
Cancer Therapies

From Standard of Care
to Targeted Therapies



Standard of Care

• Surgical Resection
• Remove the tumor surgically

• Chemotherapy 
• Chemical agents which kill rapidly dividing cells

• Radiation Therapy
• Beams of intense energy which can kill cancer cells 

(x-rays, protons)



Chemotherapy

• World War II: observed that nitrogen mustard 
caused suppression of lymphoid and myeloid cells.

• Later discovered that nitrogen alkylates DNA
• 1950s: cancer cells divide at a higher rate than 

healthy cells
• Led to the development of a new class of chemical 

drugs that interfere with mitosis → more toxic to 
rapidly dividing cells

• Chemotherapeutics → weaken the patient’s 
immune system (immune cells are rapidly dividing).  



Classes of Chemotherapy Agents

Ex: Cyclophosphamide

Ex: Methotrexate, 5-fluorouracil

Plant-deived anti-microtubule agents

Ex: docetaxel, vincristine

Topoisomerase inhibitors

Ex: Adriamycin

Ex: Trastuzumab 

(Herceptin)
Ex: Tamoxifen

http://pharmaextremes.blogspot.com/2010_10_05_archive.html
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Cancer Treatment:
Paul Ehrlich’s Magic Bullet Concept

• A magic bullet = a drug that is specific for its 
intended cell structural target

• Root = Ehrlich’s studies of cellular stains, which 
bind to specific cellular structures.  

• Bridged the fields of chemistry, biology and 
medicine

• In 1908 Ehrlich received the Nobel Prize for 
Physiology or Medicine for his work.



Better Targeted Therapies

• 1970s and 1980s: oncogenes and tumor 
suppressor genes were discovered.

• Understanding of the signal pathways involved 
in the function of these genes led to the 
discovery of:
• Small molecule inhibitors of specific mutations 

involved in the development of cancer.
• Example – Imatinib (Gleevec) - Inhibits BCR-ABL

• Antibody (large protein) inhibitors of specific 
growth factors involved in the development of 
cancer.
• Example – Trastuzumab (Herceptin) – Inhibits 

HER2



Patients in this Curriculum:
Breast Cancer Drivers and Current Treatments

• BRCA1 Mutation →Chemotherapy

• HER2 Amplification → Herceptin (Antibody)

• Over-Expression of Estrogen Receptor → 
Tamoxifen (Small Molecule)



HER2 Positive Tumors (HER2+)

• Human Epidermal growth factor Receptor (HER)2 is found in 
normal breast tissue

• Sometimes the gene overexpresses or duplicates

→ more HER2 protein →more cell growth

• 15-20% of breast cancers are HER2 +

Characteristics of Breast Tumors:
Growth Factor Receptors



Blocking Growth Factor Receptors

2005: 12% increase in disease-free survival and 33% reduction in 
risk of death

Image Source: Burstein, 2005.  NEJM.



HER2 & Trastuzumab (Herceptin)

• 1980s: Monoclonal antibody technology developed 
• Example – Trastuzumab (Herceptin)
• Inhibits HER2 (Human Epidermal growth factor receptor)

Trialx.com

https://www.youtube.com/watch?v=66z6BmeA00I

https://www.youtube.com/watch?v=66z6BmeA00I


HER2 & Trastuzumab Emtansine (Kadcyla)

www.discoverymedicine.com



HER2 & Trastuzumab Emtansine

www.clincancerres.aacrjournals.org



Characteristics of Breast Tumors:
Hormone Receptors

14th Century, breast cancer is known as “nuns’ disease”

Hormone Receptor-Positive Tumors (ER+ / PR+)
• Normal breast tissue responds to the hormones via Estrogen 

Receptor (ER) & Progesterone Receptor (PR) → growth signal

• Cancerous cells make more ER & PR, and grow more
• About 75% of breast cancers are hormone-receptor positive



Blocking ER Receptors

1998 Meta-analysis of clinical trials: 
reduced mortality 12-26%

Left, top: PDB ID 1hcq. bottom: PDB ID1a52 

Right, top: PDB ID 1qku. bottom: PDB ID 3ert

http://www.rcsb.org/pdb/101/motm.do?momID=45



Treatment of Cancers with BRCA1 Mutations 
Talazoparib and Olaparib - PARP Inhibitors

PARP inhibitors block PARP enzymatic 
activity and the subsequent 
recruitment of DNA repair proteins

PARP inhibitors cause formation of PARP-
DNA complexes, trapping PARP on the 
DNA, which interferes with damage repair 
and leads to cell death 

https://www.pfizerpro.com/product/talzenna/hcp/mechanism-action

The enzyme poly ADP ribose polymerase (PARP) is involved in 
DNA damage repair.  

https://www.pfizerpro.com/product/talzenna/hcp/mechanism-action
https://www.pfizerpro.com/product/talzenna/hcp/mechanism-action
https://www.pfizerpro.com/product/talzenna/hcp/mechanism-action


PARP Inhibitor
Mechanism of Action

Iglehart et al (2009) NEJM 361:189-191



Cancer Immunotherapy

• Refers to a diverse set of therapeutic strategies to 
induce the patient's own immune system to fight the 
tumor

• Examples:
• Monoclonal Antibodies: Stimulate immune cells to attack 

cancer cells
• Therapeutic Vaccines: Injection of proteins and/or cells to 

stimulate the immune system to attack cancer cells
• Adoptive Cell Transfer : Include engineered T cells (CAR-T)

• These “personalized” treatments program a patient's 
own immune system and must be prepared 
specifically for each patient.



Monoclonal Antibody-Mediated 
Immunotherapy

Antibodies attract killer cells.  Ex: Rituxan (anti-CD20) for treatment of non-Hodgkin lymphoma.
Aegiscreative.com

https://www.youtube.com/watch?v=UtNeImBmQCM

https://www.youtube.com/watch?v=UtNeImBmQCM


Therapeutic Cancer Vaccine:
Provenge

Aegiscreative.com

http://www.provenge.com/how-provenge-works.aspx

http://www.provenge.com/how-provenge-works.aspx
http://www.provenge.com/how-provenge-works.aspx
http://www.provenge.com/how-provenge-works.aspx
http://www.provenge.com/how-provenge-works.aspx
http://www.provenge.com/how-provenge-works.aspx


Chimeric Antigen Receptor T Cells
(CAR-T Cells)

Science (2018) 359: 1361-1365

Antibody variable region –
Specific for a tumor target protein



The Future of Cancer Therapeutics:
Combination Therapy

Combination therapy aims to treat patients with 
drugs to multiple cancer targets and decrease 
the likelihood that a cancer will become 
resistant to treatment.



Cancer Drug Targets

Hanahan and Weinberg, Cell (2011) 144:646-674



Extra slides



Gene Groups Which Can Cause Liver 
Cancer When Mutated

www.nature.com



Potential Cancer Targets

Nucleus

Cell
Protein

DNA mRNA

Growth Factor Receptor
(EGRF, HER2 etc)

Signal transducing protein
Enzyme – kinase, GTPase

Cell cycle regulation
Cyclin, CDK



Other Examples of 
Small Molecule Inhibitors &

Antibody Inhibitors



BCR-ABL:
Imatinib (Gleevec)

www.khanacademy.org

Gallery4share.com

https://www.youtube.com/watch?v=7ZMVQ1Vbb7Y

95% of people with Chronic Myelogenous Leukemia 
(CML) have this translocation.  

https://www.youtube.com/watch?v=7ZMVQ1Vbb7Y


EGFR:
Panitumumab (Vectibix) & Cetuximab (Erbitux)

• 1980s: Monoclonal 
antibody technology can 
block specific growth 
factor receptors.

• Examples: Panitumumab 
(Vectibix) & Cetuximab 
(Erbitux)

• Inhibit EGFR

Blogs.shu.eduhttps://www.youtube.com/watch?v=HClJ-tiZx1M

https://www.youtube.com/watch?v=HClJ-tiZx1M
https://www.youtube.com/watch?v=HClJ-tiZx1M
https://www.youtube.com/watch?v=HClJ-tiZx1M
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