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ABSTRACT

Every year, cancer is responsible for millions of deaths worldwide and, despite the progress that has been observed
in medicine, there are still many issues that must be addressed in order to improve cancer treatment. For this reason,
oncological research has been focused on finding new and efficient treatments which can relieve crucial side effects caused
by conventional treatments. Different technologies are currently under assessment in clinical trials or have been already
introduced into clinical practice. Cancer treatment has been characterized by the ineffectiveness of treatments and side
effects, but also by hope of complete remission and treatment in many cases. Within the therapeutic choices except the
choice of surgery in the case of solid tumors, antitumor drugs and radiation have been used as the treatment of choice in
some cancer cases. Recently, immunotherapy has become a significant therapeutic alternative, and is now the first choice
in many cases. These therapies can be applied either alone or in combination with other components. The current review
presents the evolution of cancer treatments, giving emphasis to the most common chemotherapeutic agents.
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INTRODUCTION

Cancer is one of the main causes of death worldwide, and
many researches have focused on developing new treatments
to be more efficient and to reduce the side effects caused by
conventional therapies. In general, tumors become highly
heterogeneous, during cancer progression, developing a
mixed population of cells characterized by different molecular
elements and diverse responsivity to treatments. This
heterogeneity is responsible for the development of resistant
phenotypes promoted by a selective pressure upon treatment
management. [NConsequently, a deep understanding of these
complex processes is of vital importance in order to design
precise and efficient treatments. Surgery, chemotherapy, and

radiotherapy are the most common types of cancer treatments
available nowadays. In 1950 monotherapy drugs only resulted
in short responses in some types of cancers 12, where as the
application of poly-chemotherapy in hematopoietic cancer
showed that different agents act against cancer cells in
different phases of their cell cycle (Table 1). Chemotherapy,
in general, is therapeutic in some types of advanced cancer,
such as small cell lungcancer (SCLC), ovarian cancer, etc.!
Although chemotherapy regimens are notal ways therapeutic
for various types of cancer, significant improvement in
progression-free and overall Survival has been recorded.
The advances in modern chemotherapy and in genetics and
molecular biology resulted in the continuing reduction in
death rates. Studies on the genome sequence suggested that

Address for correspondence:

/Fax: 0030-2610-225288
DOI: 10.33309/2639-8230.040203

Nikolaos Andreas Chrysanthakopoulos, Specialized in Clinical Oncology, 35, Zaimi Street, PC 26 223, Patra, Greece. Tel.

© 2022 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.

JoURNAL OF CLINICAL RESEARCH IN ONcoLoGY ¢ VoL 4 ¢ ISSUE 2

« 2022 14



Nikolaos Andreas Chrysanthakopoulos, et al

: Chemotherapeutics used to treat Malignancies

many dysfunctions associated with cancercould be attributed
to the abnormal function of some protein kinases. Targeted
chemotherapy by screening for specific crucial molecular
targets was introduced in 1990. Targeted therapy attacks
against a specific location, such as tumor vascular systemor
intracellular organelles, without affecting the adjacent tissues,
observation that increases to a large extent the treatment
specificity, eliminating its disadvantages.’) The current
pharmacological management focused on developing kinase
inhibitors.[*”) Recently, many specific tumors have been
investigated with various tyrosine kinase inhibitors (TKIs)
and introduced a trend towards combining the conventional
chemotherapy with these new targeted therapies.

Liposomal treatment was the next step in cancer treatment,
that places agents inside liposomes, Vesicles constructed from
lipid bilayers, in an effort to decrease some of the side effects of
chemotherapy such as cardiotoxicity. Nano-medicine provides
conventional chemotherapeutic drugs in vivo, increasing their
bioavailability and concentration around tumor tissues, and
improving their release profile.®] Natural antioxidants and
other phytochemical agents have been recently considered as
anti-cancer adjuvant treatments due to their anti-proliferative
and pro-apoptotic properties. !

The current article reviews a general and essential overview
of the most applied medication used to treat malignancies
focusing on conventional and modern chemotherapeutic
agents and their combination that are indicated for a large
spectrum of malignancy tumors.

Chemotherapeutic Agents Used in the Treatment of
Cancer

Basic anticancer medication is classified into the following
categories: Cytotoxic drugs with different mechanisms of
action, such as Alkylating drugs and their associated agents,
that act by forming covalent bonds with DNA, thereby
inhibiting its replication, Antimetabolites, that inhibit or
alter one or more of the metabolic reactions involved
in DNA synthesis, Cytotoxic antibiotics, agents produced
by microorganisms that prevent cell division in mammals,
Plant derivatives that have a specific action in the formation
of microtubules and therefore in the formation of the mitotic
spindle, Hormones and drugs that suppress the secretion of
hormones or compete with their action, and various agents
that are not included in any of the previous categories and
include drugs that aim at specific targets.!'”(Table 1)

Alkylating agents and related substances

The main action of Alkylating agents occurs during
replication, when certain parts of DNA are in the form
of a single strandand are therefore more susceptible to
alkylation. The effects are presented in the S phase of cell

cycle causing inhibition of the G2 phase, and leading to
apoptosis and cell death.'"'?'The following drugs belong
to this category:Nitrogen mustards!'”, Nitrosoureas!!?,
Alkylsulfonates!”, Triazines!'Y,Ethylenimines.”](Table 1)

Antimetabolites

Antimetabolites affect the growth of cancer cells’ DNA
and RNA and include Folicacid antagonists®'*), Pyrimidine
analogues!'®l, Purine analogues.”(Table 1).

Cytotoxic Antibiotics

These agents have a direct effect on DNA, as affect enzymes
that are responsible for the reproduction of cancer cells. This
category contains Anthracyclines, and other anti-cancer
antibiotics such as actinomycin-D, bleomycin, mithramycin
and mitomycin-C.”'7I(Table 1).

Mitosis Inhibitors Agents

This category contains agents thatare often plant derivatives.
They stop mitosis or inhibit the action of certain enzymes, that
produce proteins necessary for the proliferation of cancer
cells. The agents of this category are shown in Table 1.[2021

Topoisomerase Inhibitors

These agents affect a group of enzymes called topoisomerases
that participate in the overwinding orunderwinding of DNA.
Topoisomerase Inhibitors are presented in Table 1.1°2223

Hormones

Tumors derived from hormone-sensitive cells may be
hormone-dependent. In this case, their development can be
inhibited by hormones with opposite action, by hormone
antagonists, or by drugs that inhibit hormones synthesis and
secretion. Hormones and hormone analogues that have an
inhibitoryeffect on some tissues can be used totreattumors that
originate in these tissues./*?*>*)(Table 1).

Molecularly Targeted Treatment

The main categories of targeted therapy are currently
monoclonal antibodies and small molecules. These agents
target specific genes and proteins that are implicated in cancer
cells survival and development. *?¢?"Monoclonal antibodies
are shown in antibodies (Table 1). Small molecules contain
tyrosine-kinase inhibitors (TKIs). Tyrosine-kinases are
enzymes involved inthe transmission of the signal from the
cell membrane receptors to the cell nucleus.

This category contains molecules that are able to target
EGFR, Janus kinase inhibitors, ALK inhibitors, Bcl-2
inhibitors, PARP inhibitors, PI3K inhibitors, Braf inhibitors,
MEK inhibitors, CDK inhibitors, act asanapoptosis-inducing
proteasome inhibitor, etc.?*33In this category belong agents
presented in Table 1.
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Various Chemotherapeutic Agents
This category includes agents such as Crisantaspase, Mitotane, Amsacrine.**3%(Table 1)

able 1: Chemotherapeutic agents used to treat malignancies

Medication Category Indication(s)
.. TKI (Tyrosine Kinase | Advanced hepatocellular carcinoma, advanced renal cancer, certain
Lenvatinib o .
Inhibitor) types of thyroid cancer

Neratinib TKI Early stage breast cancer

Nilotinib TKI Chronic myeloid leukemia

Nintedanib TKI Lung adenocarcinoma, recurrence or metastatic

Niraparib PARP inhibitor Some types of ovarian cancer, peritoneal cancer

Nivolumab Monoclonal antibody Different types of cancer

Obinutuzumab Monoclonal antibody Chronic lymphocytic leukemia, follicular lymphoma

Olaparib PARP inhibitor Ovarian, metastatic breast cancer

Palbociclib CDK 4 and CDK6 Advanced or metastatic, and locally advanced breast cancer

inhibitor

Panitumumab Monoclonal antibody Advanced colorectal cancer

Pazopanib TKI Advanced renal cell cancer, some types of advanced soft tissue
sarcomas

Pembrolizumab Monoclonal antibody NSCLC, skin melanoma, breast cancer, stomach, cervical cancer,
Hodgkin lymphoma

Pemigatinib TKI Cholangiocarcinoma, bile duct cancer, relapsed or metastatic

Pertuzumab Monoclonal antibody Breast cancer (neoadjuvant treatment, adjuvant treatment, secondary
breast cancer, recurrent)

Ponatinib TKI Chronic myeloid leukemia, acute lymphoblastic leukemia

Regorafenib Multi-KI Advance.d gastro intestinal stromal cancer (GIST), advanced HCC,
metastatic colorectal cancer

S Cyclin D1/CDK4 and .

Ribociclib CDK6-inhibitor Locally advanced, advanced or metastatic breast cancer

Rituximab Monoclonal antibody Chronic lymphocytic leukemia, some types of non-Hodgkin lymphoma

Rucaparib PARP inhibitor Relgpsed high-grade epithelial ovarian, fallopian tube, or primary
peritoneal cancer

Ruxolitinib Janus kinase inhibitor | Myelofibrosis, polycythaemiavera
Advanced renal cell carcinoma, advanced primary HCC, FLT3-ITD

Sorafenib Multi-KI positive AML and radioactive iodine resistant advanced thyroid
carcinoma

Sunitinib Multi-KI Advancgd renal cancer, gastrointestinal stromal tumor (GIST),
pancreatic neuroendocrine tumors

Temsirolimus mTOR inhibitor Advanced renal cancer

Trastuzumab Monoclonal antibody Early and adyanged breast cancer, advanced stomach cancer and gastro
oesophageal junction cancer

Tivozanib TKI Relapsed or refractory advanced renal cell carcinoma

Vandetanib TKI Advanced medullary thyroid cancer
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Vemurafenib B-Raf enzyme inhibitor | Skin melanoma, unresectable and advanced

Venetoclax BCL-2 inhibitors Chron%c lymphqcytlc leukemia, small lymphocytic lymphoma , acute
myeloid leukemia

Melphalan Alkylating agent Multiple myeloma, ovarian cancer, melanoma
Chronic myeloid leukemia, myelodysplastic syndromes (MDS),other

Busulfan Alkylating agent types of cancer that need treatment with a stem cell or bone marrow
transplant

Chlorambucil Alkylating agent Chronic lymphocytic leukemia, Hodgkin lymphoma, Non-Hodgkin
lymphoma

Cyclophosphamide Alkylating agent Lymphoma, multiple myeloma, leukemia, ovarian cancer, breast cancer,
small cell lung cancer, neuroblastoma, and sarcoma

Bendamustine Alkylating agent Chronic lymphocytic leukemia, Multiple myeloma, Non-Hodgkin
lymphoma

Carmustine Alkvlatine acent Glioma, glioblastomamultiforme, medulloblastoma and astrocytoma),

ylalng ag multiple myeloma, and lymphoma (Hodgkin’s and non-Hodgkin)

Various types of cancers, including sarcomas, small cell lung cancer,

Cisplatin Alkylating agent squamous cell carcinoma of the head and neck and ovarian cancer,
lymphomas, bladder cancer, cervical cancer, and germ cell tumors

Lomustine Alkylating agent Brain tumors, Hodgkin lymphoma
Testicular cancer, breast cancer, lymphoma (Hodgkin and non-

Ifosfamide Alkylating agent Hodgkin), soft tissue sarcoma, osteosarcoma or bone tumor, lung
cancer, cervical cancer, ovarian cancer

Procarbazine Alkylating agent Hodgkin’s lymphoma and brain cancers

Streptozocin Alkylating agent Metastatic cancer of the pancreatic islet cells

Temozolomide Alkylating agent Glioblastoma multiforme (GBM), anaplasticastrocytoma

Thiotepa Alkylating agent Hodgkin’s disease, leukemia

Trabectedin Alkylating agent Advanced soft-tissue sarcoma, ovarian cancer

Treosulfan Alkylating agent Ovarian cancer, other types of cancer

Capecitabine Anti metabolite Breast cancer, gastric cancer,colorectal cancer

Cladribine Anti metabolite Hairy cell leukemia, B-cell chronic lymphocytic leukemia

Clofarabine Anti metabolite Relapsed or refractory acute lymphoblastic leukemia

Fludarabine Anti metabolite Chron%c lympho.cytlc leukemia, non.—Hodgkln.s lymphoma, acute
myeloid leukemia, acute lymphocytic leukemia

Cytarabine Anti metabolite Acute myeloid leukemia, acute lymphocytic leukemia, chronic
myelogenous leukemia, and non-Hodgkin’s lymphoma

Fluorouracil Anti metabolite Colorectal cancer, oesophageal cancer, stomach cancer, pancreatic
cancer, breast cancer, cervical cancer

Gemcitabine Anti metabolite Testicular cancer, breast cancer, ovarian cancer, non-small cell lung
cancer, pancreatic cancer, and bladder cancer

Hydroxycarbamide Anti metabolite Chronic myeloid leukemia, policythaemiavera, essential
thrombocythemia, acute myeloid leukemia, cervical cancer

Methotrexate Anti metabolite Breast cancer, leukemia, lung cancer, lymphoma, gestatio-nal
trophoblastic disease, and osteosarcoma

Mercaptopurine Anti metabolite Acute lymphocytic leukemia, chronic myeloid leukemia

Nelarabine Anti metabolite T-cell acute lymphoblastic leukemia, T-cell lymphoblastic lymphoma
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Pemetrexed Anti metabolite Pleural mesothelioma, NSCLC

Pentostatin Anti metabolite Hairy cell leukemia, relapsed chronic lymphocytic leukemia
Raltitrexed Anti metabolite Colorectal cancer, malignant mesothelioma

Tioguanine Anti metabolite Acute myeloid leukemia, acute lymphocytic leukemia, chronic myeloid

leukemia

Liposomal doxorubicin | Anthracycline Kaposi’s sarcoma, breast cancer, ovarian cancer, other solid tumors

Daunorubicin Anthracycline Acute myeloid leukemia, acute lymphoblastic leukemia, chronic
myeloid leukemia, Kaposi’s sarcoma

Epirubicin Anthracycline Breast, different types of cancer

Idarubicin Anthracycline Acute lymphoblastic leukemia, chronic myeloid leukemia

Triptorelin Hormone therapy (HT) | Prostate cancer, locally advanced, metastatic

Anastrozole, Exeme-
stane, Fulvestrant,
Letrozole, Tamoxifen

HT

Breast cancer

Abiraterone, Bicalu- | HT Prostate cancer

tamide, Buserelin,

Cyproterone, Degare-

lix, Flutamide, Enza-

lutamide

Goserelin, Leuprorelin | HT Breast cancer, prostate cancer

Lanreotide HT Carcinoid syndrome, VIPomas

Megestrol acetate HT Breast cancer, endometrial cancer

Octreotide HT Carcinoid syndrome and advanced neuroendocrine tumors (NETs)

Raloxifene HT Reduce the risk of breast cancer

Docetaxel Taxane Breast cancer, head and neck cancer, stomach cancer, prostate cancer,
NSCLC

Cabazitaxel Taxane Advanced prostate cancer

Paclitaxel Taxane Ovarian cancer, esophageal cancer, breast cancer, lung cancer, Kaposi’s
sarcoma, cervical cancer, pancreatic cancer

Amsacrine Topoisomerase Acute lymphoblastic leukemia

inhibitor (TT)

Irinotecan TI Colon cancer, SCLC

Mitoxantrone TI Acute myeloid leukemia, children suffering from acute lymphoblastic
leukemia relapse

Topotecan TI Ovarian , lung cancer, cervical cancer and other cancer types

Vindesine Vinca alkaloids Leukemia, lymphoma, melanoma, breast cancer, lung cancer

Vinblastine Vinca alkaloids Hodgkin’s lymphoma, non-small cell lung cancer, bladder cancer, brain
cancer, melanoma, testicular cancer

Vinorelbine Vinca alkaloids NSCLC, metastatic breast cancer and rhabdomyosarcoma

Eribulin Non-taxane microtubule | Breast cancer, Leiomyosarcoma, liposarcoma

dynamics inhibitor
Azacitidine Hypomethylating agent | Myelodysplastic syndrome, acute myeloid leukemia, chronic myelo-
monocytic leukemia
Dactinomycin Anti-cancer antibiotic Wilms tumor, rhabdomyosarcoma, Ewing’s sarcoma, trophoblastic

neoplasm, testicular cancer, certain types of ovarian cancer
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Asparaginase Enzyme Acute lymphoblastic leukemia
Bexarotene Retinoid Advanced skin lymphomas called cutaneous T cell lymphomas
Bleomycin Anti-cancer antibiotic | Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, testicular cancer,
ovarian cancer, cervical cancer
Oxaliplatin Alkylating agent Colorectal cancer
Aldesleukin Immunotherapy Melanoma, renal cell cancer
Imiquimod cream Superficial basal cell carcinoma
Lenalidomide Immunomodulatory Multiple myeloma, myelodysplastic syndromes
agent
Interferon alpha Immunotherapy Metastaticrenal cell carcinoma, melanoma, non-Hodgkin lymphoma,
some types of leukemia
Olaparib PARP blocker Ovarian, breast, prostate cancer
Mitotane Steroidogenesis inhibi- | Adrenocortical carcinoma
tor
Mitomycin C Anti-cancer antibiotic | Esophageal carcinoma, anal cancers, breast cancers
Talimogene laher- Immunotherapy Skin melanoma
parepvec
Arsenic trioxide Natural product Acute promyelocytic leukemia
Zoledronic acid Bisphosphonate Breast cancer and bone metastases

CONCLUSION

It is clear that medication used to treat cancer is constantly
evolving. The last decades there has been an increase in
thenumber of therapies and drugs available for the treatment
of all solid and hematological tumors that have contributed to
the significant reduction in cancer mortality rates. Moreover,
thanks to the primary and secondary prevention policies the
reduction of incidence rates was recorded for many malignancy
tumors, particularly for those of predominantly environmental
etiology. Progress must also be focused on reducing the
side effects of new medication established.
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