composition and activity of the
shelterin complex, which interacts with telomerase and regulates its access to
telomeres, can impact telomerase-mediated telomere maintenance in cancer
cells. Dysregulation of shelterin proteins, such as TRF1, TRF2, and POT1, can
disrupt telomere structure and function, leading to genomic instability and
promoting tumorigenesis. Several compounds have been investigated for their
potential to target telomerase activity and telomere maintenance in cancer
therapy [264], [265], [266], [267]. Imetelstat (GRN163L) is a synthetic
oligonucleotide designed to competitively inhibit telomerase by binding to the
RNA component (TERC) of the telomerase enzyme. This binding prevents the
addition of telomeric repeats onto chromosome ends, inducing telomere
shortening and eventual cell death. Imetelstat has shown promising results in
preclinical and clinical studies across various cancers, particularly
hematological malignancies and solid tumors [268], [269]. Similarly,
BIBR1532 acts as a non-nucleoside small molecule inhibitor of telomerase,
interfering with its catalytic activity. By disrupting telomerase function,
BIBR1532 induces telomere shortening and cellular senescence in cancer cells.
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Preclinical investigations are ongoing to explore its potential as a therapeutic
agent for cancer treatment [270], [271], [272]. HIV/AIDS treatmentido-3'-
deoxythymidine (AZT), also known as zidovudine, primarily utilized in
HIV/AIDS treatment, has demonstrated inhibitory effects on telomerase activity.
AZT acts as a competitive substrate for the telomerase enzyme, interfering with
its function and leading to reduced telomere length. Preclinical studies have
suggested potential antitumor effects of AZT, highlighting its candidacy as an
adjunct therapy for cancer treatment [273], [274], [275].

Overall, these compounds represent promising avenues for targeting
telomerase activity and telomere maintenance in cancer therapy, offering
potential strategies to combat cancer progression and enhance therapeutic
outcomes.

ALT Pathway and Inhibition

The ALT pathway represents a unique mechanism for maintaining
telomere length in cancer cells, distinct from the more common telomerase
pathway. ALT is characterized by homology-directed telomere synthesis,
primarily achieved through homologous recombination (HR) [276]. In ALT-
positive cells, telomeres undergo recombination events, where segments of
telomeric DNA are exchanged between sister chromatids or non-homologous
chromosomes, allowing telomere extension without telomerase involvement
[258]. Central to ALT functioning is the chromatin remodeling complex
comprising ATRX (Alpha Thalassemia/Mental Retardation Syndrome X-
Linked) and DAXX (Death-Domain Associated Protein), essential for
depositing histone variant H3.3 at telomeric regions [276], [277]. Mutations or
loss of ATRX and DAXX are common in ALT-positive cancers, contributing to
dysregulated telomere maintenance. In cancer treatment, targeting the ALT
pathway has emerged as a potential therapeutic strategy. While ALT-specific
inhibitors are less studied than those targeting telomerase, various approaches
have been explored. One promising avenue is inhibiting the ATRX and DAXX
complex to disrupt H3.3 deposition at telomeres and ALT-associated telomere
maintenance [277], [278]. However, developing specific inhibitors for ATRX
and DAXX remains challenging.

VEGF Pathway and Inhibition

The VEGF family members play critical roles in angiogenesis, the
formation of new blood vessels essential for various physiological and
pathological processes. Among these members, VEGF-A stands out as a major
contributor to angiogenesis [29], [279], [280]. It is ubiquitously expressed in
vascular tissues, macrophages, tumor cells, and other cell types. Its binding to
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VEGF Receptor-2 (VEGFR-2) triggers dimerization, autophosphorylation, and
activation of downstream signaling pathways, pivotal for endothelial cell
proliferation, migration, and angiogenic functions[281]. Upon binding to
VEGFR-2, VEGF-A initiates the activation of phospholipase C y (PLC-y),
which hydrolyzes phosphatidylinositol-4,5-bisphosphate (P1(4,5)P2) to generate
inositol triphosphate (IP3) and diacylglycerol (DAG). IP3 induces intracellular
Ca2+ release, enhancing vascular permeability, while DAG activates protein
kinase C (PKC), facilitating endothelial cell proliferation via the Raf1-MEK1/2-
ERK1/2 pathway [281]. Additionally, VEGF-A binding to VEGFR-2 leads to
phosphorylation of phosphoinositide 3-Kinase (PI3K), which converts
phosphatidylinositol  4,5-bisphosphate (PIP2) to phosphatidylinositol 3-
phosphate (PIP3). PIP3 induces phosphorylation of serine/threonine-specific
protein kinase (AKT), activating endothelial nitric oxide synthase (eNOS) to
produce nitric oxide (NO), further promoting endothelial cell proliferation and
migration [29], [281]. Other members of the VEGF family, such as VEGF-B,
VEGF-C, VEGF-D, and Placental Growth Factor (PIGF), also contribute to
angiogenesis and vascular remodeling through binding to their respective
receptors. VEGF-B predominantly binds to VEGFR-1 and Neuropilin-1 (NRP-
1), influencing tumor angiogenesis and ischemic conditions. VEGF-C and
VEGF-D mainly interact with VEGFR-3, playing crucial roles in
lymphangiogenesis. VEGF-D is particularly implicated in tumor metastasis to
regional lymph nodes. Furthermore, PIGF primarily binds to VEGFR-1,
regulating blood vessel growth and maturation by modulating endothelial and
parietal cell proliferation. The elevation of VEGF has been observed across
various tumor types, both benign and malignant, such as juvenile hemangioma,
glioblastoma multiforme, melanoma, breast, lung, head and neck, ovarian,
gastrointestinal tract, and renal carcinomas. In a subgroup of melanoma patients,
heightened VEGF levels have been shown to correspond with tumor thickness.
Another study indicated that VEGF enhances the mitogenic potential in stromal
cells, including immune cells, derived from human tumor biopsies [279].
Research also indicates that VEGF plays a multifaceted role in tumors, not only
promoting angiogenesis but also directly impacting cancer cells [282]. VEGF
can facilitate tumor development and progression by engaging with receptors
expressed on tumor cells, either through autocrine or paracrine mechanisms. In
addition to tyrosine kinases, neuropilins (NRPs) also play a vital role in
mediating VEGF's effects on tumor cells by regulating the function and
transportation of growth factor receptors and integrins [281], [283]. In lung
cancer, autocrine VEGF has been observed to activate mitogen-activated protein
kinase (MEK)/extracellular signal-regulated kinase (ERK) and PI3K/AKT
signaling pathways, promoting cell proliferation in non-small cell lung cancer
(NSCLC). Furthermore, NRP1 has been identified as a key regulator in VEGF-
driven NSCLC cell proliferation. However, studies have demonstrated that
blocking endogenous VEGF with bevacizumab, a VEGF antibody, did not
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effectively inhibit NSCLC cell line growth, indicating that VEGF alone may not
sustain lung cancer cell proliferation in vitro [281], [284]. It is suggested that
the development of NSCLC is influenced by various factors within the tumor
microenvironment (TME). Consequently, in isolated cell lines lacking tumor
angiogenesis or TME, blocking VEGF alone might not sufficiently impede
tumor cell growth. It is plausible that VEGF-VEGFR-targeted therapy also
modulates the TME to counteract immunosuppression, thereby restraining
tumor growth [281]. Hence, it is hypothesized that combining immunotherapy
with VEGF-VEGFR-targeted therapy could potentially yield more favorable
therapeutic outcomes for NSCLC [281]. Targeting the VEGF pathway has
emerged as a promising therapeutic strategy in cancer treatment. Monoclonal
antibodies such as bevacizumab [244], [245], aflibercept [246], and
ramucirumab [245], along with small molecule tyrosine kinase inhibitors like
sunitinib [247], sorafenib [247], pazopanib [247], axitinib [248], regorafenib
[249], cabozantinib [247], and Lenvatinib [248], have been developed to inhibit
VEGF-mediated angiogenesis. These inhibitors disrupt tumor vascularization,
depriving cancer cells of essential nutrients and oxygen, thereby impeding
tumor growth and metastasis. Several of these molecules are in various clinical
phases, including phase Il trials for indications such as colorectal cancer, RCC,
and HCC.,

HIF Pathway and Inhibition

The rapid division of cancer cells leads to the proliferation of tumor tissue,
which occurs independently of angiogenesis, the process of forming new blood
vessels. Consequently, due to limited blood vessel availability, certain regions
within the tumor experience consistently low oxygen levels, termed chronic
hypoxia [285], [286]. Within this hypoxic TME, three key proteins known as
HIFs play crucial roles. Among them, HIF-1 and HIF-2 primarily oversee the
transcription of genes triggered by hypoxia, while HIF-3 not only promotes
gene expression but also dampens the activity of HIF-1 and HIF-2 [286]. HIF-1
is a dimer transcription factor, comprising o and B subunits.The o subunit is
expressed in hypoxia, regulating gene expression, while [ subunit is
constitutively expressed in specific tissues. HIF-2/3a, analogous to HIF-1a, and
HIF-1B, also known as ARNT, have isoforms (Arntl, Arnt2, and Arnt3) [287].
HIF-1a and HIF2-q, structurally similar, are vital in hypoxia response, forming
complexes with HIF-1B. The role of HIF-3a is unclear, but it may inhibit HIF-
la transcriptional activation [287]. HIF-la plays a crucial role in tumor
angiogenesis, being up-regulated in various cancers via genetic and
environmental factors, including hypoxia. Studies demonstrate that in
temporomandibular joint osteoarthritis (TMJ-OA) [288], hypoxia induces
angiogenesis through up-regulation of HIF-1-VEGF-Notch pathways. Succinate
Is shown to expedite angiogenesis in rheumatoid arthritis by enhancing the HIF-
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la-VEGF pathway [289]. Mutated oncogenes like insulin, IGFs, Ras, and Src
accelerate angiogenesis by inducing hypoxia-inducible factor expression.
Conversely, mutated tumor suppressor genes like PTEN, p53, p14ARE, and
notably pVHL stimulate the HIF-1a system, promoting angiogenesis [290],
[291], [292]. pVHL deactivation stabilizes HIF-1a, leading to the transcriptional
up-regulation of its downstream genes [293]. Subsequently, elevated HIF-1a,
alongside P300CBP and HIF-1p, translocates to the nucleus, activating major
angiogenesis-related genes such as VEGF, EGF, ANGPT, Tie-2, TIMP-1, Flt-1,
and PAI-1 [293]. By targeting the adaptive response of cancer cells to hypoxia,
these inhibitors hold potential for overcoming treatment resistance and
enhancing the efficacy of anticancer treatments. PX-478 is currently in phase |
clinical trials for advanced solid tumors, while topotecan is approved for various
cancer types and is in clinical use [294], [295], [296], [297], [298].

EMT Process and Inhibition

The EMT process was initially observed in embryonic development and
refers to a cellular reprogramming mechanism where epithelial cells adopt a
mesenchymal phenotype [32], [30], [299], [300], [301]. EMT plays a crucial
role in various biological processes such as development, wound healing, and
the progression of malignancies, facilitating the acquisition of traits associated
with more aggressive cancer phenotypes.Various signaling pathways can
participate in the process of EMT, including the TGF-B , Bone morphogenetic
protein (BMP), Receptor tyrosine kinase (RTK), Wnt/B-catenin, Notch,
Hedgehog, Signal transducer and activator of transcription 3 (STAT3), ECM-
mediated, and Hypoxia signaling pathways [302]. These pathways regulate gene
expression by influencing key transcription factors such as Snail, Twist, and
ZEB. Recent research indicates that Snaill plays a significant role in the EMT
process through multiple pathways. It targets E-cadherin, a pivotal gene in EMT,
via several binding sites, influencing its expression levels and consequently
promoting EMT and metastasis[302], [303]. Additionally, Snaill regulates
various proteins involved in cell-cell interactions and structural integrity,
including Claudin, Occludin, Zona occludens 1, Cytokeratin 18, and Mucin 1.
Furthermore, Snaill governs the expression of MMPs, particularly MMP-2 and
MMP-9, which are implicated in metastasis [302], [303], [304]. Moreover,
Snaill upregulates other EMT-related transcription factors like ZEB-1 and
ZEB-2, amplifying the EMT process [303]. Immunohistochemical studies in
prostate cancer patients reveal high Snaill expression during initial tumor
formation. Twist is a pivotal transcription factor in EMT belonging to the
BHLH family. It includes Twist-1 and Twist-2, crucial for mesodermal layer
development. Mutation of Twist in humans link to Saethre-Chotzen syndrome
[302], [305], [306], [307]. Unlike Twist-2, the role of Twist-1 in cancer
progression, metastasis, angiogenesis, and stemness is well-documented. High
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Twist-1 expression correlates with cancer cell invasion, migration, and anoikis
resistance, promoting EMT and metastasis. Anoikis is the programmed cell
death by which epithelial cells become apoptotic by breaking from the
extracellular matrix and their neighboring cells. This process acts as a barrier
against metastasis[305], [307]. However, cancer cells resist anoikis due to
molecular mechanisms during separation from the original sites and travelling
in the circulatory and lymphatic system[302]. ZEB is another key EMT
regulator that comprises of ZEB1 and ZEB2. It is crucial in embryogenesis,
differentiation, and cancer progression. They repress E-cadherin expression,
induce metastatic traits and regulate other genes involved in cell-cell interaction
and polarity [302], [308]. Consequently, they enhance the expression of
mesenchymal cell markers, diminish epithelial cell markers, ultimately inducing
a phenotypic shift in epithelial cells towards mesenchymal stem cells [302].
Activation of EMT prompts tumor cells to undergo a series of physical
alterations, including the dissolution of tight junctions, disruption of apical—
basal polarity, and rearrangement of cytoskeletal structures [32], [299]. These
changes collectively enable the cells to detach from their primary site, invade
surrounding tissues, survive in the bloodstream, and ultimately establish
metastases in distant organs. Furthermore, research has linked EMT to enhanced
resistance against chemotherapy and immunotherapy, as it fosters interactions
with tumor-associated stromal cells, which are known for their pro-tumorigenic
effects [30], [299], [300], [301], [309]. Targeting EMT-related signaling
pathways represents a promising therapeutic strategy to inhibit cancer
metastasis and improve patient outcomes. Small molecule inhibitors of EMT-
associated pathways, such as salinomycin [310], [311], zidovudine [312],
mocetinostat [312], evodiamine [312], curcumin [312], and metformin [312] are
a few molecules that have shown efficacy in preclinical models of cancer by
suppressing EMT and attenuating metastatic spread [312]. By inhibiting the
invasive and metastatic properties of cancer cells, these inhibitors offer potential
for preventing or delaying disease progression and improving patient survival.

MMPs and their Inhibition

MMPs play a crucial role in degrading matrix proteins extensively or
selectively releasing cell surface-bound cytokines, growth factors, or their
receptors. They are endopeptidases reliant on zinc ions (Zn2+), found both
intracellularly and bound to membranes and their activity impacts matrix
integrity, cell behavior, phenotype, and tissue turnover. Traditionally, MMPs
have been classified into collagenases, gelatinases, stromelysins, and
membrane-type MMPs based on substrate specificity and cellular localization.
However, some MMPs defy these categorizations [33]. Collagenases, such as
MMP-1, MMP-8, and MMP-13, play vital roles in tissue remodeling by
breaking down fibrillar and non-fibrillar collagens, promoting cellular
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proliferation and migration, and contributing to cancer progression through
mechanisms like EMT [34]. Gelatinases, including MMP-2 and MMP-9, target
basement membrane collagens and non-fibrillar collagens, impacting cellular
migration, collagen affinity, and inflammatory responses. Matrilysins, such as
MMP-7, modulate the bioavailability of growth factors like TGF-B and IGF-1,
induce apoptosis, and enhance cellular invasiveness. Stromelysins, including
MMP-3 and MMP-10, are involved in epithelial-mesenchymal transition,
angiogenesis, and cancer cell dissemination [34]. Membrane type MMPs (MT-
MMPs), like MMP-14 and MMP-15, regulate cellular adhesion, migration, and
extracellular matrix remodeling. Other MMPs, such as MMP-12 and MMP-19,
exhibit diverse functions including plasminogen digestion, angiostatin release,
and activation of growth factors. These MMPs collectively contribute to
physiological processes like tissue development and repair but can also promote
pathological conditions such as cancer metastasis when dysregulated [34]. The
expression of MMPs is tightly regulated at both the transcriptional and post-
translational levels, ensuring precise spatio-temporal distribution and action. In
various cancer types, this regulation is often disrupted, implicating MMPs in
cancer development and progression. Once a precancerous cell transitions into a
cancerous state through EMT, it breaches the basement membrane (BM) and
infiltrates the stromal extracellular matrix (ECM). This invasion is facilitated by
the restructuring of integrin-containing cell-matrix adhesome structures and the
recruitment of ECM-degrading MMPs [313]. Tumor-induced immune tolerance
and an acidic microenvironment, stemming from altered metabolism
characterized by lactate secretion and heightened expression of the proton efflux
pump NHEL in tumors, further promote invasion. However, the proteolytic
degradation of matrix components in tumors can have both pro-tumorigenic and
anti-tumorigenic effects. For instance, MMP8 (neutrophil collagenase)
overexpression, which degrades type I, I, and Il collagens, is linked to
increased survival in oral squamous cell carcinoma patients but poor outcomes
in ovarian or hepatocellular cancer patients. These contradictory findings
underscore the challenges faced in clinical trials of MMP inhibitors [33], [313].
A well-documented record exists for MMP inhibitors that have demonstrated
clinical efficacy. One such example is Periostat, a formulation of doxycycline
administered at a sub-antimicrobial level, which has received approval from the
FDA for treating periodontal disease. Additionally, numerous MMP inhibitors
are currently undergoing clinical trials, aiming to address a range of conditions
such as gastric cancer, diabetic foot ulcers, and multiple sclerosis [314]. Further
research is needed to optimize the therapeutic potential of MMP inhibitors and
overcome the obstacles to their clinical development in cancer therapy.
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DDR, Repair Pathways and Inhibition

Genomic defects can trigger the DDR, causing cells to halt at checkpoints
for repair, thereby safeguarding genome stability. The cell cycle regulation and
control of various aspects such as centrosome cycle, mitotic onset, G2/M
transition, and G1 progression by CDK1 can be turned off by phosphorylation
through WEE1 or PKMYTL, especially in response to DNA damage to facilitate
repair[36]. Activation of CDK1 involves binding with cyclin B, followed by its
phosphorylation of Thrl61, while CDC25 inhibits phosphorylation on Thrl4
and Tyrl5. Subsequently, the activated CDK1/cyclin B complex facilitates the
translocation of cyclin-kinase complexes from the cytoplasm to the nucleus [36].
Cancer cells often exploit CDK1 activity, making it a target for therapy,
particularly in conjunction with radiation. The study on hyperthermic
intraperitoneal chemotherapy (HIPEC) for ovarian cancer provides significant
insights into the roles of CDK1 and WEEL. It has been demonstrated that during
hyperthermia, the kinase CDK1 becomes hyperactivated, leading to marked
changes in cellular dynamics, specifically causing replication arrest and
precipitating early entry into mitosis. This disruption is identified as a pivotal
mechanism through which hyperthermia influences cancer cells. Subsequent
investigations into drug interactions have shown that inhibition of WEEL, a
kinase that regulates the cell cycle, synergistically enhances the cytotoxic
effects of hyperthermia on cancer cells. The efficacy of this combinatory
approach—hyperthermia coupled with a WEEL inhibitor—has been
substantiated through in vivo experiments using a novel miniaturized device,
which confirmed significant tumor reduction. These findings suggest that
targeting CDK1 and WEE1 might refine and augment the therapeutic strategy
of HIPEC in treating ovarian cancer, highlighting a promising direction for
targeted cancer treatment [315]. CDKZ1 inhibitors like AZD5438 enhance
radiation sensitivity in lung cancer and RO-3306 could promote activation of
Bax in acute myeloid leukemia cells by promoting apoptosis and downstream
p53 signaling [36], [316], [317]. Other inhibitors like taurine and JNJ-7706621
show promise in overcoming resistance to radiotherapy, particularly in TP53-
deficient cancers. MEK162, a nonspecific inhibitor, prolongs DNA damage
response in glioblastoma cells [318]. Various types of DNA damage have been
reported previously, including single-strand breaks, double-strand breaks
(DSBs), base damage, sugar damage, DNA cross-linking, and clustered
damaged sites [39]. DSB is a common form of DNA damage which heightens
the cancer risk, if not properly repaired. Two primary repair mechanisms
address DSB: non-homologous end joining (NHEJ) and HR. HR repair (HRR)
utilizes an intact chromosome as a template to accurately mend the damaged
strand, ensuring precise repair [39], [319]. Conversely, NHEJ simply rejoins
broken ends, potentially introducing errors due to nucleotide removal. Changes
in DDR gene expression remain incompletely understood, but mutations or
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dysfunction in DDR genes elevate cancer susceptibility [319]. Because of their
rapid division cancer cells often have a diminished capacity for DDR. This
makes them vulnerable to targeted DDR inhibition like ATR/DNA-PK
inhibitors. This approach allows for the selective targeting of cancer cells,
which possess compromised DDR, while leaving normal cells with intact DNA
repair mechanisms unharmed. The inhibition of DDR holds promise as a
potential game-changer in cancer treatment. DDR inhibitors exploit synthetic
lethality, effectively eliminating cancer cells while sparing normal ones (for
instance, ATR inhibitors in ATM-deficient cancers and WEE1 inhibitors in
p53-mutated cells) [320]. Synthetic lethality arises when simultaneous
deficiencies in multiple related genes lead to cell death or apoptosis, while
individual deficiencies in one of these genes are manageable for cell survival.
With the rapid progress in RNAI and CRISPR gene editing technologies, large-
scale screening for synthetic lethal targets through single gene deletion has
become possible, facilitating the discovery of new therapeutic targets for cancer
[320]. PARP inhibitors have emerged as a promising class of anticancer agents,
particularly in tumors with deficiencies in the HR repair pathway [320].
Olaparib, one of the leading PARP inhibitors, has undergone extensive clinical
evaluation across multiple cancer types [321]. In ovarian cancer, Olaparib has
demonstrated significant efficacy, especially in patients with BRCAL/2
mutations [322]. Clinical trials have shown improved progression-free survival
(PFS) and overall survival (OS) in ovarian cancer patients treated with Olaparib
compared to standard chemotherapy or placebo. These trials have led to the
approval of Olaparib for the maintenance treatment of ovarian cancer patients
with BRCA mutations who have responded to platinum-based chemotherapy
[323], [324]. Similarly, in breast cancer, Olaparib has shown promise,
particularly in patients with BRCA1/2 mutations, including those with triple-
negative breast cancer (TNBC). Clinical trials investigating Olaparib in
metastatic breast cancer have demonstrated improved PFS compared to standard
chemotherapy in patients with BRCA mutations. Beyond ovarian and breast
cancers, Olaparib is being evaluated in clinical trials for various other cancer
types, including pancreatic, prostate, and gastric cancers, among others [324].
These trials aim to assess the efficacy of Olaparib both as monotherapy and in
combination with other anticancer agents.

CHKZ1 is an essential player in cell cycle regulation and DNA repair and
operationally similar to Weel and CDKL in coordinating cellular responses to
DNA damage. By inhibiting CHK1, researchers aim to disrupt cancer cell
survival and proliferation, making them more susceptible to treatments like
radiation therapy [36]. While early CHK1 inhibitors like UCN-01 showed
promise, their broad effects on other proteins limited their clinical use. Recent
developments have yielded more selective inhibitors like LY2606368 [325],
[326], [327] and PF-00477736 [328], [329], [330], which have demonstrated
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efficacy in sensitizing cancer cells to radiation with fewer side effects [36],
[331]. Novel inhibitors such as MK8776 [330], [332], [333], [334], [335] and
CCT244747 [336], [337] offer additional promise by enhancing the
effectiveness of radiotherapy while minimizing toxicity [36]. Combining CHK1
inhibitors with other targeted therapies, like WEEL inhibitors, has shown
synergistic effects, particularly in lymphoma treatment. However, as with any
therapeutic approach, balancing safety and efficacy remains crucial for the
successful clinical application of CHKZ1 inhibitors in cancer treatment [36].

4. CONCLUSION

The development of targeted therapies for cancer represents a significant
advancement in the field of oncology. These therapies offer promising avenues
for personalized treatment approaches, addressing specific molecular
abnormalities driving tumor growth. By targeting key pathways and molecular
targets, such as growth factors or signaling molecules, targeted therapies have
shown efficacy in managing various types of cancer with potentially fewer side
effects compared to traditional chemotherapy. However, challenges such as
drug resistance and patient heterogeneity persist, highlighting the ongoing need
for further research and refinement in this rapidly evolving field. Despite these
challenges, targeted therapy continues to revolutionize cancer treatment,
offering hope for improved outcomes and quality of life for patients worldwide.

REFERENCES

[1] W. AL-Busairi and M. Khajah, “The Principles behind Targeted Therapy for Cancer
Treatment,” in Tumor Progression and Metastasis, 2020. doi:
10.5772/intechopen.86729.

[2] Z.D. Kifle, M. Tadele, E. Alemu, T. Gedamu, and A. G. Ayele, “A recent development
of new therapeutic agents and novel drug targets for cancer treatment,” SAGE Open
Medicine, vol. 9. 2021. doi: 10.1177/20503121211067083.

[3] H. Sung et al., “Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185 Countries,” CA Cancer J Clin, vol. 71,
no. 3, 2021, doi: 10.3322/caac.21660.

[4] R. A. Benson et al., “Analysis of the relationship between sex and prescriptions for
guideline-recommended therapy in peripheral arterial disease, in relation to 1-year all-
cause mortality: A primary care cohort study,” BMJ Open, vol. 12, no. 3, 2022, doi:
10.1136/bmjopen-2021-055952.

[5] K. Sathishkumar, M. Chaturvedi, P. Das, S. Stephen, and P. Mathur, “Cancer incidence
estimates for 2022 & projection for 2025: Result from National Cancer Registry
Programme, India,” Indian Journal of Medical Research, vol. 156, no. 4, 2022, doi:
10.4103/ijmr.ijmr_1821_22.

[6] W.C. Hahn et al., “An expanded universe of cancer targets,” Cell, vol. 184, no. 5. 2021.
doi: 10.1016/j.cell.2021.02.020.

[71 G. H. Liu, T. Chen, X. Zhang, X. L. Ma, and H. S. Shi, “Small molecule inhibitors
targeting the cancers,” MedComm, vol. 3, no. 4. 2022. doi: 10.1002/mco02.181.

111|Page



[8]
[9]

[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

E-ISBN: 978-1-68576-521-7

K. Yamashita and Y. Takahashi, “IMRD therapy for patients with metastatic pancreas
cancer,” Nippon rinsho. Japanese journal of clinical medicine, vol. 64 Suppl 1. 2006.

Y. Takahashi, M. Mai, N. Sawabu, and K. Nishioka, “A pilot study of individualized
maximum repeatable dose (iMRD), a new dose finding system, of weekly gemcitabine
for patients with metastatic pancreas cancer,” Pancreas, vol. 30, no. 3, 2005, doi:
10.1097/01.mpa.0000153335.73352.c7.

D. Hanahan and R. A. Weinberg, “Hallmarks of Cancer: The Next Generation,” Cell,
vol. 144, no. 5, pp. 646-674, Mar. 2011, doi: 10.1016/j.cell.2011.02.013.

D. Hanahan, “Hallmarks of Cancer: New Dimensions,” Cancer Discovery, vol. 12, no.
1. 2022. doi: 10.1158/2159-8290.CD-21-1059.

S. Ravi et al, “An Update to Hallmarks of Cancer,” Cureus, 2022, doi:
10.7759/cureus.24803.

G. Wilkes, “Targeted Therapy: Attacking Cancer with Molecular and Immunological
Targeted Agents,” Asia-Pacific Journal of Oncology Nursing, vol. 5, no. 2. 2018. doi:
10.4103/apjon.apjon_79 _17.

G. Madhukar and N. Subbarao, “In-silico prediction of potential inhibitors against
phosphatidylinositol 3-kinase catalytic subunit alpha involved in head and neck
squamous cell carcinomas,” J Biomol Struct Dyn, vol. 40, no. 10, 2022, doi:
10.1080/07391102.2020.1861980.

D. Miricescu, A. Totan, I. I. Stanescu-Spinu, S. C. Badoiu, C. Stefani, and M. Greabu,
“PI3K/AKT/mTOR signaling pathway in breast cancer: From molecular landscape to
clinical aspects,” International Journal of Molecular Sciences, vol. 22, no. 1. 2021. doi:
10.3390/ijms22010173.

A. Glaviano et al., “PI3K/AKT/mTOR signaling transduction pathway and targeted
therapies in cancer,” Molecular Cancer, vol. 22, no. 1. 2023. doi: 10.1186/s12943-023-
01827-6.

S. Noorolyai, N. Shajari, E. Baghbani, S. Sadreddini, and B. Baradaran, “The relation
between PI3K/AKT signalling pathway and cancer,” Gene, vol. 698. 2019. doi:
10.1016/j.gene.2019.02.076.

“Socio-Scientific Interaction in Diabetes and Cancer and Its Management.”

G. Madhukar and N. Subbarao, “Current and Future Therapeutic Targets: A Review on
Treating Head and Neck Squamous Cell Carcinoma,” Curr Cancer Drug Targets, vol.
21, no. 5, 2021, doi: 10.2174/1568009620666201229120332.

Y. Song, Z. Bi, Y. Liu, F. Qin, Y. Wei, and X. Wei, “Targeting RAS-RAF-MEK-ERK
signaling pathway in human cancer: Current status in clinical trials,” Genes and
Diseases, vol. 10, no. 1. 2023. doi: 10.1016/j.gendis.2022.05.006.

U. Degirmenci, M. Wang, and J. Hu, “Targeting Aberrant RAS/RAF/MEK/ERK
Signaling for Cancer Therapy,” Cells, vol. 9, no. 1. 2020. doi: 10.3390/cells9010198.

R. Barbosa, L. A. Acevedo, and R. Marmorstein, “The MEK/ERK Network as a
Therapeutic Target in Human Cancer,” Molecular cancer research : MCR, vol. 19, no. 3.
2021. doi: 10.1158/1541-7786.MCR-20-0687.

O. Hassin and M. Oren, “Drugging p53 in cancer: one protein, many targets,” Nature
Reviews Drug Discovery, vol. 22, no. 2. 2023. doi: 10.1038/s41573-022-00571-8.

C. Zhang, J. Liu, D. Xu, T. Zhang, W. Hu, and Z. Feng, “Gain-of-function mutant p53
in cancer progression and therapy,” Journal of Molecular Cell Biology, vol. 12, no. 9.
2020. doi: 10.1093/jmcb/mjaa040.

D. L. Burkhart, K. L. Morel, A. V. Sheahan, Z. A. Richards, and L. Ellis, “The Role of
RB in Prostate Cancer Progression,” in Advances in Experimental Medicine and
Biology, vol. 1210, 2019. doi: 10.1007/978-3-030-32656-2_13.

112 |Page



[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

E-ISBN: 978-1-68576-521-7

C. A. Febres-Aldana et al., “Rb Tumor Suppressor in Small Cell Lung Cancer:

Combined Genomic and IHC Analysis with a Description of a Distinct Rb-Proficient
Subset,” Clinical Cancer Research, vol. 28, no. 21, 2022, doi: 10.1158/1078-0432.CCR-
22-1115.

D. Kaloni, S. T. Diepstraten, A. Strasser, and G. L. Kelly, “BCL-2 protein family:
attractive targets for cancer therapy,” Apoptosis, vol. 28, no. 1-2. 2023. doi:
10.1007/s10495-022-01780-7.

M. Rashid et al., “Up-down regulation of HIF-1a in cancer progression,” Gene, vol. 798.
2021. doi: 10.1016/j.gene.2021.145796.

R. S. Apte, D. S. Chen, and N. Ferrara, “VEGF in Signaling and Disease: Beyond
Discovery and Development,” Cell, vol. 176, no. 6. 2019. doi:
10.1016/j.cell.2019.01.021.

J. Baj et al.,, “Mechanisms of the Epithelial-Mesenchymal Transition and Tumor
Microenvironment in Helicobacter pylori-Induced Gastric Cancer,” Cells, vol. 9, no. 4.
2020. doi: 10.3390/cells9041055.

I. Akrida, V. Bravou, and H. Papadaki, “The deadly cross-talk between Hippo pathway
and epithelial-mesenchymal transition (EMT) in cancer,” Molecular Biology Reports,
vol. 49, no. 10. 2022. doi: 10.1007/s11033-022-07590-z.

N. Zhang, A. S. Ng, S. Cai, Q. Li, L. Yang, and D. Kerr, “Novel therapeutic strategies:
targeting epithelial-mesenchymal transition in colorectal cancer,” The Lancet Oncology,
vol. 22, no. 8. 2021. doi: 10.1016/S1470-2045(21)00343-0.

T. R. Cox, “The matrix in cancer,” Nature Reviews Cancer, vol. 21, no. 4. 2021. doi:
10.1038/s41568-020-00329-7.

S. Mondal, N. Adhikari, S. Banerjee, S. A. Amin, and T. Jha, “Matrix
metalloproteinase-9 (MMP-9) and its inhibitors in cancer: A minireview,” European
Journal of Medicinal Chemistry, vol. 194. 2020. doi: 10.1016/j.ejmech.2020.112260.

X. He and C. Xu, “Immune checkpoint signaling and cancer immunotherapy,” Cell
Research, vol. 30, no. 8. 2020. doi: 10.1038/s41422-020-0343-4.

R. X. Huang and P. K. Zhou, “DNA damage response signaling pathways and targets
for radiotherapy sensitization in cancer,” Signal Transduction and Targeted Therapy,
vol. 5, no. 1. 2020. doi: 10.1038/s41392-020-0150-X.

F. J. Groelly, M. Fawkes, R. A. Dagg, A. N. Blackford, and M. Tarsounas, “Targeting
DNA damage response pathways in cancer,” Nature Reviews Cancer, vol. 23, no. 2.
2023. doi: 10.1038/s41568-022-00535-5.

U. S. Srinivas, B. W. Q. Tan, B. A. Vellayappan, and A. D. Jeyasekharan, “ROS and
the DNA damage response in cancer,” Redox Biology, vol. 25. 2019. doi:
10.1016/j.redox.2018.101084.

R. Huang and P. K. Zhou, “DNA damage repair: historical perspectives, mechanistic
pathways and clinical translation for targeted cancer therapy,” Signal Transduction and
Targeted Therapy, vol. 6, no. 1. 2021. doi: 10.1038/s41392-021-00648-7.

J. L. Hopkins, L. Lan, and L. Zou, “DNA repair defects in cancer and therapeutic
opportunities,” Genes and Development, vol. 34, no. 5-6. 2022. doi:
10.1101/gad.349431.122.

G. Tiegs and A. K. Horst, “TNF in the liver: targeting a central player in inflammation,”
Seminars in Immunopathology, vol. 44, no. 4. 2022. doi: 10.1007/s00281-022-00910-2.

T. Hirano, “IL-6 in inflammation, autoimmunity and cancer,” International immunology,
vol. 33, no. 3. 2021. doi: 10.1093/intimm/dxaa078.

L. J. Schlein and D. H. Thamm, “Review: NF-kB activation in canine cancer,”
Veterinary Pathology, vol. 59, no. 5. 2022. doi: 10.1177/03009858221092017.

113|Page



[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]
[57]

[58]

[59]

[60]

[61]

E-ISBN: 978-1-68576-521-7

F. Antonangeli, A. Natalini, M. C. Garassino, A. Sica, A. Santoni, and F. Di Rosa,
“Regulation of PD-L1 Expression by NF-kB in Cancer,” Frontiers in Immunology, vol.
11. 2020. doi: 10.3389/fimmu.2020.584626.

E. Pérez-Herrero and A. Ferndndez-Medarde, “Advanced targeted therapies in cancer:
Drug nanocarriers, the future of chemotherapy,” European Journal of Pharmaceutics
and Biopharmaceutics, vol. 93. 2015. doi: 10.1016/j.ejpb.2015.03.018.

S. Lev, “Targeted therapy and drug resistance in triple-negative breast cancer: The
EGFR axis,” Biochemical Society Transactions, vol. 48, no. 2. 2020. doi:
10.1042/BST20191055.

Y. T. Lee, Y. J. Tan, and C. E. Oon, “Molecular targeted therapy: Treating cancer with
specificity,” European Journal of Pharmacology, vol. 834. 2018. doi:
10.1016/j.ejphar.2018.07.034.

B. Victoir, C. Croix, F. Gouilleux, and G. Prié, “Targeted Therapeutic Strategies for the
Treatment of Cancer,” Cancers, vol. 16, no. 2. 2024. doi: 10.3390/cancers16020461.

D. Kazandjian, G. M. Blumenthal, W. Yuan, K. He, P. Keegan, and R. Pazdur, “FDA
approval of gefitinib for the treatment of patients with metastatic EGFR mutation-
positive non-small cell lung cancer,” Clinical Cancer Research, vol. 22, no. 6, 2016,
doi: 10.1158/1078-0432.CCR-15-2266.

U.S. Food and Drug Administration., “Drugs - Drug Approvals and Databases.,”
Research, C. for D.E. and, 2019.

F. H. Tan, T. L. Putoczki, S. S. Stylli, and R. B. Luwor, “Ponatinib: A novel multi-
tyrosine kinase inhibitor against human malignancies,” OncoTargets and Therapy, vol.
12.2019. doi: 10.2147/0OTT.S189391.

M. Jure and F. Ana, “DO WE TREAT PROSTATE CANCER ACCORDING TO
GUIDELINES?,” Libri Oncologici, vol. 50, no. SUPPL 1, 2022.

J. A. Whitlock et al., “Dabrafenib, alone or in combination with trametinib, in BRAF
V600-mutated pediatric Langerhans cell histiocytosis,” Blood Adv, vol. 7, no. 15, 2023,
doi: 10.1182/bloodadvances.2022008414.

B. J. Edwards et al., “Hepatotoxicity with Vismodegib: An MD Anderson Cancer
Center and Research on Adverse Drug Events and Reports Project,” Drugs in R and D,
vol. 17, no. 1, 2017, doi: 10.1007/s40268-016-0168-2.

S. Arora et al, “FDA Approval Summary: Pembrolizumab plus Lenvatinib for
Endometrial Carcinoma, a Collaborative International Review under Project Orbis,”
Clinical Cancer Research, vol. 26, no. 19, 2020, doi: 10.1158/1078-0432.CCR-19-3979.
K. Zirlik and H. Veelken, “Idelalisib,” in Recent Results in Cancer Research, vol. 212,
2018. doi: 10.1007/978-3-319-91439-8_12.

L. Dong et al., “Idelalisib inhibits experimental proliferative vitroretinopathy,”
Laboratory Investigation, vol. 102, no. 12, 2022, doi: 10.1038/s41374-022-00822-7.

B. W. Miller et al., “FDA approval: Idelalisib monotherapy for the treatment of patients
with follicular lymphoma and small lymphocytic lymphoma,” Clinical Cancer Research,
vol. 21, no. 7, 2015, doi: 10.1158/1078-0432.CCR-14-2522.

A. Grothey, J. Y. Blay, N. Pavlakis, T. Yoshino, and J. Bruix, “Evolving role of
regorafenib for the treatment of advanced cancers,” Cancer Treatment Reviews, vol. 86.
2020. doi: 10.1016/j.ctrv.2020.101993.

T. Yuan et al.,, “Synergistic antitumor activity of regorafenib and rosuvastatin in
colorectal cancer,” Front Pharmacol, vol. 14, 2023, doi: 10.3389/fphar.2023.1136114.
D. Xu et al., “Regorafenib in Refractory Metastatic Colorectal Cancer: A Multi-Center
Retrospective Study,” Front Oncol, vol. 12, 2022, doi: 10.3389/fonc.2022.838870.

114|Page



[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

E-ISBN: 978-1-68576-521-7

N. Personeni, L. Rimassa, T. Pressiani, V. Smiroldo, and A. Santoro, “Cabozantinib for
the treatment of hepatocellular carcinoma,” Expert Rev Anticancer Ther, vol. 19, no. 10,
2019, doi: 10.1080/14737140.2019.1674141.

I. Yeh et al., “Activating MET kinase rearrangements in melanoma and Spitz tumours,”
Nat Commun, vol. 6, 2015, doi: 10.1038/ncomms8174.

E. S. Duke et al., “FDA Approval Summary: Cabozantinib for Differentiated Thyroid
Cancer,” Clinical Cancer Research, vol. 28, no. 19, 2022, doi: 10.1158/1078-
0432.CCR-22-0873.

J. Mascarenhas and R. Hoffman, “Ruxolitinib: The first FDA approved therapy for the
treatment of myelofibrosis,” Clinical Cancer Research, vol. 18, no. 11, 2012, doi:
10.1158/1078-0432.CCR-11-3145.

D. J. Martini, Y. Bin Chen, and Z. DeFilipp, “Recent FDA Approvals in the Treatment
of Graft-Versus-Host Disease,” Oncologist, vol. 27, no. 8, 2022, doi:
10.1093/oncolo/oyac076.

A. Sheikh, W. Rafique, R. Owais, F. Malik, and E. Ali, “FDA approves Ruxolitinib
(Opzelura) for Vitiligo Therapy: A breakthrough in the field of dermatology,” Annals of
Medicine and Surgery, vol. 81, 2022, doi: 10.1016/j.amsu.2022.104499.

R. Vengoji et al., “Afatinib and Temozolomide combination inhibits tumorigenesis by
targeting EGFRvIII-cMet signaling in glioblastoma cells,” Journal of Experimental and
Clinical Cancer Research, vol. 38, no. 1, Jun. 2019, doi: 10.1186/s13046-019-1264-2.
R. A. De Claro et al., “FDA approval: Ibrutinib for patients with previously treated
mantle cell lymphoma and previously treated chronic lymphocytic leukemia,” Clinical
Cancer Research, vol. 21, no. 16, 2015, doi: 10.1158/1078-0432.CCR-14-2225.

S. M. Jaglowski and B. R. Blazar, “How ibrutinib, a B-cell malignancy drug, became an
FDA-approved second-line therapy for steroid-resistant chronic GVHD,” Blood Adv,
vol. 2, no. 15, 2018, doi: 10.1182/bloodadvances.2018013060.

I. Kapoor et al., “Resistance to BTK inhibition by ibrutinib can be overcome by
preventing FOXO3a nuclear export and PI3K/AKT activation in B-cell lymphoid
malignancies,” Cell Death Dis, vol. 10, no. 12, 2019, doi: 10.1038/s41419-019-2158-0.
V. R. Holla et al., “ALK: a tyrosine kinase target for cancer therapy,” Molecular Case
Studies, vol. 3, no. 1, 2017, doi: 10.1101/mcs.a001115.

E. Larkins et al., “FDA approval: Alectinib for the treatment of metastatic, ALK-
positive non-small cell lung cancer following crizotinib,” Clinical Cancer Research, vol.
22, no. 21, 2016, doi: 10.1158/1078-0432.CCR-16-1293.

X. Ouyang et al., “Induction of anaplastic lymphoma kinase (ALK) as a novel
mechanism of EGFR inhibitor resistance in head and neck squamous cell carcinoma
patient-derived models,” Cancer Biol Ther, vol. 19, no. 10, 2018, doi:
10.1080/15384047.2018.1451285.

L. S. Chang et al, “Brigatinib causes tumor shrinkage in both NF2-deficient
meningioma and schwannoma through inhibition of multiple tyrosine kinases but not
ALK,” PLoS One, vol. 16, no. 7 July, 2021, doi: 10.1371/journal.pone.0252048.

S. Bedi, S. A. Khan, M. M. AbuKhader, P. Alam, N. A. Siddiqui, and A. Husain, “A
comprehensive review on Brigatinib — A wonder drug for targeted cancer therapy in
non-small cell lung cancer,” Saudi Pharmaceutical Journal, vol. 26, no. 6. 2018. doi:
10.1016/j.jsps.2018.04.010.

J. P. Laubach, P. Moreau, J. F. San-Miguel, and P. G. Richardson, “Panobinostat for the
treatment of multiple myeloma,” Clinical Cancer Research, vol. 21, no. 21. 2015. doi:
10.1158/1078-0432.CCR-15-0530.

M. Korfei et al., “Comparison of the antifibrotic effects of the pan-histone deacetylase-
inhibitor panobinostat versus the IPF-drug pirfenidone in fibroblasts from patients with

115|Page



[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

E-ISBN: 978-1-68576-521-7

idiopathic pulmonary fibrosis,” PLoS One, vol. 13, no. 11, 2018, doi:
10.1371/journal.pone.0207915.

M. M. Kangussu-Marcolino, G. M. Ehrenkaufer, E. Chen, A. Debnath, and U. Singh,
“Identification of plicamycin, TG02, panobinostat, lestaurtinib, and GDC-0084 as
promising compounds for the treatment of central nervous system infections caused by
the free-living amebae Naegleria, Acanthamoeba and Balamuthia,” Int J Parasitol Drugs
Drug Resist, vol. 11, 2019, doi: 10.1016/j.ijpddr.2019.10.003.

A. J. Yee and N. S. Raje, “Panobinostat and Multiple Myeloma in 2018,” Oncologist,
vol. 23, no. 5, 2018, doi: 10.1634/theoncologist.2017-0644.

K. Y. Ryu et al., “Dasatinib regulates LPS-induced microglial and astrocytic
neuroinflammatory  responses by inhibiting AKT/STAT3  signaling,” J
Neuroinflammation, vol. 16, no. 1, 2019, doi: 10.1186/s12974-019-1561-X.

F. E. Kwarcinski et al., “Conformation-Selective Analogues of Dasatinib Reveal Insight
into Kinase Inhibitor Binding and Selectivity,” ACS Chem Biol, vol. 11, no. 5, 2016,
doi: 10.1021/acschembio.5b01018.

I. N. Kohale et al., “Identification of Src Family Kinases as Potential Therapeutic
Targets for Chemotherapy-Resistant Triple Negative Breast Cancer,” Cancers (Basel),
vol. 14, no. 17, 2022, doi: 10.3390/cancers14174220.

S. KIM, J. LEE, S. J. OH, S. J. NAM, and J. E. LEE, “Differential effect of EGFR
inhibitors on tamoxifen-resistant breast cancer cells,” Oncol Rep, vol. 34, no. 3, pp.
1613-1619, Sep. 2015, doi: 10.3892/0r.2015.4116.

D. You, S. P. Jung, Y. Jeong, S. Y. Bae, J. E. Lee, and S. Kim, “Fibronectin expression
is upregulated by P1-3K/Akt activation in tamoxifen-resistant breast cancer cells,” BMB
Rep, vol. 50, no. 12, pp. 615-620, 2017, doi: 10.5483/BMBRep.2017.50.12.096.

S. KIM, M. JEON, J. E. LEE, and S. J. NAM, “MEK activity controls IL-8 expression
in tamoxifen-resistant MCF-7 breast cancer cells,” Oncol Rep, vol. 35, no. 4, pp. 2398—
2404, Apr. 2016, doi: 10.3892/0r.2016.4557.

G. Li, J. Zhang, Z. Xu, and Z. Li, “ERa36 as a potential therapeutic target for
tamoxifen-resistant breast cancer cell line through EGFR/ERK signaling pathway,”
Cancer Manag Res, vol. 12, pp. 265-275, 2020, doi: 10.2147/CMAR.S226410.

M. C. Gutierrez et al., “Molecular Changes in Tamoxifen-Resistant Breast Cancer:
Relationship Between Estrogen Receptor, HER-2, and p38 Mitogen-Activated Protein
Kinase,” Journal of Clinical Oncology, vol. 23, no. 11, pp. 2469-2476, Apr. 2005, doi:
10.1200/JC0.2005.01.172.

M. C. Gutierrez et al., “Molecular Changes in Tamoxifen-Resistant Breast Cancer:
Relationship Between Estrogen Receptor, HER-2, and p38 Mitogen-Activated Protein
Kinase,” Journal of Clinical Oncology, vol. 23, no. 11, pp. 2469-2476, Apr. 2005, doi:
10.1200/JC0.2005.01.172.

J. N. Mills, A. C. Rutkovsky, and A. Giordano, “Mechanisms of resistance in estrogen
receptor positive breast cancer: overcoming resistance to tamoxifen/aromatase
inhibitors,” Current Opinion in Pharmacology, vol. 41. Elsevier Ltd, pp. 59-65, Aug. 01,
2018. doi: 10.1016/j.coph.2018.04.009.

J. N. Mills, A. C. Rutkovsky, and A. Giordano, “Mechanisms of resistance in estrogen
receptor positive breast cancer: overcoming resistance to tamoxifen/aromatase
inhibitors,” Curr Opin Pharmacol, vol. 41, pp. 59-65, Aug. 2018, doi:
10.1016/j.coph.2018.04.009.

M. Chang, “Tamoxifen resistance in breast cancer.,” Biomol Ther (Seoul), vol. 20, no. 3,
pp. 256-67, May 2012, doi: 10.4062/biomolther.2012.20.3.256.

P. Y. Maximov Russell E McDaniel V Craig Jordan, “Tamoxifen Pioneering Medicine
in Breast Cancer.” [Online]. Available: http://www.springer.com/series/4991

116 |Page



E-ISBN: 978-1-68576-521-7

[94] M. Singh et al., “Identification and targeting of selective vulnerability rendered by
tamoxifen resistance,” Breast Cancer Research, vol. 22, no. 1, 2020, doi:
10.1186/s13058-020-01315-5.

[95] M.-Y. Wang et al., “TARBP2-Enhanced Resistance during Tamoxifen Treatment in
Breast Cancer,” Cancers (Basel), vol. 11, no. 2, p. 210, Feb. 2019, doi:
10.3390/cancers11020210.

[96] M. A. Ingersoll et al., “BRAF inhibition protects against hearing loss in mice,” Sci Adv,
vol. 6, no. 49, 2020, doi: 10.1126/sciadv.abd0561.

[97] M. 1. Barbato et al., “FDA Approval Summary: Dabrafenib in Combination with
Trametinib for BRAFV600E Mutation—Positive Low-Grade Glioma,” Clinical Cancer
Research, vol. 30, no. 2, 2024, doi: 10.1158/1078-0432.CCR-23-1503.

[98] A. D’Angelo et al.,, “Focus on rosl-positive non-small cell lung cancer (Nsclc):
Crizotinib, resistance mechanisms and the newer generation of targeted therapies,”
Cancers, vol. 12, no. 11. 2020. doi: 10.3390/cancers12113293.

[99] M. Merino et al., “FDA approval summary: Crizotinib for pediatric and young adult
patients with relapsed or refractory systemic anaplastic large cell lymphoma,” Pediatr
Blood Cancer, vol. 69, no. 8, 2022, doi: 10.1002/pbc.29602.

[100] C. Moreau-Bachelard et al., “Evaluating everolimus for the treatment of breast cancer,”
Expert Opinion on Pharmacotherapy, vol. 24, no. 10. 2023. doi:
10.1080/14656566.2023.2214677.

[101]J. Cui, Y. Guo, H. Wu, J. Xiong, and T. Peng, “Everolimus regulates the activity of
gemcitabine-resistant pancreatic cancer cells by targeting the Warburg effect via
PIBK/AKT/mTOR signaling,” Molecular Medicine, vol. 27, no. 1, 2021, doi:
10.1186/s10020-021-00300-8.

[102]Z. Goudarzi et al., “Everolimus and temsirolimus are not the same second-line in
metastatic renal cell carcinoma: a systematic review and meta-analysis,” Cost
Effectiveness and Resource Allocation, vol. 21, no. 1. 2023. doi: 10.1186/s12962-023-
00420-4.

[103]J. D. Wolchok et al., “Nivolumab plus Ipilimumab in Advanced Melanoma,” New
England Journal of Medicine, vol. 369, no. 2, pp. 122-133, Jul. 2013, doi:
10.1056/NEJM0a1302369.

[L04]R. L. Ferris et al., “Nivolumab for Recurrent Squamous-Cell Carcinoma of the Head
and Neck,” New England Journal of Medicine, vol. 375, no. 19, pp. 1856-1867, Nov.
2016, doi: 10.1056/NEJM0al1602252.

[LO5]R. J. Motzer et al., “Nivolumab versus everolimus in patients with advanced renal cell
carcinoma: Updated results with long-term follow-up of the randomized, open-label,
phase 3 CheckMate 025 trial,” Cancer, vol. 126, no. 18, 2020, doi: 10.1002/cncr.33033.

[106]J. Kalmuk, J. Puchalla, G. Feng, A. Giri, and J. Kaczmar, “Pembrolizumab-induced
Hemophagocytic Lymphohistiocytosis: an immunotherapeutic challenge,” Cancers
Head Neck, vol. 5, no. 1, p. 3, Dec. 2020, doi: 10.1186/s41199-020-0050-3.

[107]W. J. Ho and R. Mehra, “Pembrolizumab for the treatment of head and neck squamous
cell cancer,” Expert Opin Biol Ther, vol. 19, no. 9, pp. 879-885, 2019, doi:
10.1080/14712598.2019.1644315.

[L08] M. G. McCusker, D. Orkoulas-Razis, and R. Mehra, “Potential of pembrolizumab in
metastatic or recurrent head and neck cancer: Evidence to date,” OncoTargets and
Therapy, vol. 13. Dove Medical Press Ltd.,, pp. 3047-3059, 2020. doi:
10.2147/0TT.S196252.

[L09]K. Saleh, R. Eid, F. G. H. Haddad, N. Khalife-Saleh, and H. R. Kourie, “New
developments in the management of head and neck cancer — Impact of pembrolizumab,”
Ther Clin Risk Manag, vol. 14, pp. 295-303, 2018, doi: 10.2147/TCRM.S125059.

117|Page



E-ISBN: 978-1-68576-521-7

[110]Y. Jadoon and M. A. Siddiqui, “Immunotherapy in multiple myeloma,” Cancer Treat
Res Commun, vol. 29, 2021, doi: 10.1016/j.ctarc.2021.100468.

[111]N. Herrero Alvarez, A. L. Michel, T. D. Viray, M. E. Mayerhoefer, and J. S. Lewis,
“89Zr-DFO-Isatuximab for CD38-Targeted ImmunoPET Imaging of Multiple Myeloma
and Lymphomas,” ACS Omega, vol. 8, no. 25, 2023, doi: 10.1021/acsomega.3c00624.

[112]H. T. Lee, Y. Kim, U. B. Park, T. J. Jeong, and Y.-S. Heo, “Preliminary
crystallographic study of CD38 in complex with isatuximab, an FDA-approved
antibody drug for treating multiple myeloma,” Korean Society for Structural Biology,
vol. 8, no. 4, 2020, doi: 10.34184/kssbh.2020.8.4.83.

[113]P. J. Fleming Jr., PharmD, BCOP, S. Karpio, PharmD candidate, and N. Lombardo,
PharmD candidate, “Sacituzumab Govitecan for Treatment of Refractory Triple-
Negative Metastatic Breast Cancer,” J Adv Pract Oncol, vol. 12, no. 7, 2021, doi:
10.6004/jadpro.2021.12.7.8.

[114]D. M. Goldenberg and R. M. Sharkey, “Sacituzumab govitecan, a novel, third-
generation, antibody-drug conjugate (ADC) for cancer therapy,” Expert Opinion on
Biological Therapy, vol. 20, no. 8. 2020. doi: 10.1080/14712598.2020.1757067.

[115]S. Wahby et al., “FDA approval summary: Accelerated approval of sacituzumab
govitecan-hziy for third-line treatment of metastatic triple-negative breast cancer,”
Clinical Cancer Research, vol. 27, no. 7. 2021. doi: 10.1158/1078-0432.CCR-20-3119.

[116]P. Safarzadeh Kozani, A. Naseri, P. Safarzadeh Kozani, S. Khatami, and A. Sheikhi,
“Monoclonal Antibodies (mAbs) Approved for Cancer Treatment in the 2020s,” Trends
in Medical Sciences, vol. 1, no. 2, 2021, doi: 10.5812/tms.116686.

[117]J. Dill, M. Topp, and G. Salles, “The use of tafasitamab in diffuse large B-cell
lymphoma,” Therapeutic Advances in Hematology, vol. 12. 2021. doi:
10.1177/20406207211027458.

[118] G. Salles, M. Dlugosz-Danecka, H. Ghesquiéres, and W. Jurczak, “Tafasitamab for the
treatment of relapsed or refractory diffuse large B-cell lymphoma,” Expert Opin Biol
Ther, vol. 21, no. 4, 2021, doi: 10.1080/14712598.2021.1884677.

[119]B. D. Cheson, G. Nowakowski, and G. Salles, “Diffuse large B-cell lymphoma: new
targets and novel therapies,” Blood Cancer Journal, vol. 11, no. 4. 2021. doi:
10.1038/s41408-021-00456-w.

[120]J. A. Davis, A. Shockley, and A. E. Glode, “Newly approved anti-CD19 monoclonal
antibodies for the treatment of relapsed or refractory diffuse large B-cell lymphoma,”
Journal of Oncology Pharmacy Practice, vol. 28, no. 3. 2022. doi:
10.1177/10781552211073575.

[121]B. Wang et al., “Belantamab mafodotin for the treatment of multiple myeloma,” Drugs
of Today, vol. 57, no. 11, 2021, doi: 10.1358/dot.2021.57.11.3319146.

[122] A. C. Baines et al., “FDA Approval Summary: Belantamab Mafodotin for Patients with
Relapsed or Refractory Multiple Myeloma,” Clinical Cancer Research, vol. 28, no. 21,
2022, doi: 10.1158/1078-0432.CCR-22-0618.

[123]“FDA granted accelerated approval to belantamab mafodotin-blmf for multiple
myeloma | FDA.” Accessed: Mar. 20, 2024. [Online]. Available:
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-granted-
accelerated-approval-belantamab-mafodotin-bImf-multiple-myeloma

[124]R. Khanam et al., “Management of Adverse Reactions for BCMA-Directed Therapy in
Relapsed Multiple Myeloma: A Focused Review,” Journal of Clinical Medicine, vol. 12,
no. 17. 2023. doi: 10.3390/jcm12175539.

[125]S. Modak et al., “Naxitamab-based chemoimmunotherapy for resistant high-risk
neuroblastoma: Results of ‘HITS’ phase II study.,” Journal of Clinical Oncology, vol.
40, no. 16_suppl, 2022, doi: 10.1200/jc0.2022.40.16_suppl.10028.

118 |Page



E-ISBN: 978-1-68576-521-7

[126] A. Markham, ‘“Naxitamab: First Approval,” Drugs, vol. 81, no. 2. 2021. doi:
10.1007/s40265-021-01467-4.

[127]L. R. Slatnick, A. Jimeno, L. Gore, and M. E. Macy, ‘“Naxitamab: A humanized anti-
glycolipid disialoganglioside (anti-GD2) monoclonal antibody for treatment of
neuroblastoma,” Drugs of Today, wvol. 57, no. 11, 2021, doi:
10.1358/dot.2021.57.11.3343691.

[128] A. Castafieda et al., “How we approach the treatment of patients with high-risk
neuroblastoma with naxitamab: experience from the Hospital Sant Joan de Déu in
Barcelona, Spain,” ESMO  Open, vol. 7, no. 2. 2022. doi:
10.1016/j.esmoop.2022.100462.

[129]B. Costa and N. Vale, “Dostarlimab: A Review,” Biomolecules, vol. 12, no. 8. 2022.
doi: 10.3390/biom12081031.

[L30]L. Gettman, “New Drug Update: Dostarlimab, Loncastuximab Tesirine, and
Aducanumab,” Sr Care Pharm, vol. 37, no. 1, 2021, doi: 10.4140/tcp.n.2022.9.

[131]S. Patel, A. Singh, V. Kesharwani, S. Pathak, P. Jaiswal, and A. Farooqi, “The New Era
Drug: Dostarlimab Having Effective Clinical Trial & Combination Clinical Therapies,”
NeuroQuantology, vol. 20, no. 14, 2022.

[132]U. B. Park, T. J. Jeong, N. Gu, H. T. Lee, and Y. S. Heo, “Molecular basis of PD-1
blockade by dostarlimab, the FDA-approved antibody for cancer immunotherapy,”
Biochem Biophys Res Commun, vol. 599, 2022, doi: 10.1016/j.bbrc.2022.02.026.

[133]T. J. Jeong et al., “The High-Resolution Structure Reveals Remarkable Similarity in
PD-1 Binding of Cemiplimab and Dostarlimab, the FDA-Approved Antibodies for
Cancer Immunotherapy,” Biomedicines, vol. 10, no. 12, 2022, doi:
10.3390/biomedicines10123154.

[134] “Amivantamab OK’d for EGFR-Mutant NSCLC,” Cancer discovery, vol. 11, no. 7.
2021. doi: 10.1158/2159-8290.CD-NB2021-0351.

[135]Y. Xie, Q. Lu, J. Q. Wang, L. Bo, C. R. Ashby, and Z. S. Chen, “Amivantamab: a
monoclonal EGFR-MET bispecific antibody for EGFR exon 20 insertion in non-small
cell lung cancer,” Drugs of Today, vol. 58, no. 8, 2022, doi:
10.1358/dot.2022.58.8.3432777.

[136]D. Brazel and M. Nagasaka, “Spotlight on amivantamab (Jnj-61186372) for egfr exon
20 insertions positive non-small cell lung cancer,” Lung Cancer: Targets and Therapy,
vol. 12, 2021, doi: 10.2147/LCTT.S337861.

[137]K. Chon et al., “FDAApproval Summary: Amivantamab for the Treatment of Patients
with Non-Small Cell Lung Cancer with EGFR Exon 20 Insertion Mutations,” Clinical
Cancer Research, vol. 29, no. 17, 2023, doi: 10.1158/1078-0432.CCR-22-3713.

[138] A. Mullard, “FDA approves ADC Therapeutics’ loncastuximab tesirine, ushering in a
new cytotoxic payload,” Nature reviews. Drug discovery, vol. 20, no. 6. 2021. doi:
10.1038/d41573-021-00082-y.

[139] FDA, “FDA grants accelerated approval to loncastuximab tesirine-Ipyl for large B-cell
lymphoma,” FDA grants accelerated approval to loncastuximab tesirine-Ipyl for large
B-cell lymphoma.

[140][140] B. Xu, “Loncastuximab tesirine: an effective therapy for relapsed or refractory
diffuse large B-cell lymphoma,” European Journal of Clinical Pharmacology, vol. 78,
no. 5. 2022. doi: 10.1007/s00228-021-03253-3.

[141]A. C. Tan, “Targeting the PI3K/Akt/mTOR pathway in non-small cell lung cancer
(NSCLC),” Thoracic Cancer, vol. 11, no. 3. 2020. doi: 10.1111/1759-7714.13328.

[142] Q. AlGabbani, “Mutations in TP53 and PIK3CA genes in hepatocellular carcinoma
patients are associated with chronic Schistosomiasis,” Saudi J Biol Sci, vol. 29, no. 2,
2022, doi: 10.1016/j.sjbs.2021.10.022.

119|Page



E-ISBN: 978-1-68576-521-7

[143]J. Park et al., “Analysis of PIK3CA Mutation Concordance and Frequency in Primary
and Different Distant Metastatic Sites in Breast Cancer,” Cancer Res Treat, vol. 55, no.
1, 2023, doi: 10.4143/crt.2022.001.

[144]]J. W. Chen et al., “Comparison of PIK3CA Mutation Prevalence in Breast Cancer
across Predicted Ancestry Populations,” JCO Precis Oncol, no. 6, 2022, doi:
10.1200/p0.22.00341.

[145]]J. Chen et al., “TCGA database analysis of the tumor mutation burden and its clinical
significance in colon cancer,” J Gastrointest Oncol, vol. 12, no. 5, 2021, doi:
10.21037/jgo-21-661.

[146]Y. Morii et al., “Perifosine enhances the potential antitumor effect of 5-fluorourasil and
oxaliplatin in colon cancer cells harboring the PIK3CA mutation,” Eur J Pharmacol, vol.
898, 2021, doi: 10.1016/j.ejphar.2021.173957.

[147]J. A. Benitez et al., “PTEN deficiency leads to proteasome addiction: A novel
vulnerability in glioblastoma,” Neuro Oncol, vol. 23, no. 7, 2021, doi:
10.1093/neuonc/noab001.

[148] M. Hashemi et al., “Progress in targeting PTEN/PI3K/Akt axis in glioblastoma therapy:
Revisiting molecular interactions,” Biomedicine and Pharmacotherapy, vol. 158. 2023.
doi: 10.1016/j.biopha.2022.114204.

[149]S. R. Ferdosi et al., “PTEN loss drives resistance to the neddylation inhibitor MLN4924
in glioblastoma and can be overcome with TOP2A inhibitors,” Neuro Oncol, vol. 24, no.
11, 2022, doi: 10.1093/neuonc/noac067.

[150] V. Alvarez-Garcia, Y. Tawil, H. M. Wise, and N. R. Leslie, “Mechanisms of PTEN loss
in cancer: It’s all about diversity,” Seminars in Cancer Biology, vol. 59. 2019. doi:
10.1016/j.semcancer.2019.02.001.

[151]S. Al Bashir et al., “PTEN Loss in a Prostate Cancer Cohort from Jordan,” Applied
Immunohistochemistry and Molecular Morphology, vol. 28, no. 5, 2020, doi:
10.1097/PAI1.0000000000000732.

[152][152] W. Shi et al., “Immune checkpoint B7-H3 is a therapeutic vulnerability in
prostate cancer harboring PTEN and TP53 deficiencies,” Sci Transl Med, vol. 15, no.
695, 2023, doi: 10.1126/scitransImed.adf6724.

[153] M. Prvanovi¢ et al., “Role of pten, pi3k, and mtor in triple-negative breast cancer,” Life,
vol. 11, no. 11, 2021, doi: 10.3390/Iife11111247.

[154] A. Andrikopoulou et al., “‘The emerging role of capivasertib in breast cancer,”” Breast,
vol. 63. 2022. doi: 10.1016/j.breast.2022.03.018.

[155]J. S. Bergholz et al., “PI3KB controls immune evasion in PTEN-deficient breast
tumours,” Nature, vol. 617, no. 7959, 2023, doi: 10.1038/s41586-023-05940-w.

[156]R. Cabrita et al., “The role of PTEN loss in immune escape, melanoma prognosis and
therapy response,” Cancers (Basel), vol. 12, no. 3, 2020, doi: 10.3390/cancers12030742.

[157]B. Kim, S. Y. Kang, D. Kim, Y. J. Heo, and K. M. Kim, “Pten protein loss and loss-0f-
function mutations in gastric cancers: The relationship with microsatellite instability,
ebv, her2, and pd-l11 expression,” Cancers (Basel), vol. 12, no. 7, 2020, doi:
10.3390/cancers12071724.

[158]R. Yuan et al., “Cucurbitacin B inhibits TGF-B1-induced epithelial-mesenchymal
transition (EMT) in NSCLC through regulating ROS and PI3K/Akt/mTOR pathways,”
Chinese Medicine (United Kingdom), vol. 17, no. 1, 2022, doi: 10.1186/s13020-022-
00581-z.

[159]A. T. Jacobs, D. Martinez Castaneda-Cruz, M. M. Rose, and L. Connelly, “Targeted
therapy for breast cancer: An overview of drug classes and outcomes,” Biochemical
Pharmacology, vol. 204. 2022. doi: 10.1016/j.bcp.2022.1152009.

120|Page



E-ISBN: 978-1-68576-521-7

[L60]A. J. Wagner et al.,, “nab-Sirolimus for Patients With Malignant Perivascular
Epithelioid Cell Tumors,” Journal of Clinical Oncology, vol. 39, no. 33, 2021, doi:
10.1200/JC0O.21.01728.

[L61]A. Haeri, M. Osouli, F. Bayat, S. Alavi, and S. Dadashzadeh, “Nanomedicine
approaches for sirolimus delivery: a review of pharmaceutical properties and preclinical
studies,” Artificial Cells, Nanomedicine and Biotechnology, vol. 46, no. supl. 2018.
doi: 10.1080/21691401.2017.1408123.

[162]R. Roskoski, “Properties of FDA-approved small molecule protein kinase inhibitors: A
2023 update,” Pharmacological Research, vol. 187. 2023. doi:
10.1016/j.phrs.2022.106552.

[163]F. André et al., “Alpelisib for PIK3CA -Mutated, Hormone Receptor—Positive
Advanced Breast Cancer ,” New England Journal of Medicine, vol. 380, no. 20, 2019,
doi: 10.1056/nejm0al813904.

[164]X. Li et al., “Duvelisib attenuates bleomycin-induced pulmonary fibrosis via inhibiting
the PI3K/Akt/mTOR signalling pathway,” J Cell Mol Med, vol. 27, no. 3, 2023, doi:
10.1111/jcmm.17665.

[165]K. Patel, A. V. Danilov, and J. M. Pagel, “Duvelisib for CLL/SLL and follicular non-
Hodgkin lymphoma,” Blood, vol. 134, no. 19, 2019, doi: 10.1182/blood.2019001795.

[166] M. Magagnoli, C. Carlo-Stella, and A. Santoro, “Copanlisib for the treatment of adults
with relapsed follicular lymphoma,” Expert Rev Clin Pharmacol, 2020, doi:
10.1080/17512433.2020.1787829.

[167]S. Appukkuttan et al., “A budget impact analysis of the introduction of copanlisib for
treatment of relapsed follicular lymphoma in the United States,” J Manag Care Spec
Pharm, vol. 25, no. 4, 2019, doi: 10.18553/jmcp.2019.18259.

[168]N. Lenze, B. Chera, and S. Sheth, “An evaluation of buparlisib for the treatment of head
and neck squamous cell carcinoma,” Expert Opin Pharmacother, vol. 22, no. 2, 2021,
doi: 10.1080/14656566.2020.1825684.

[169]J. Xing, J. Yang, Y. Gu, and J. Yi, “Research update on the anticancer effects of
buparlisib  (Review),” Oncology Letters, vol. 21, no. 4. 2021. doi:
10.3892/01.2021.12527.

[170] M. Jafari et al., “Prevalence and patterns of mutations in RAS/RAF/MEK/ERK/MAPK
signaling pathway in colorectal cancer in North Africa,” BMC Cancer, vol. 22, no. 1,
2022, doi: 10.1186/512885-022-10235-w.

[171]J. Ros et al., “BRAF, MEK and EGFR inhibition as treatment strategies in BRAF
V600E metastatic colorectal cancer,” Therapeutic Advances in Medical Oncology, vol.
13. 2021. doi: 10.1177/1758835921992974.

[172]Y. Liang et al., “20(S)-Ginsenoside Rg3 Inhibits Lung Cancer Cell Proliferation by
Targeting EGFR-Mediated Ras/Raf/MEK/ERK Pathway,” American Journal of
Chinese Medicine, vol. 49, no. 3, 2021, doi: 10.1142/S0192415X2150035X.

[173]H. Yang, Z. Wan, C. Huang, H. Yin, and D. Song, “AMPH-1 is a tumor suppressor of
lung cancer by inhibiting Ras-Raf-MEK-ERK signal pathway,” Lasers Med Sci, vol. 34,
no. 3, 2019, doi: 10.1007/s10103-018-2616-4.

[174]S. zhi Wu et al., “Dihydrosanguinarine suppresses pancreatic cancer cells via regulation
of mut-p53/WT-p53 and the Ras/Raf/Mek/Erk pathway,” Phytomedicine, vol. 59, 2019,
doi: 10.1016/j.phymed.2019.152895.

[175]L. Schubert, M. L. Mariko, J. Clerc, O. Huillard, and L. Groussin, “MAPK Pathway
Inhibitors in Thyroid Cancer: Preclinical and Clinical Data,” Cancers, vol. 15, no. 3.
2023. doi: 10.3390/cancers15030710.

[176]D. Wu et al., “Epigallocatechin-3-gallate inhibits the growth and increases the apoptosis
of human thyroid carcinoma cells through suppression of EGFR/RAS/RAF/MEK/ERK

121 |Page



E-ISBN: 978-1-68576-521-7

signaling pathway,” Cancer Cell Int, vol. 19, no. 1, 2019, doi: 10.1186/s12935-019-
0762-9.

[177]S. Jin et al., “TGF-B1 fucosylation enhances the autophagy and mitophagy via
PI3K/Akt and Ras-Raf-MEK-ERK in ovarian carcinoma,” Biochem Biophys Res
Commun, vol. 524, no. 4, 2020, doi: 10.1016/j.bbrc.2020.02.028.

[178]C. S. E. Hendrikse et al., “The potential of RAS/RAF/MEK/ERK (MAPK) signaling
pathway inhibitors in ovarian cancer. A systematic review and meta-analysis,”
Gynecologic Oncology, vol. 171. 2023. doi: 10.1016/j.ygyno.2023.01.038.

[179] T. Hasegawa, R. Adachi, H. Iwakata, T. Takeno, K. Sato, and T. Sakamaki, “ErbB2
signaling epigenetically  suppresses microRNA-205 transcription via
Ras/Raf/MEK/ERK pathway in breast cancer,” FEBS Open Bio, vol. 7, no. 8, 2017,
doi: 10.1002/2211-5463.12256.

[180] A. Rocca, L. Braga, M. C. Volpe, S. Maiocchi, and D. Generali, “The Predictive and
Prognostic Role of RAS-RAF-MEK-ERK Pathway Alterations in Breast Cancer:
Revision of the Literature and Comparison with the Analysis of Cancer Genomic
Datasets,” Cancers, vol. 14, no. 21. 2022. doi: 10.3390/cancers14215306.

[181]L. Ouyang et al., “Polygonatum odoratum lectin induces apoptosis and autophagy via
targeting EGFR-mediated Ras-Raf-MEK-ERK pathway in human MCF-7 breast cancer
cells,” Phytomedicine, vol. 21, no. 12, 2014, doi: 10.1016/j.phymed.2014.08.002.

[182] X. Yang et al., “Combination therapy with miR34a and doxorubicin synergistically
inhibits Dox-resistant breast cancer progression via down-regulation of Snail through
suppressing Notch/NF-kB and RAS/RAF/MEK/ERK signaling pathway,” Acta Pharm
Sin B, vol. 11, no. 9, 2021, doi: 10.1016/j.apsh.2021.06.003.

[183]L. Ta et al., “Wild-type C-Raf gene dosage and dimerization drive prostate cancer
metastasis,” iScience, vol. 26, no. 12, Dec. 2023, doi: 10.1016/j.isci.2023.108480.
[184]D. E. Butler et al., “Inhibition of the PI3K/AKT/mTOR pathway activates autophagy
and compensatory Ras/Raf/MEK/ERK signalling in prostate cancer,” Oncotarget, vol. §,

no. 34, 2017, doi: 10.18632/oncotarget.18082.

[185]G. Madhukar, S. Kumari, P. P. Rath, S. Gourinath, N. Mondal, and N. Subbarao,
“Identification of Potent and Novel Inhibitors against Dual specificity mitogen-
activated protein kinase kinase 1 (MEKI1),” ResearchSquare, Nov. 2022, doi:
10.21203/RS.3.RS-2298439/V1.

[186]W. Wan, W. Xiao, W. Pan, L. Chen, Z. Liu, and J. Xu, “Isoprenylcysteine carboxyl
methyltransferase is critical for glioblastoma growth and survival by activating
Ras/Raf/Mek/Erk,” Cancer Chemother Pharmacol, vol. 89, no. 3, 2022, doi:
10.1007/s00280-022-04401-x.

[187]S. Maraka and F. Janku, “BRAF alterations in primary brain tumors.,” Discov Med, vol.
26, no. 141, 2018.

[188]J. Wang et al., “PHLDA1 promotes glioblastoma cell growth via sustaining the
activation state of Ras,” Cellular and Molecular Life Sciences, vol. 79, no. 10, 2022,
doi: 10.1007/s00018-022-04538-1.

[189]S. M. Akula et al., “RAS/RAF/MEK/ERK, PI3K/PTEN/AKT/mTORC1 and TP53
pathways and regulatory miRs as therapeutic targets in hepatocellular carcinoma,”
Expert Opinion on Therapeutic Targets, vol. 23, no. 11. 2019. doi:
10.1080/14728222.2019.1685501.

[190]Z. Ye et al., “Diwu Yanggan capsule inhibits the occurrence and development of liver
cancer in the Solt-Farber rat model by regulating the Ras/Raf/Mek/Erk signaling
pathway,” Am J Transl Res, vol. 10, no. 11, 2018.

[191]K. Zhou, X. Luo, Y. Wang, D. Cao, and G. Sun, “MicroRNA-30a suppresses tumor
progression by blocking Ras/Raf/MEK/ERK signaling pathway in hepatocellular

122 |Page



E-ISBN: 978-1-68576-521-7

carcinoma,” Biomedicine and Pharmacotherapy, vol. 93, 2017, doi:
10.1016/j.biopha.2017.07.029.

[192] A. Ghousein et al., “miR-4510 blocks hepatocellular carcinoma development through
RAFTI targeting and RAS/RAF/MEK/ERK signalling inactivation,” Liver International,
vol. 40, no. 1, 2020, doi: 10.1111/liv.14276.

[193]T. Ram et al., “MEK inhibitors in cancer treatment: structural insights, regulation,
recent advances and future perspectives,” RSC Medicinal Chemistry, vol. 14, no. 10.
2023. doi: 10.1039/d3md00145h.

[194] A. R. Moore, S. C. Rosenberg, F. McCormick, and S. Malek, “Author Correction: RAS-
targeted therapies: is the undruggable drugged? (Nature Reviews Drug Discovery,
(2020), 19, 8, (533-552), 10.1038/s41573-020-0068-6),” Nature Reviews Drug
Discovery, vol. 19, no. 12. 2020. doi: 10.1038/s41573-020-0089-1.

[195] A. B. Coley et al., “Pan-RAS inhibitors: Hitting multiple RAS isozymes with one stone,”
in Advances in Cancer Research, vol. 153, 2022. doi: 10.1016/bs.acr.2021.07.009.
[196] V. Asati, D. K. Mahapatra, and S. K. Bharti, “K-Ras and its inhibitors towards
personalized cancer treatment: Pharmacological and structural perspectives,” European

Journal of Medicinal Chemistry, vol. 125. 2017. doi: 10.1016/j.ejmech.2016.09.049.

[1971U. M. Ammar, M. S. Abdel-Maksoud, and C. H. Oh, “Recent advances of RAF (rapidly
accelerated fibrosarcoma) inhibitors as anti-cancer agents,” European Journal of
Medicinal Chemistry, vol. 158. 2018. doi: 10.1016/j.ejmech.2018.09.005.

[198]R. Yaeger and R. B. Corcoran, “Targeting alterations in the RAF-MEK pathway,”
Cancer Discovery, vol. 9, no. 3. 2019. doi: 10.1158/2159-8290.CD-18-1321.

[199]R. Ullah, Q. Yin, A. H. Snell, and L. Wan, “RAF-MEK-ERK pathway in cancer
evolution and treatment,” Seminars in Cancer Biology, vol. 85. 2022. doi:
10.1016/j.semcancer.2021.05.010.

[200] X. Tian et al., “Costunolide is a dual inhibitor of MEK1 and AKT1/2 that overcomes
osimertinib resistance in lung cancer,” Molecular Cancer, vol. 21, no. 1. 2022. doi:
10.1186/512943-022-01662-1.

[201]E. Limagne et al., “MEK inhibition overcomes chemoimmunotherapy resistance by
inducing CXCLI10 in cancer cells,” Cancer Cell, vol. 40, no. 2, 2022, doi:
10.1016/j.ccell.2021.12.0009.

[202] V. Subbiah, C. Baik, and J. M. Kirkwood, “Clinical Development of BRAF plus MEK
Inhibitor Combinations,” Trends in Cancer, vol. 6, no. 9. 2020. doi:
10.1016/j.trecan.2020.05.0009.

[203] Y. Peng, P. Zhang, W. Mei, and C. Zeng, “Exploring FGFR signaling inhibition as a
promising approach in breast cancer treatment,” International Journal of Biological
Macromolecules, vol.  267. Elsevier B.V.,, May 01, 2024. doi:
10.1016/j.ijbiomac.2024.131524.

[204] D. Wekking et al., “Fibroblast growth factor receptors as targets for anticancer therapy
in cholangiocarcinomas and urothelial carcinomas,” Heliyon, vol. 9, no. 9. 2023. doi:
10.1016/j.heliyon.2023.e19541.

[205]M. Katoh, Y. Loriot, G. Brandi, S. Tavolari, Z. A. Wainberg, and M. Katoh, “FGFR-
targeted therapeutics: clinical activity, mechanisms of resistance and new directions,”
Nature Reviews Clinical Oncology. 2024. doi: 10.1038/s41571-024-00869-z.

[206] C. Garbe and T. K. Eigentler, “Vemurafenib,” in Recent Results in Cancer Research,
vol. 211, 2018. doi: 10.1007/978-3-319-91442-8 6.

[207]M. E. Cabanillas, M. Ryder, and C. Jimenez, “Targeted Therapy for Advanced Thyroid
Cancer: Kinase Inhibitors and beyond,” Endocrine Reviews, vol. 40, no. 6. 2019. doi:
10.1210/er.2019-00007.

123 |Page



E-ISBN: 978-1-68576-521-7

[208]R. J. Kelly, “Dabrafenib and trametinib for the treatment of non-small cell lung cancer,”
Expert Rev  Anticancer  Ther, wvol. 18, no. 11, 2018, doi:
10.1080/14737140.2018.1521272.

[209]R. Zeiser, H. Andrlova, and F. Meiss, “Trametinib (GSK1120212),” in Recent Results
in Cancer Research, vol. 211, 2018. doi: 10.1007/978-3-319-91442-8 7.

[210]T. C. Weart, K. D. Miller, and C. B. Simone, “Spotlight on dabrafenib/trametinib in the
treatment of non-small-cell lung cancer: Place in therapy,” Cancer Management and
Research, vol. 10. 2018. doi: 10.2147/CMAR.S1422609.

[211]J. Signorelli and A. Shah Gandhi, “Cobimetinib: A Novel MEK Inhibitor for Metastatic
Melanoma,” Annals of Pharmacotherapy, vol. 51, no. 2. 2017. doi:
10.1177/1060028016672037.

[212]H. Andrlova, R. Zeiser, and F. Meiss, “Cobimetinib (GDC-0973, XL518),” in Recent
Results in Cancer Research, vol. 211, 2018. doi: 10.1007/978-3-319-91442-8 12.

[213] K. P. Garnock-Jones, “Cobimetinib: First Global Approval,” Drugs, vol. 75, no. 15,
2015, doi: 10.1007/s40265-015-0477-8.

[214]A. Boespflug and L. Thomas, “Cobimetinib and vemurafenib for the treatment of
melanoma,” Expert Opinion on Pharmacotherapy, vol. 17, no. 7. 2016. doi:
10.1517/14656566.2016.1168806.

[215]S. Sakata and D. W. Larson, “Targeted Therapy for Colorectal Cancer,” Surgical
Oncology Clinics of North  America, vol. 31, no. 2. 2022. doi:
10.1016/j.s0c.2021.11.006.

[216] G. Roviello et al., “Encorafenib, Binimetinib, and Cetuximab in BRAF V600E-Mutated
Colorectal Cancer,” Translational Oncology, vol. 13, no. 9. 2020. doi:
10.1016/j.tranon.2020.100795.

[217]Z. T. Al-Salama, “Encorafenib: A Review in Metastatic Colorectal Cancer with a
BRAF V600E Mutation,” Drugs, vol. 81, no. 7. 2021. doi: 10.1007/s40265-021-01501-
5.

[218]J. Ros, N. Saoudi, I. Baraibar, F. Salva, J. Tabernero, and E. Elez, “Encorafenib plus
cetuximab for the treatment of BRAF-V600E-mutated metastatic colorectal cancer,”
Therapeutic  Advances in  Gastroenterology, vol. 15. 2022.  doi:
10.1177/17562848221110644.

[219]S. C. F. A. Huijberts, R. M. J. M. Van Geel, R. Bernards, J. H. Beijnen, and N. Steeghs,
“Encorafenib, binimetinib and cetuximab combined therapy for patients with
BRAFV600E mutant metastatic colorectal cancer,” Future Oncology, vol. 16, no. 6,
2020, doi: 10.2217/fon-2019-0748.

[220]L. Chen, S. Liu, and Y. Tao, “Regulating tumor suppressor genes: post-translational
modifications,” Signal Transduction and Targeted Therapy, vol. 5, no. 1. 2020. doi:
10.1038/541392-020-0196-9.

[221]L. J. Hernandez Borrero and W. S. El-Deiry, “Tumor suppressor p53: Biology,
signaling pathways, and therapeutic targeting,” Biochimica et Biophysica Acta -
Reviews on Cancer, vol. 1876, no. 1. 2021. doi: 10.1016/j.bbcan.2021.188556.

[222]E. N. Kontomanolis et al., “Role of oncogenes and tumor-suppressor genes in
carcinogenesis: A review,” Anticancer Research, vol. 40, no. 11. 2020. doi:
10.21873/anticanres.14622.

[223]B. Seliger and C. Massa, “Modulation of Lymphocyte Functions in the
Microenvironment by Tumor Oncogenic Pathways,” Frontiers in Immunology, vol. 13.
2022. doi: 10.3389/fimmu.2022.883639.

[224]]. Liu, C. Zhang, W. Hu, and Z. Feng, “Tumor suppressor p53 and metabolism,”
Journal of Molecular Cell Biology, vol. 11, no. 4. 2019. doi: 10.1093/jmcb/mjy070.

124|Page



E-ISBN: 978-1-68576-521-7

[225] C. Zhang et al., “The Interplay Between Tumor Suppressor p53 and Hypoxia Signaling
Pathways in Cancer,” Frontiers in Cell and Developmental Biology, vol. 9. 2021. doi:
10.3389/fcell.2021.648808.

[226]C. C. Cruz-Galvez, J. C. Ordaz-Favila, V. M. Villar-Calvo, M. E. Cancino-Marentes,
and V. Bosch-Canto, “Retinoblastoma: Review and new insights,” Frontiers in
Oncology, vol. 12. 2022. doi: 10.3389/fonc.2022.963780.

[227]E. M. Verdugo-Sivianes and A. Carnero, “SPINOPHILIN: A multiplayer tumor
suppressor,”  Genes and  Diseases, vol. 10, no. 1. 2023. doi:
10.1016/j.gendis.2021.12.021.

[228]F. Vella, “The cell. A molecular approach,” Biochem Educ, vol. 26, no. 1, 1998, doi:
10.1016/s0307-4412(98)00065-x.

[229] T. Baslan et al., “Ordered and deterministic cancer genome evolution after p53 loss,”
Nature, vol. 608, no. 7924, 2022, doi: 10.1038/s41586-022-05082-5.

[230]X. Chen et al., “Mutant p53 in cancer: from molecular mechanism to therapeutic
modulation,” Cell Death and Disease, vol. 13, no. 11. 2022. doi: 10.1038/s41419-022-
05408-1.

[231]R. P. Kaur, K. Vasudeva, R. Kumar, and A. Munshi, “Role of p53 Gene in Breast
Cancer: Focus on Mutation Spectrum and Therapeutic Strategies,” Curr Pharm Des, vol.
24, no. 30, 2018, doi: 10.2174/1381612824666180926095709.

[232] D. P. Lane, C. F. Cheok, and S. Lain, “p53-based cancer therapy.,” Cold Spring Harbor
perspectives in biology, vol. 2, no. 9. 2010. doi: 10.1101/cshperspect.a001222.

[233]B. Wallis, K. R. Bowman, P. Lu, and C. S. Lim, “The Challenges and Prospects of p53-
Based Therapies in Ovarian Cancer,” Biomolecules, vol. 13, no. 1. 2023. doi:
10.3390/biom13010159.

[234]Y. X. Lin et al., “Reactivation of the tumor suppressor PTEN by mRNA nanoparticles
enhances antitumor immunity in preclinical models,” Sci Transl Med, vol. 13, no. 599,
2021, doi: 10.1126/scitransImed.aba9772.

[235]F. Sun et al., “Ara-c induces cell cycle G1/S arrest by inducing upregulation of the
INK4 family gene or directly inhibiting the formation of the cell cycle-dependent
complex CDK4/cyclin DI1,” Cell Cycle, vol. 18, no. 18, 2019, doi:
10.1080/15384101.2019.1644913.

[236] A. Romani, E. Zauli, G. Zauli, S. AlMesfer, S. Al-Swailem, and R. Voltan, “MDM?2
inhibitors-mediated disruption of mitochondrial metabolism: A novel therapeutic
strategy for retinoblastoma,” Frontiers in Oncology, vol. 12. 2022. doi:
10.3389/fonc.2022.1000677.

[237]T. de Bakker et al., “Restoring p53 Function in Head and Neck Squamous Cell
Carcinoma to Improve Treatments,” Frontiers in Oncology, vol. 11. 2022. doi:
10.3389/fonc.2021.799993.

[238] V. Raval, M. Parulekar, and A. D. Singh, “Emerging New Therapeutics for
Retinoblastoma,” Ocular Oncology and Pathology, vol. 8, no. 3. 2022. doi:
10.1159/0005249109.

[239]H. Gao, H. Li, W. Liu, S. K. Mishra, and C. Li, “Andrographolide Induces Apoptosis in
Gastric Cancer Cells through Reactivation of p53 and Inhibition of Mdm-2,” Dokl
Biochem Biophys, vol. 500, no. 1, 2021, doi: 10.1134/S1607672921050070.

[240]Y. Zhan et al., “Decreased DNA Damage and Improved p53 Specificity of RITA
Analogs,” Mol Cancer Ther, vol. 21, no. 10, 2022, doi: 10.1158/1535-7163.MCT-22-
0119.

[241]M. Endo et al., “Reactivation of p53 by RITA Induces Apoptosis in Human Oral
Squamous Cell Carcinoma Cells,” Anticancer Res, vol. 42, no. 6, 2022, doi:
10.21873/anticanres.15775.

125|Page



E-ISBN: 978-1-68576-521-7

[242]A. Ahmed, J. Yang, A. Maya-Mendoza, D. A. Jackson, and M. Ashcroft,
“Pharmacological activation of a novel p53-dependent S-phase checkpoint involving
CHK-1,” Cell Death Dis, vol. 2, no. 5, 2011, doi: 10.1038/cddis.2011.42.

[243]J. L. Roh, S. K. Kang, I. Minn, J. A. Califano, D. Sidransky, and W. M. Koch, “P53-
Reactivating small molecules induce apoptosis and enhance chemotherapeutic
cytotoxicity in head and neck squamous cell carcinoma,” Oral Oncol, vol. 47, no. 1,
2011, doi: 10.1016/j.oraloncology.2010.10.011.

[244]R. N. Mobaraki et al., “RITA induces apoptosis in p53-null K562 leukemia cells by
inhibiting STATS, Akt, and NF-«xB signaling pathways,” Anticancer Drugs, vol. 29, no.
9, 2018, doi: 10.1097/CAD.0000000000000651.

[245]Q. Wu et al., “Study on therapeutic action and mechanism of TMZ Combined with
RITA against glioblastoma,” Cellular Physiology and Biochemistry, vol. 51, no. 6, 2019,
doi: 10.1159/000495923.

[246] C. Piyawajanusorn, Y. Kittirat, P. Sa-Ngiamwibool, A. Titapun, W. Loilome, and N.
Namwat, “PRIMA-1IMET induces cellular senescence and apoptotic cell death in
cholangiocarcinoma cells,” Cancer Genomics Proteomics, vol. 16, no. 6, 2019, doi:
10.21873/cgp.20156.

[247] A. Perdrix et al., “PRIMA-1 and PRIMA-1Met (APR-246): From mutant/wild type p53
reactivation to unexpected mechanisms underlying their potent anti-tumor effect in
combinatorial therapies,” Cancers, vol. 9, no. 12. 2017. doi: 10.3390/cancers9120172.

[248] P. Zatloukalova, M. Galoczova, and B. Vojtések, “Prima-1 and APR-246 in cancer
therapy,” Klinicka Onkologie, vol. 2018, 2018, doi: 10.14735/AMK020182S71.

[249]N. Yoshikawa et al., “PRIMA-1 MET induces apoptosis through accumulation of
intracellular reactive oxygen species irrespective of p53 status and chemo-sensitivity in
epithelial ovarian cancer cells,” Oncol Rep, vol. 35 no. 5, 2016, doi:
10.3892/0r.2016.4653.

[250]X. L. Li, J. Zhou, Z. L. Chan, J. Y. Chooi, Z. R. Chen, and W. J. Chng, “PRIMA-1met
(APR-246) inhibits growth of colorectal cancer cells with different p53 status through
distinct mechanisms,” Oncotarget, vol. 6, no. 34, 2015, doi: 10.18632/oncotarget.5385.

[251]T. Lu et al., “PRIMA-1Met suppresses colorectal cancer independent of p53 by
targeting MEK,” Oncotarget, vol. 7, no. 50, 2016, doi: 10.18632/oncotarget.12940.

[252] A. Fransson, D. Glaessgen, J. Alfredsson, K. G. Wiman, S. Bajalica-Lagercrantz, and N.
Mohell, “Strong synergy with APR-246 and DNA-damaging drugs in primary cancer
cells from patients with TP53 mutant High-Grade Serous ovarian cancer,” J Ovarian
Res, vol. 9, no. 1, 2016, doi: 10.1186/s13048-016-0239-6.

[253] M. N. Saha, Y. Chen, M. H. Chen, G. Chen, and H. Chang, “Small molecule MIRA-1
induces in vitro and in vivo anti-myeloma activity and synergizes with current anti-
myeloma agents,” Br J Cancer, vol. 110, no. 9, 2014, doi: 10.1038/bjc.2014.164.

[254]W. Dai, J. Zhou, B. Jin, and J. Pan, “Class III-specific HDAC inhibitor Tenovin-6
induces apoptosis, suppresses migration and eliminates cancer stem cells in uveal
melanoma,” Sci Rep, vol. 6, 2016, doi: 10.1038/srep22622.

[255] X. Ke, Q. Qin, T. Deng, Y. Liao, and S. J. Gao, “Heterogeneous responses of gastric
cancer cell lines to Tenovin-6 and synergistic effect with chloroquine,” Cancers (Basel),
vol. 12, no. 2, 2020, doi: 10.3390/cancers12020365.

[256]B. Bin Lee et al., “Metformin and tenovin-6 synergistically induces apoptosis through
LKB1-independent SIRT1 down-regulation in non-small cell lung cancer cells,” J Cell
Mol Med, vol. 23, no. 4, 2019, doi: 10.1111/jcmm.14194.

[257]L. Wu, K. Fidan, J. Y. Um, and K. S. Ahn, “Telomerase: Key regulator of inflammation
and cancer,” Pharmacological Research, vol. 155. 2020. doi:
10.1016/j.phrs.2020.104726.

126 |Page



E-ISBN: 978-1-68576-521-7

[258]J. Gao and H. A. Pickett, “Targeting telomeres: advances in telomere maintenance
mechanism-specific cancer therapies,” Nature Reviews Cancer, vol. 22, no. 9. 2022.
doi: 10.1038/s41568-022-00490-1.

[259]H. C. Fan et al.,, “Telomeres and Cancer,” Life, vol. 11, no. 12. 2021. doi:
10.3390/l1ife11121405.

[260]M. Dratwa, B. Wysoczanska, P. Lacina, T. Kubik, and K. Bogunia-Kubik, “TERT—
Regulation and Roles in Cancer Formation,” Frontiers in Immunology, vol. 11. 2020.
doi: 10.3389/fimmu.2020.589929.

[261]S. Ghareghomi, S. Ahmadian, N. Zarghami, and H. Kahroba, “Fundamental insights
into the interaction between telomerase/TERT and intracellular signaling pathways,”
Biochimie, vol. 181. 2021. doi: 10.1016/j.biochi.2020.11.015.

[262] A. B. Behrooz and A. Syahir, “Could We Address the Interplay Between CDI133,
Wnt/B-Catenin, and TERT Signaling Pathways as a Potential Target for Glioblastoma
Therapy?,” Frontiers in Oncology, vol. 11. 2021. doi: 10.3389/fonc.2021.642719.

[263]N. Razdan, T. Vasilopoulos, and U. Herbig, “Telomere dysfunction promotes
transdifferentiation of human fibroblasts into myofibroblasts,” Aging Cell, vol. 17, no.
6, 2018, doi: 10.1111/acel.12838.

[264]T. N. V. Patel, R. Vasan, D. Gupta, J. Patel, and M. Trivedi, “Shelterin proteins and
cancer,” Asian Pacific Journal of Cancer Prevention, vol. 16, no. 8. 2015. doi:
10.7314/APJCP.2015.16.8.3085.

[265] H. Pan et al., “Structure, dynamics, and regulation of TRF1-TIN2-mediated trans- And
cis-interactions on telomeric DNA,” Journal of Biological Chemistry, vol. 297, no. 3,
2021, doi: 10.1016/j.jbc.2021.101080.

[266] H. Knecht and S. Mai, “LMP1 and dynamic progressive telomere dysfunction: A major
culprit in EBV-associated Hodgkin’s lymphoma,” Viruses, vol. 9, no. 7. 2017. doi:
10.3390/v9070164.

[267]P. Kaur et al., “TIN2 is an architectural protein that facilitates TRF2-mediated trans-
and cis-interactions on telomeric DNA,” Nucleic Acids Res, vol. 49, no. 22, 2021, doi:
10.1093/nar/gkab1142.

[268]J. Fischer-Mertens et al., “Telomerase-targeting compounds Imetelstat and 6-thio-dG
act synergistically with chemotherapy in high-risk neuroblastoma models,” Cellular
Oncology, vol. 45, no. 5, 2022, doi: 10.1007/s13402-022-00702-8.

[269]J. A. Waksal, C. Bruedigam, R. S. Komrokji, C. H. M. Jamieson, and J. O. Mascarenhas,
“Telomerase-targeted therapies in myeloid malignancies,” Blood Advances, vol. 7, no.
16. 2023. doi: 10.1182/bloodadvances.2023009903.

[270] X. Ding et al., “BIBR1532, a Selective Telomerase Inhibitor, Enhances Radiosensitivity
of Non-Small Cell Lung Cancer Through Increasing Telomere Dysfunction and
ATM/CHKI1 Inhibition,” in International Journal of Radiation Oncology Biology
Physics, 2019. doi: 10.1016/j.ijrobp.2019.08.009.

[271]H. O. Tawfik et al., “New Genetic Bomb Trigger: Design, Synthesis, Molecular
Dynamics Simulation, and Biological Evaluation of Novel BIBR1532-Related Analogs
Targeting Telomerase against Non-Small Cell Lung Cancer,” Pharmaceuticals, vol. 15,
no. 4, 2022, doi: 10.3390/ph15040481.

[272] G. Altamura et al., “The Small Molecule BIBR1532 Exerts Potential Anti-cancer
Activities in Preclinical Models of Feline Oral Squamous Cell Carcinoma Through
Inhibition of Telomerase Activity and Down-Regulation of TERT,” Front Vet Sci, vol.
7, 2021, doi: 10.3389/fvets.2020.620776.

[273] A. Sabokrouh, F. Atabi, R. M. Jassem, and R. Mohammadi, “The Anticancer Efficacy
of Platinum Azidothymidin on Hepatocellular Carcinoma Via Affecting the Telomerase

127|Page



E-ISBN: 978-1-68576-521-7

and the BcL-2 Genes Expression,” J Gastrointest Cancer, vol. 51, no. 3, 2020, doi:
10.1007/s12029-019-00296-9.

[274] X. Fang et al., “Differences in telomerase activity and the effects of AZT in aneuploid
and euploid cells in colon cancer,” Int J Oncol, vol. 51, no. 2, 2017, doi:
10.3892/1j0.2017.4043.

[275]H. Wang, J. Zhou, Q. He, Y. Dong, and Y. Liu, “Azidothymidine inhibits cell growth
and telomerase activity and induces DNA damage in human esophageal cancer,” Mol
Med Rep, vol. 15, no. 6, 2017, doi: 10.3892/mmr.2017.6549.

[276] M. De Vitis, F. Berardinelli, and A. Sgura, “Telomere length maintenance in cancer: At
the crossroad between telomerase and alternative lengthening of telomeres (ALT),”
International Journal of Molecular Sciences, vol. 19, no. 2. 2018. doi:
10.3390/ijms19020606.

[277]M. A. Dyer, Z. A. Qadeer, D. Valle-Garcia, and E. Bernstein, “ATRX and DAXX:
Mechanisms and mutations,” Cold Spring Harb Perspect Med, vol. 7, no. 3, 2017, doi:
10.1101/cshperspect.a026567.

[278] L. Shi, H. Wen, and X. Shi, “The Histone Variant H3.3 in Transcriptional Regulation
and Human Disease,” Journal of Molecular Biology, vol. 429, no. 13. 2017. doi:
10.1016/j.jmb.2016.11.019.

[279]P. Mabeta and V. Steenkamp, “The VEGF/VEGFR Axis Revisited: Implications for
Cancer Therapy,” International Journal of Molecular Sciences, vol. 23, no. 24. 2022.
doi: 10.3390/ijms232415585.

[280]R. C. Brands et al., “Targeting VEGFR and FGFR in head and neck squamous cell
carcinoma in vitro,” Oncol Rep, vol. 38, no. 3, pp. 1877-1885, 2017, doi:
10.3892/0r.2017.5801.

[281]Y. Zhao et al., “VEGF/VEGFR-Targeted Therapy and Immunotherapy in Non-small
Cell Lung Cancer: Targeting the Tumor Microenvironment,” Int J Biol Sci, vol. 18, no.
9, 2022, doi: 10.7150/ijbs.70958.

[282]D. Frezzetti et al., “VEGF as a potential target in lung cancer,” Expert Opinion on
Therapeutic Targets, vol. 21, no. 10. 2017. doi: 10.1080/14728222.2017.1371137.
[283]H. L. Goel and A. M. Mercurio, “VEGF targets the tumour cell,” Nature Reviews

Cancer, vol. 13, no. 12. 2013. doi: 10.1038/nrc3627.

[284]M. P. Barr et al., “Vascular endothelial growth factor is an autocrine growth factor,
signaling through neuropilin-1 in non-small cell lung cancer,” Mol Cancer, vol. 14, no.
1, 2015, doi: 10.1186/512943-015-0310-8.

[285] V. Infantino, A. Santarsiero, P. Convertini, S. Todisco, and V. lacobazzi, “Cancer cell
metabolism in hypoxia: Role of HIF-1 as key regulator and therapeutic target,”
International Journal of Molecular Sciences, vol. 22, no. 11. 2021. doi:
10.3390/ijms22115703.

[286]J. Korbecki et al., “Chronic and cycling hypoxia: Drivers of cancer chronic
inflammation through hif-1 and nf-xb activation. A review of the molecular
mechanisms,” Int J Mol Sci, vol. 22, no. 19, 2021, doi: 10.3390/ijms221910701.

[287] M. Rashid et al., “Up-down regulation of HIF-1a in cancer progression,” Gene, vol. 798.
2021. doi: 10.1016/j.gene.2021.145796.

[288] Y. Chen, B. Zhao, Y. Zhu, H. Q. Zhao, and C. Ma, “HIF-1-VEGF-notch mediates
angiogenesis in temporomandibular joint osteoarthritis,” Am J Transl Res, vol. 11, no. 5,
2019.

[289]Y. Li et al., “Succinate induces synovial angiogenesis in rheumatoid arthritis through
metabolic remodeling and HIF-1a/VEGF axis,” Free Radic Biol Med, vol. 126, 2018,
doi: 10.1016/j.freeradbiomed.2018.07.0009.

128 |Page



E-ISBN: 978-1-68576-521-7

[290]P. H. Maxwell, C. W. Pugh, and P. J. Ratcliffe, “Activation of the HIF pathway in
cancer,” Current Opinion in Genetics and Development, vol. 11, no. 3. 2001. doi:
10.1016/S0959-437X(00)00193-3.

[291]G. L. Semenza, “Hypoxia, clonal selection, and the role of HIF-1 in tumor progression,”
Critical Reviews in Biochemistry and Molecular Biology, vol. 35, no. 2. 2000. doi:
10.1080/10409230091169186.

[292] Wenger RH., “Cellular adaptation to hypoxia: O 2 -sensing protein hydroxylases ,
hypoxia-inducible transcription factors , and O 2 -regulated gene expression,” The
FASEB Journal, vol. 16, 2002.

[293]C. W. Pugh and P. J. Ratcliffe, “Regulation of angiogenesis by hypoxia: Role of the
HIF system,” Nature Medicine, vol. 9, no. 6. 2003. doi: 10.1038/nm0603-677.

[294] “Phase I Trial of PX-478 - Full Text View - ClinicalTrials.gov.” Accessed: Mar. 18,
2024. [Online]. Available: https://classic.clinicaltrials.gov/ct2/show/NCT00522652
[295]S. T. Palayoor, J. B. Mitchell, D. Cerna, W. DeGraff, M. John-Aryankalayil, and C. N.
Coleman, “PX-478, an inhibitor of hypoxia-inducible factor-l1a, enhances
radiosensitivity of prostate carcinoma cells,” Int J Cancer, vol. 123, no. 10, pp. 2430—

2437, Nov. 2008, doi: 10.1002/1JC.23807.

[296]M. Y. Koh et al., “Molecular mechanisms for the activity of PX-478, an antitumor
inhibitor of the hypoxia-inducible factor-1a,” Mol Cancer Ther, vol. 7, no. 1, pp. 90—
100, Jan. 2008, doi: 10.1158/1535-7163.MCT-07-0463.

[297]D. L. Schwartz et al., “The selective hypoxia inducible factor-1 inhibitor PX-478
provides in vivo radiosensitization through tumor stromal effects,” Mol Cancer Ther,
vol. 8, no. 4, pp. 947-958, Apr. 2009, doi: 10.1158/1535-7163.MCT-08-0981.

[298]L. Xu, H. Ishikawa, Y. Zhou, T. Kobayashi, and M. Shozu, “Antitumor effect of the
selective hypoxia-inducible factor-1 inhibitors echinomycin and PX-478 on uterine
fibroids,” F S Sci, vol. 3, no. 2, pp. 187-196, May 2022, doi:
10.1016/J.XFSS.2022.01.005.

[299]P. Debnath, R. S. Huirem, P. Dutta, and S. Palchaudhuri, “Epithelial-mesenchymal
transition and its transcription factors,” Bioscience Reports, vol. 42, no. 1. 2022. doi:
10.1042/BSR20211754.

[300]H. L. Ang et al., “Mechanism of epithelial-mesenchymal transition in cancer and its
regulation by natural compounds,” Medicinal Research Reviews, vol. 43, no. 4. 2023.
doi: 10.1002/med.21948.

[301]C.-L. Li et al., “Fibronectin induces epithelial-mesenchymal transition in human breast
cancer MCF-7 cells via activation of calpain.,” Oncol Lett, vol. 13, no. 5, pp. 3889—
3895, May 2017, doi: 10.3892/01.2017.5896.

[302] G. Babaei, S. G. G. Aziz, and N. Z. Z. Jaghi, “EMT, cancer stem cells and autophagy;
The three main axes of metastasis,” Biomedicine and Pharmacotherapy, vol. 133. 2021.
doi: 10.1016/j.biopha.2020.110909.

[303]J. Baulida and A. Garcia de Herreros, “Snaill-driven plasticity of epithelial and
mesenchymal cells sustains cancer malignancy,” Biochimica et Biophysica Acta -
Reviews on Cancer, vol. 1856, no. 1. 2015. doi: 10.1016/j.bbcan.2015.05.005.

[304]S. Kaufhold and B. Bonavida, “Central role of Snaill in the regulation of EMT and
resistance in cancer: A target for therapeutic intervention,” Journal of Experimental and
Clinical Cancer Research, vol. 33, no. 1. 2014. doi: 10.1186/s13046-014-0062-0.

[305]H. Pei, Y. Li, M. Liu, and Y. Chen, “Targeting Twist expression with small molecules,”
Medchemcomm, vol. 8, no. 2, 2017, doi: 10.1039/c6md00561f.

[306]M. Kumar, R. K. Jaiswal, P. K. Yadava, and R. P. Singh, “An assessment of poly
(ADP-ribose) polymerase-1 role in normal and cancer cells,” BioFactors, vol. 46, no. 6.
2020. doi: 10.1002/biof.1688.

129 |Page



E-ISBN: 978-1-68576-521-7

[307] A. Wushou, J. Hou, Y. J. Zhao, and Z. M. Shao, “Twist-1 up-regulation in carcinoma
correlates to poor survival,” Int J Mol Sci, vol. 15, no. 12, 2014, doi:
10.3390/ijms151221621.

[308]E. S. Cho, H. E. Kang, N. H. Kim, and J. I. Yook, “Therapeutic implications of cancer
epithelial-mesenchymal transition (EMT),” Archives of Pharmacal Research, vol. 42,
no. 1. 2019. doi: 10.1007/s12272-018-01108-7.

[309] T. Menju and H. Date, “Lung cancer and epithelial-mesenchymal transition,” General
Thoracic and Cardiovascular Surgery, vol. 69, no. 5. 2021. doi: 10.1007/s11748-021-
01595-4.

[310]M. Zou, X. Yin, X. Zhou, X. Niu, Y. Wang, and M. Su, “Salinomycin-Loaded High-
Density Lipoprotein Exerts Promising Anti-Ovarian Cancer Effects by Inhibiting
Epithelial-Mesenchymal Transition,” Int J Nanomedicine, vol. 17, 2022, doi:
10.2147/1IN.S380598.

[311]Z. Mao, Y. Wu, J. Zhou, and C. Xing, “Salinomycin reduces epithelial-mesenchymal
transition-mediated multidrug resistance by modifying long noncoding RNA HOTTIP
expression in gastric cancer cells,” Anticancer Drugs, vol. 30, no. 9, 2019, doi:
10.1097/CAD.0000000000000786.

[312] B. Du and J. S. Shim, “Targeting epithelial-mesenchymal transition (EMT) to overcome
drug resistance in cancer,” Molecules, vol. 21, no. 7. 2016. doi:
10.3390/molecules21070965.

[313]S. Niland, A. X. Riscanevo, and J. A. Eble, “Matrix metalloproteinases shape the tumor
microenvironment in cancer progression,” International Journal of Molecular Sciences,
vol. 23, no. 1. 2022. doi: 10.3390/ijms23010146.

[314] G. B. Fields, “The rebirth of matrix metalloproteinase inhibitors: Moving beyond the
dogma,” Cells, vol. 8, no. 9. 2019. doi: 10.3390/cells8090984.

[315] X. Yang et al., “Comprehensive multi-omics analysis reveals WEE1 as a synergistic
lethal target with hyperthermia through CDK1 super-activation,” Nat Commun, vol. 15,
no. 1, 2024, doi: 10.1038/s41467-024-46358-w.

[316]P. Raghavan et al., “AZDS5438, an inhibitor of Cdkl, 2, and 9, enhances the
radiosensitivity of non-small cell lung carcinoma cells,” Int J Radiat Oncol Biol Phys,
vol. 84, no. 4, 2012, doi: 10.1016/j.ijrobp.2012.05.035.

[317]K. Kojima, M. Shimanuki, M. Shikami, M. Andreeff, and H. Nakakuma, “Cyclin-
dependent kinase 1 inhibitor RO-3306 enhances p53-mediated Bax activation and
mitochondrial apoptosis in AML,” Cancer Sci, vol. 100, no. 6, 2009, doi:
10.1111/5.1349-7006.2009.01150.x.

[318] G. E. Redland et al., “The Dual Cell Cycle Kinase Inhibitor JNJ-7706621 Reverses
Resistance to CD37-Targeted Radioimmunotherapy in Activated B Cell Like Diffuse
Large B Cell Lymphoma Cell Lines,” Front Oncol, vol. 9, 2019, doi:
10.3389/fonc.2019.01301.

[319] M. R. Kheyrandish, S. M. Mir, and M. Sheikh Arabi, “DNA repair pathways as a novel
therapeutic strategy in esophageal cancer: A review study,” Cancer Reports, vol. 5, no.
11. 2022. doi: 10.1002/cnr2.1716.

[320] B. Cheng, W. Pan, Y. Xing, Y. Xiao, J. Chen, and Z. Xu, “Recent advances in DDR
(DNA damage response) inhibitors for cancer therapy,” European Journal of Medicinal
Chemistry, vol. 230. 2022. doi: 10.1016/j.ejmech.2022.114109.

[321] M. Javle et al., “Olaparib monotherapy for previously treated pancreatic cancer with
DNA damage repair genetic alterations other than germline BRCA variants findings
from 2 phase 2 nonrandomized clinical trials,” JAMA Oncol, vol. 7, no. 5, 2021, doi:
10.1001/jamaoncol.2021.0006.

130|Page



E-ISBN: 978-1-68576-521-7

[322] A. Minchom, C. Aversa, and J. Lopez, “Dancing with the DNA damage response: next-
generation anti-cancer therapeutic strategies,” Therapeutic Advances in Medical
Oncology, vol. 10. 2018. doi: 10.1177/1758835918786658.

[323]S. Arora et al., “FDA Approval Summary: Olaparib Monotherapy or in Combination
with Bevacizumab for the Maintenance Treatment of Patients with Advanced Ovarian
Cancer,” Oncologist, vol. 26, no. 1, 2021, doi: 10.1002/onco.13551.

[324]D. Slade, “PARP and PARG inhibitors in cancer treatment,” Genes and Development,
vol. 34, no. 5. 2020. doi: 10.1101/gad.334516.119.

[325]P. A. Konstantinopoulos et al., “A Phase 2 study of prexasertib (LY2606368) in
platinum resistant or refractory recurrent ovarian cancer,” Gynecol Oncol, vol. 167, no.
2, 2022, doi: 10.1016/j.ygyno.2022.09.0109.

[326]L. A. Byers et al., “A Phase II Trial of Prexasertib (LY2606368) in Patients With
Extensive-Stage Small-Cell Lung Cancer,” Clin Lung Cancer, vol. 22, no. 6, 2021, doi:
10.1016/j.cllc.2021.04.005.

[327][327] C. King et al., “LY2606368 causes replication catastrophe and antitumor
effects through CHK1-dependent mechanisms,” Mol Cancer Ther, vol. 14, no. 9, 2015,
doi: 10.1158/1535-7163.MCT-14-1037.

[328] C. Zhang et al., “PF-00477736 mediates checkpoint kinase 1 signaling pathway and
potentiates docetaxel-induced efficacy in xenografts,” Clinical Cancer Research, vol. 15,
no. 14, 2009, doi: 10.1158/1078-0432.CCR-08-3272.

[329] A. Blasina et al., “Breaching the DNA damage checkpoint via PF-00477736, a novel
small-molecule inhibitor of checkpoint kinase 1,” Mol Cancer Ther, vol. 7, no. 8, 2008,
doi: 10.1158/1535-7163.MCT-07-2391.

[330]L. Carrassa et al., “Combined inhibition of Chkl and Weel: In vitro synergistic effect
translates to tumor growth inhibition in vivo,” Cell Cycle, vol. 11, no. 13, 2012, doi:
10.4161/cc.20899.

[331]Y. Yin et al., “Chkl inhibition potentiates the therapeutic efficacy of PARP inhibitor
BMN673 in gastric cancer,” Am J Cancer Res, vol. 7, no. 3, 2017.

[332] C. G. Engelke et al., “Sensitization of pancreatic cancer to chemoradiation by the Chk1
inhibitor MK8776,” Clinical Cancer Research, vol. 19, no. 16, 2013, doi: 10.1158/1078-
0432.CCR-12-3748.

[333]L. A. Parsels, J. D. Parsels, D. M. Tanska, J. Maybaum, T. S. Lawrence, and M. A.
Morgan, “The contribution of DNA replication stress marked by high-intensity, pan-
nuclear YH2AX staining to chemosensitization by CHK1 and WEEI inhibitors,” Cell
Cycle, vol. 17, no. 9, 2018, doi: 10.1080/15384101.2018.1475827.

[334]P. Gralewska et al., “PARP inhibition increases the reliance on ATR/CHK1 checkpoint
signaling leading to synthetic lethality-an alternative treatment strategy for epithelial
ovarian cancer cells independent from HR effectiveness,” Int J] Mol Sci, vol. 21, no. 24,
2020, doi: 10.3390/ijms21249715.

[335]N. J. H. Warren and A. Eastman, “Inhibition of checkpoint kinase 1 following
gemcitabine-mediated S phase arrest results in CDC7- and CDK2-dependent replication
catastrophe,” Journal of Biological Chemistry, vol. 294, no. 6, 2019, doi:
10.1074/jbc.RA118.005231.

[336]H. E. Barker et al., “CHKI1 inhibition radiosensitizes head and neck cancers to
paclitaxel-based chemoradiotherapy,” Mol Cancer Ther, vol. 15, no. 9, 2016, doi:
10.1158/1535-7163.MCT-15-0998.

[337]R. Patel et al., “An orally bioavailable Chk1 inhibitor, CCT244747, sensitizes bladder
and head and neck cancer cell lines to radiation,” Radiotherapy and Oncology, vol. 122,
no. 3, 2017, doi: 10.1016/j.radonc.2016.12.026.

131|Page



