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Timeline of cancer treatments

(Falzone et al., 2018)



Cancer treatment Side effects

• Surgery • Bleeding, blood clots, damage to nearby tissuse, 

pain, and infection

• Radiation therapy • Fatigue, skin irritation, fever/chills, and mild-faint

• Chemotherapy • Damage in many organ cells like the bladder, 

heart, kidneys, lungs, and nervous system, as well 

as hair follicles

• Targeted cancer therapy • Skin problems, intense itching, allergies in the 

skin, trouble breathing, and dizziness.



Past 5 years, 57 newly launched oncology therapeutics received 
approval, with some drugs treating multiple tumor types



The late-stage oncology pipeline included 849 molecules in 2018, up 77% since 2008, due to 
the increasing number of targeted therapies



What is targeted therapy?

 Targeted therapy is a cancer treatment that uses 

drugs to target specific proteins that control how 

cancer cells grow, divide, and spread. 

 According to the National Cancer Institute :
 Targeted therapy is “a type of treatment that use 

drugs or other substances, such as monoclonal 

antibodies, to identify and attack specific cancer 

cells without harming normal cells”.

Molecular and clinical profiling of 

patient and disease
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Targeted therapy profile

Most targeted therapies are either 
small-molecule drugs or monoclonal antibodies.



There are two main types of targeted therapy:

1) Monoclonal antibodies: 

 Target specific antigens outside a cell such 

as receptors or extracellular growth factors

 These drugs block a specific target on the 

outside of cancer cells. 

 They can also send toxic substances 

directly to cancer cells.

 Some are conjugated to radio-isotopes or 

toxins

Are there different types of targeted therapy?

2) Small-molecule drugs:

 Interact with targets inside a cell

These drugs aim to block the process that 

helps cancer cells multiply and spread.

They are usually designed to interfere with 

enzymatic activity of the target protein



Major differences between monoclonal 

antibodies and small molecules

Monoclonal antibodies Small molecules

• Size • ~150,000 daltons • ~400 daltons

• Administration • Intravenous • Oral or parenteral

• Target availability • Extracellular • Intracellular

• Cost • $4,200/month (trastuzumab) • $1,800/month (gefitinib)

• Toxicity • Low toxicity • Mid-high toxicity

• Half-life • Days-weeks • <72 h

• Mechanisms of 

action

• Disrupt ligand-receptor or 

receptor-receptor interactions

• Receptor downregulation

• Induction of apoptosis

• Bind to target kinase(s)

• Inhibit phosphorylation and 

downstream signaling pathways

• Induce apoptosis



Generic naming formula

Name = prefix + substem (s) + stem

variable

-mab     monoclonal antibody

-ib         small molecule with 

inhibitory properties

Monoclonal antibodies

Target                                                                   Source

-ci(r)- circulatory system                        -ximab        chimeric human-mouse

-li(m)- immune system                            -zumab        humanized mouse

-t(u)- tumor                                            -mumab      fully human

Small molecules

-tinib        tyrosine kinase inhibitor

-zomib     proteasome inhibitor

-ciclib      cyclin-dependent kinase inhibitor

-parib       poly ADP-ribose polymerase inhibitor



 Some targeted therapy used in squamous cell 

cancers include cetuximab, imgatuzumab, 

matuzumab, erlotinib, modotuximab, and 

bevacizumab.

 Drugs that block the action of enzymes, 

proteins or other molecules that cause disease

 Interfere with specific molecules involved 

in tumor growth and progression 

Target key cells and mediators that drive 

inflammatory responses 



Angiogenesis inhibitors

• These drugs are designed to reduce the blood supply to a tumour to slow or stop 

it growing. 

• They target various receptors or proteins linked with the growth of cancer cells 

and stop them from working. 

• For example, bevacizumab targets vascular endothelial growth factor 

(VEGF), a protein that helps new blood vessels form.

HER2-targeted agents

• HER2 is a protein that causes cancer cells to grow uncontrollably. 

• Some targeted therapy drugs destroy the HER2 positive cancer cells, or reduce 

their ability to divide and grow. 

• Examples include trastuzumab and pertuzumab, which are used to treat HER2 

positive breast cancer.

Anti-CD20 monoclonal 

antibodies

• These drugs target a protein called CD20 found on some B-cell leukaemias and 

non-Hodgkin lymphomas. 

• Examples include rituximab and obinutuzumab.

Monoclonal antibodies can be classified as either a targeted therapy or 

immunotherapy, depending on the type of monoclonal antibody. Examples of targeted 

therapy monoclonal antibodies include:



Mechanism of action of monoclonal antibody

(Suzuki et al., 2015)



Angiogenesis inhibitors

(Kanat and Ertas, 2019) 

 Anti-angiogenic treatment is an essential part of 

the current armamentarium against metastatic 

colorectal cancer (mCRC).

 Bevacizumab is a murine-derived monoclonal 

antibody (muMAb A4.6.1) that inhibits 

angiogenesis by targeting the vascular endothelial 

growth factor (VEGF)-A.



A simplifed version of possible effects on tumor cells and surrounding endothelial cells when both EGFR and VEGF/VEGFR 

inhibitors are combined to interfere with the cross-communication occurring between the tumor and expanding tumor endothelium. 

Extracellular biological response modifiers (monoclonal antibodies) targeted to the EGFR and the VEGF/VEGFR and intracellular

biological response modifiers (tyrosine kinase inhibitors) targeted to the EGFR and/or the VEGFR on surrounding endothelium. 

Combinations of EGFR and VEGF/VEGFR inhibitors may optimize interference with cancer cell growth over either agent alone. 

(Raben et al., 2004) 



(Raben et al., 2004) 

The EGFR family of receptors consists of four family members. The major ligands binding to this family of receptors 

are EGF and tumor growth factor– (TGF- ). Ligand binding activates multiple signaling pathways, resulting in increased 

cancer cell survival. 



HER2-targeted agents

(Patel et al., 2020)

• The HER superfamily consists of four 

tyrosine kinase receptors: HER1 

(epidermal growth factor receptor), 

HER2 (neu, c-erbB2), HER3 and HER4.

• The HER2, or epidermal growth factor 

receptor 2, is the target for many HER2-

directed therapies.

• Trastuzumab (Herceptin) was first 

approved in 1998 as the first anti-HER2 

directed therapy in metastatic HER2+ 

invasive breast cancer.



Tyrosine kinase inhibitors (TKIs)

• These drugs block a group of enzymes called tyrosine kinases from 

sending signals that tell cancer cells to grow, multiply and spread. 

• Without this signal, the cancer cells die. 

• Examples of TKIs include erlotinib, sunitinib, lapatinib and 

ibrutinib.

Mammalian target of rapamycin 

(mTOR) inhibitors

• These drugs block mTOR, an enzyme that tells cancer cells to grow 

and spread. 

• Everolimus is an mTOR inhibitor approved for use for some types of 

kidney cancer.

PARP inhibitors

• These drugs stop the protein known as PARP from repairing damaged 

DNA in cancer cells. 

• Olaparib is a PARP inhibitor approved for use in some 

ovarian, fallopian tube and peritoneal cancers.

Small molecule inhibitors can get inside cancer cells and block certain enzymes and 

proteins that tell cancer cells to grow. Examples of small molecule inhibitors include:



Summarized known small molecule inhibitors as targeted therapy

(Lavanya et al., 2014)







Limitations of targeted cancer therapy

• Cancer cells can develop 

resistance to the action of the 

therapy. 

• Drugs are difficult to develop 

because of the target’s structure 

and/or the way its function is 

regulated in the cell.

Mechanisms of resistance to targeted therapies







Heterogeneity
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Therapeutic opportunities of combining targeted therapy and anti-
CSC therapy
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Introduction

• Renieramycin T is the renieramycin–ecteinascidin hybrids in the 

tetrahydroisoquinoline alkaloid family. 
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Introduction
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• Aromatic ring and cyanide 

have an ability to bind with 

positive charge amino acids 

that are component of MAPK 

docking motif in Mcl-1 

sequence.

bind

MAPK docking site

Mcl-1 inhibitors



Introduction

• RT was used as a lead compound to synthesize some of RT analogs or simplified 

right-half model compounds for SAR study.
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(* 0.01≤p<0.05, ** p<0.01, compared with untreated control) 

• Only TM-(–)-18 and TM-(–)-4a →↓Mcl-1 in 

NSCLC (H460) cells

• The cytotoxic action of TM-(–)-18 and TM-(–)-

4a depended on their Mcl-1-targeting activity.

Western blot analysis
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Molecular docking

Mcl-1 structure 

from homology 
modelling
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Molecular docking ↑Binding affinity of the compound →↓Docking energy

Both cyanide and benzene ring were found to be a necessary 
for the induction of Mcl-1 destabilization 
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Mcl-1 targeting activity
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Cyanide and benzene ring could be important for Mcl-1 suppression
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