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 CHEMOTHERAPY V:  TARGETED THERAPIES OF CANCER 
MISCELLANEOUS AGENTS 

 
TARGETED THERAPIES OF CANCER 

 
Targeted cancer therapy:   
 
The term "targeted therapy" refers to a new generation of cancer drugs designed to 
interfere with a specific molecular target (typically a protein) that is believed to have a 
critical role in tumor growth or progression. The identification of appropriate targets is 
based on a detailed understanding of the molecular changes underlying cancer. This 
approach contrasts with the conventional, more empirical approach used to develop 
cytotoxic chemotherapeutics -- the mainstay of cancer drug development in past decades.  
(Charles Sawyers Nature 2004 432:294). 
 
The main target is a tyrosine kinase.  Pharmacologic inhibition of a tyrosine kinase can be 
achieved by (1) small molecule inhibition of the catalytic activity of the kinase or (2) antibodies 
against the receptor tyrosine kinases or a ligand of the receptor tyrosine kinase.  Some drugs 
inhibit a specific tyrosine kinase while others may target multiple tyrosine kinases.   
 
Genomics has the potential to identify critical signaling pathways in a cancer.  In turn 
pharmacologic strategies can be developed to inhibit the pathways (personalized medicine). 
 
The traditional method of drug development may not be applicable to tyrosine kinase inhibitors.  
The toxicities can be low and the therapeutic responses may be limited to a small group of 
patients.  Patients participating in these projects should be selected based on the identification of 
a particular activating pathway. 
 

a)  Imatinib mesylate 
 

a)  Name, class:  Imatinib mesylate (tyrosine kinase inhibitor) 
b)  Cycle specificity:  N/A 
c)  Macromolecular target:  Bcr-Abl fusion protein;  c-kit  
d)  Bioactivation if necessary:  N/A 
e)  Mechanism of action (cytotoxicity):   Inhibits critical signaling pathways in the cancer cell 
that are constitutively active. 
f)  Pharmacokinetics and metabolism:   Metabolized in the liver by the CYP3A4 system and 
excreted into the feces by the hepatobiliary system. 
g)  Side effects (toxicity):  Superficial edema, nausea, muscle cramps, abdominal pain, 
musculoskeletal pain, rash, diarrhea, anemia, neutropenia, thrombocytopenia.  Rarely, congestive 
heart failure. 
h)   Special features and dose modifications:  Drug is given orally. 
 
(1)  Monitor thyroid function (TSH levels) in hypothyroid patients who are taking thyroid 
replacement therapy.  Imatinib may increase the clearance of thyroid hormone and the dose of 
thyroid medication may have to be increased. 
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(2)  Metabolized by CYP3A4 system.  Avoid coadministration with inducers (St. John’s Wort) 
and inhibitors of the pathway-other drugs and grapefruit juice 
 
i) Uses:  Chronic myelogenous leukemia;  Gastrointestinal stromal tumor. 
j)  Other compounds in this class:  Dasatinib and nilotinib (useful in imatinib resistant disease) 

 
     b)  Cetuximab 

 
a)  Name, class:  Cetuximab, epidermal growth factor receptor (EGFR) inhibitor 
b)  Cycle specificity:  N/A 
c)  Macromolecular target:  EGFR 
d)  Bioactivation if necessary:  N/A 
e)  Mechanism of action (cytotoxicity):   Overexpression of EGFR receptors leads to increased 
signaling and affects cell growth and division and metastases and invasion.  Also can sensitize 
cell to effect of chemotherapy and can be used as a radiation therapy sensitizer. 
f)  Pharmacokinetics and metabolism:   N/A 
g)  Side effects (toxicity):  Hypersensitivity reactions;  rash; diarrhea, hypomagnesemia 
h) Special features and dose modifications:  Drug is a chimeric monoclonal antibody 
administered inravenously weekly or every other week usually in combination with 
chemotherapy. 
i)   Uses:   
 
(1) Lung cancer and head and neck cancer (patients not selected on basis of EGFR expression) 
 
(2)  Colo-rectal cancer (metastatic);  perform k-ras mutational analysis on rumor.  If k-ras is 
wildtype patient may respond to cetuximab;  If k-ras is mutated, patient will not respond to 
cetuximab.  
j)  Other compounds in this class:  Panitumumab (fully humanized monoclonal antibody) 

 
c) erlotinib 
 

a)  Name, class:  erlotinib, small molecule inhibitor of the tyrosine kinase domain associated 
with EGFR 
b)  Cycle specificity:  N/A 
c)  Macromolecular target:  Tyrosine kinase domain  associated with EGFR  
d)  Bioactivation if necessary:  N/A 
e)  Mechanism of action (cytotoxicity):   Inhibition of critical cell signaling pathways. 
f)  Pharmacokinetics and metabolism:   Metabolized by CYP3A4.  Avoid coadministration 
with inducers (St. John’s Wort) and inhibitors of the pathway-other drugs and grapefruit juice. 
 
g)  Side effects (toxicity):  Rash, nausea, anorexia and fatigue.   
h)   Special features and dose modifications:  Oral administration 
 
(1)  Metabolized by CYP3A4.  Avoid coadministration with inducers (St. John’s Wort) and 
inhibitors of the pathway-other drugs and grapefruit juice. 
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(2)  Patients with non-small cell lung cancer should have mutational analysis done on the tumor.  
There are activating mutations observed.  If the patient has an activating mutation, the treatment 
of choice in a patient with metastatic disease is erlotinib and is superior to chemotherapy.   
i)   Uses:  Lung cancer, head and neck cancer, pancreas cancer (in combination with 
gemcitabine) 
j)  Other compounds in this class:  None commercially available. 
 

 
d) bevacizumab 

 
a)  Name, class:  bevacizumab,  inhibitor of vascular endothelial growth factor (VEGF) 
b)  Cycle specificity:  N/A 
c)  Macromolecular target:  vascular endothelial growth factor ligand 
d)  Bioactivation if necessary:  N/A 
e)  Mechanism of action (cytotoxicity):   The monoclonal antibody binds to VEGF ligand and 
presumably decreases the growth of primary cancers and metastatic cancers due to impaired 
vasculature formation in the tumor. 
f)  Pharmacokinetics and metabolism:   N/A 
g)  Side effects (toxicity):  Infusion reactions, proteinuria, hypertension, arterial clots, bleeding, 
perforation of the colon, reversible posterior leukoencephalopathy syndrome is rare (seizures, 
headache, mental status changes, visual changes and findings on MR of the brain) 
h) Special features and dose modifications:  Intravenous administration. 
i)  Uses:  Lung cancer and metastatic colorectal cancer.  
j)  Other compounds in this class:  Sorafenib, pazopanib, and sunitinib are small molecule 
inhibitors of vegf receptor tyrosine kinases.  These drugs are available orally.  Side effects 
include rash, hand-foot syndrome.  They can cause hypertension, reversible posterior 
leukoencephalopathy syndrome, and perforation of the gastrointestinal tract.  Congestive heart 
failure has been reported. 
 
All three drugs are useful in renal cell cancer (clear cell variety).  Sorafenib has efficacy in 
hepatocellular cancer.  Sunitinib has utility in the treatment of pancreatic neuroendocrine cancer 
and GI stromal tumors. 
 
The small molecule VEGF receptor tyrosine kinase inhibitors are all metabolized by the 
CYP3A4 system. 

 
e) trastuzumab 

 
a)  Name, class:  Trastuzumab, monoclonal antibody. 
b)  Cycle specificity:  N/A 
c)  Macromolecular target:  Extracellular domain of epidermal growth factor receptor,  
her-2/neu  
d)  Bioactivation if necessary:  N/A 



Pharmacology & Therapeutics                                                   Chemotherapy V:   Targeted Therapies of Cancer & 
                                                                                                                                           Miscellaneous Agents 
April 25, 2013  Kenneth C. Micetich, M.D. 
 
e)  Mechanism of action (cytotoxicity):   Trastuzumab binds to the extracellular domain of the 
epidermal growth factor receptor and decreases signaling pathways. 
f)  Pharmacokinetics and metabolism:   N/A 
g)  Side effects (toxicity):   
 
(1)  The most common side effects associated with traztusumab were fever, nausea, vomiting, 
infusion reactions, diarrhea, cough, headache, fatigue, shortness of breath, back pain, rash, and 
muscle pain.  Allergic reactions have also been reported. 
(2)  Heart failure [The risk of heart problems was higher in people who received both 
trastuzumab and doxorubicin].  Patients receiving trastuzumab should be evaluated before and 
frequently monitored throughout treatment for any ddecline in the cardiac ejection fraction.  rop 
in heart function. Patients with pre-existing heart problems should be monitored more frequently. 
The heart failure seen with trastuzumab differs from that observed with the anthracyclines:  it is 
usually manifested as an asymptomatic decline in the ejection fraction, and is not cumulative.   
Overt congestive heart failure is rare.  The decline in the ejection fraction is reversible and the 
patient can be rechallenged with the drug. 
 
h) Special features and dose modifications:  Drug is a monoclonal antibody administered 
intravenously weekly.   
i)   Uses:  Breast cancer in combination with chemotherapy when the breast cancer 
overexpresses Her-2/neu.  Stomach and gastroesophageal junction cancer in combination with 
chemotherapy when the cancer overexpresses Her-2/neu. 
j)  Other compounds in this class:  lapatinib (small molecule tyrosine kinase inhibitor of her-2 
family;  pertuzumab (monoclonal antibody binds to Her-2). 

 
 

 MISCELLANEOUS AGENTS: 

 

Asparaginase.  The drug is a bacterial product and hydrolyzes L-asparagine.  Tumor 
cells lack asparagine synthetase and protein synthesis is inhibited.  Toxicities are due to 
immunologic sensitization and depletion of asparagine pools.  Allergic reactions can 
occur;  clotting and bleeding (concentration of clotting factors and antithrombin III 
decrease), pancreatitis, hyperglycemia and mental status changes.  Liver enzyme 
abnormalities occur in all patients.  Useful in treatment of acute lymphocytic leukemia. 

Hydroxyurea.  Analog of urea that inhibits DNA synthesis by inhibiting ribonucleotide 
reductase.  Drug is administered orally.  Main use is in treatment of high white blood cell 
counts in patients with acute myelogenous leukemia and chronic granulocytic leukemia 
with blast crisis.  The leukemic blasts in high numbers can cause sludging in the 
vasculature leading to thromboses.  Once the count is controlled other treatments can be 
given.  Toxicity includes nausea and vomiting, low blood counts and rash. 

All-trans-retinoic acid (tretinoin).  Treatment of choice in combination with 
chemotherapy for patients with acute promyelocytic leukemia (APL, M3).  The drug 
induces terminal differentiation of the leukemic cells.  Side effects:  dry skin and dry 
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mucus membranes.  Retinoic acid syndrome consisting of fever, weight gain, pulmonary 
infiltrates and pleural or pericardial effusions. 

Arsenic Trioxide.  Used in the treatment of APL.  Side effects include fatigue, QT 
prolongation and a syndrome similar to the retinoic acid syndrome (see tretinoin). 


