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Education Objectives

• To understand the concept of targeted therapy

• To review the role of tyrosine kinases as targets 
for cancer therapy

• To illustrate the potential benefits and toxicities of 
the commercially available targeted therapies

• To discuss the uses and side effects of 
miscellaneous agents

Targeted Therapy

• 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.

• Traditional chemotherapy is not specific for 
a cancer cell and is “non-targeted”.

Tyrosine Kinase
• Two types

– Transmembrane protein with a ligand binding 
extracellular domain and a catalytic 
intracellular kinase domain (receptor)

– Non membrane tyrosine kinase (non-receptor)

• Transfer of phosphate from ATP to tyrosine 
in polypeptides:  regulate cellular 
proliferation, survival, differentiation, 
function and motility, metastases and 
invasion



3/27/2018

2

Krause D and Van Etten R. N Engl J Med 2005;353:172-187

Mechanisms of Activation of Normal TKs

Dysregulation
• Common mechanism of TK activation is the 

fusion of a partner protein with TK due to 
chromosomal translocation causing TK 
oligomerization in the absence of ligand 
binding or other signals

• Mutation that disrupts autoregulation of the 
kinase

• Increased or aberrant expression of a 
receptor TK

Result

• Aberrant TK activation can increase cell 
survival, proliferation and drug resistance.

• In tumors it can increase angiogenesis, 
invasiveness, and metastatic potential.
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TK inhibitors

• Small molecule tyrosine kinase receptor 
inhibitors (imatinib, erlotinib)

• Monoclonal antibodies (trastuzumab, 
cetuximab, bevacizumab)

• Target different families of receptors and 
signaling pathways
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TARGETED THERAPY

• BCR-ABL unique to CML (oncogene 
addiction-dependence for cell survival on 
TK signaling pathway).

• Phosphorylation-not controlled.

• Necessary for malignant clonal expansion

• Chronic, daily oral therapy

RESPONSES

• CML

• Gastrointestinal stromal tumors (c-KIT)

• Resistance will develop and this therapy is 
not known to be curative at the present time.



3/27/2018

5

O'Brien S et al. N Engl J Med 2003;348:994-1004

Rates of Best Observed Hematologic and Cytogenetic Responses

Demetri G et al. N Engl J Med 2002;347:472-480

Responses to Imatinib in Patients with Advanced Gastrointestinal Stromal Tumors

Imatinib mesylate

• Metabolized in the liver by CYP3A4 system 
and excreted into the feces via the biliary 
system
– Avoid coadministration with inducers (St. 

John’s Wort) and inhibitors of CYP3A4 
(grapefruit juice, other drugs)
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Imatinib mesylate (2)
• Side effects:  superficial edeam, nausea, 

muscle cramps, abdominal pain, rash, 
diarrhea, anemia, neutropenia and 
thrombocytopenia.

• Oral

• Monitor TSH levels.  Increases the 
clearance of thyroid hormone in 
hypothyroid patients taking thyroid 
replacement therapy.

Imatinib mesylate (3)
• Uses:  CML, GI stromal tumors

• Other drugs:  dasatanib and nilotinib

Cetuximab
• Monoclonal antibody to EGFR

• Overexpression leads to increased cell 
division and growth, metastases and 
invasion.  Can sensitize cell to 
chemotherapy and radiation therapy.

• Active in metastatic lung and colon cancers 
and head and neck cancers receiving 
radiation treatments.

• Rash, diarrhea, hypomagnesemia, infusion 
reactions
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Cetuximab (2)
• Colorectal cancer:  perform kras and nras 

mutational analysis on the tumor specimen 
(pathology report
– Wildtype:  patient may respond to cetuximab

– Mutated:  no response to cetuximab

• Lung and head and neck cancers:  patients 
not selected on basis of EGFR expression 
and k-ras mutational status.

• Predictors of response differ by tumor site
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Erlotinib

• Small molecule inhibitor of the tyrosine 
kinase domain associated with EGFR.

• Oral administration

• Metabolized by CYP3A4.

• Rash, nausea, anorexia, fatigue
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Shepherd F et al. N Engl J Med 2005;353:123-132

Kaplan-Meier Curves for Overall Survival (Panel A) and Progression-free Survival (Panel B) 
among All Patients Randomly Assigned to Erlotinib or Placebo

EGFR activating mutations

• Make the cancer cell more sensitive to TKI

• Prototype patient with EGFR activating mutations:
Adenocarcinoma, bronchoalveolar
Women
Asian
Never smokers

• Perform mutational analysis on non-small cell lung cancers
for EGFR activating mutations
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Krause D and Van Etten R. N Engl J Med 2005;353:172-187

Mechanisms of TK Dysregulation and Therapeutic Targeting in Cancer

VEGF
• Bevacizumab (monoclonal antibody) binds 

to vascular endothelial growth factor and 
prevents signaling for new blood vessel 
formation in tumors.

• Significant prolongation of survival in 
patients with metastatic colorectal cancer 
and metastatic lung cancer when combined 
with chemotherapy
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VEGF (2)
• Hypertension, proteinuria, arterial clots, 

colon perforation, bleeding, reversible 
posterior leukoencephalopathy syndrome, 
infusion reactions.

• Administered intravenously with 
chemotherapy.  The drug is not active as a 
single agent.

VEGF receptor TK
• Sorafenib, pazopanib, sunitinib

– Multiple VEGF receptor tyrosine kinase inhibitors

– All metabolized by CYP3A4 system

– Oral administration

– Similar toxicities to bevacizumab and in addition
• Hand foot syndrome also seen along with rashes.  i

• Congestive heart failure (uncommon)

• All three drugs useful in renal cell cancer

• Sunitnibpancreatic neuroendocrine cancer, GI 
stromal tumor

• SorafenibUnresectable hepatocellular cancer

Trastuzumab

• Target:  extracellular domain of EGFR 
receptor, Her-2/neu

• Intravenous administration with 
chemotherapy

• Fever, nausea, vomiting, diarrhea, cough, 
headache, shortness of breath, back pain, 
rash and muscle pain.  Allergic reactions 
and infusion reactions
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Trastuzumab Cardiac Toxicity

• 1-4 % of patients have clinical heart failure

• Up to 34 % of patients have decline in cardiac 
function

• Risk greatest in patients receiving concurrent 
anthracycline

• Not dose dependent

• Reversible

• Potential for late problems is not known

• Serial monitoring of cardiac ejection fraction
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Crizotinib

• Patients with ALK-anaplastic lymphoma 
kinase rearrangements had adenocarcinoma, 
tended to be younger and had little or no 
exposure to smoke

• Treated with crizotinib60 % response rate 
and 33 % stable disease

• Perform mutational analysis on lung cancer 
patients for ALK rearrangement
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Vemurafenib
• 40-60 % of patients with melanoma have an 

activating mutation in the gene coding for  
BRAF.  The mutation causes constitutively 
active phosphorylation and downstream 
signaling.

• Vemurafenib inhibits mutated BRAF.

• Oral drug

• Mutational analysis in melanoma cancers 
(V600E mutation in BRAF)

Summary

• Dawn of the era of personalized medicine

• It is possible in some cases to identify a pathway that is
driving neoplastic cell proliferation and target the pathway
for shutdown using pharmacologic therapy.

• Mutational analysis is indicated in non-small cell lung cancer, 
colon cancer and malignant melanoma

• Targeted therapy indicated in selected patients with the above
cancers and also in clear cell kidney cancer and liver cancer.
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L-Asparaginase

• Depletes asparagine pools rapidly

• Leukemia cells lack asparagine synthetase  and cannot 
synthesize asparagine.

• Cellular effects due to decrease in protein synthesis.

• Allergic reactions, liver enzyme elevations, clotting (due to 
decrease antithrombin-3 levels, pancreatitis and elevated 
glucose

• Useful in treatment of acute lymphoblastic leukemia

Hydroxyurea

• Inhibits DNA synthesis by inhibiting 
ribonucleotide reductase.

• Used to initially control the high white cell 
count in patients with acute myelogenous 
leukemia.

• Oral administration
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All-trans retinoic acid

• Induces terminal differentiation of leukemic cells 
in acute promyelocytic leukemia (APL, M3)

• Very effective in APL and is combined with 
chemotherapy

• Mucocutaneous toxicity

• Retinoic acid syndrome:  fever, weight gain, lung 
infiltrates and pleural or pericardial effusions.

Arsenic Trioxide

• Treatment of choice for relapsed APL

• Fatigue, weight gain, retinoic acid 
syndrome, QT prolongation.


