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Chemotherapy I:  Overview

Dr. Micetich

Pharmacology:  2013

#81 - EDUCATIONAL OBJECTIVES

1.  To illustrate the natural history of a cancer;

2.  To indicate the importance of tumor cell heterogeneity
and the development of malignant cell resistance to
chemotherapy as critical factors in determining
treatment outcome;

3.  To understand antineoplastic drug development;

4.  To learn the criteria of response to antineoplastic agents;

5.To understand the toxicity of cancer chemotherapy and
the supportive care available.

WHAT ARE WE TRYING TO DO?

• Eradicate a cancer (overt or covert)

• Prevent the death of the patient

• Prolong the life of the patient
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TRANSFORMATION:  Change to the malignant phenotype

Cancer is an accumulation of genetic alterations and is a 
multi-step process.

CONTINUED CELL DIVISION

a)  Phases of the cell cycle:  G0, G1, S, G2, M.

G0:  Non dividing

G1:  Synthesis of components needed for DNA synthesis

S:  DNA synthesis

G2: synthesis of components needed for mitosis

M:  mitosis
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Adenocarcinoma lung

TUMOR CELL HETEROGENEITY

Growth fraction

Metastatic potential and metastatic process

Resistance/sensitivity to chemotherapy

Metastatic process

(1)  clonal evolution;
(2)  intravasation;
(3)  extravasation;
(4)  growth in the distant metastatic site
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Resistance to chemotherapy:  Malignant cell
resistance to chemotherapy accounts for the
failure of chemotherapy to completely 
eradicate a malignant process.

The ability of chemotherapy to cure is 
inversely proportional to the tumor burden
(Skipper Hypothesis).

Resistance to Chemotherapy

The stage of cancer indicates the extent of disease at the time of 
diagnosis and determines prognosis and treatment.  The usual 
staging system is the TNM Classification. However, it is important to 
note that all staging systems reduce to three basic stages:

1. Cancer localized to the organ of origin
2. Cancer localized to the organ of origin with spread to

the regional draining lymph nodes
3. Disseminated disease

The stage assesses the risk that the cancer may have undergone
the metastatic process during the subclinical or latent period
of growth.

STAGE DETERMINES PROGNOSIS AND TREATMENT

LOCAL>LOCAL-REGIONAL>METASTATIC
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Cancer Treatments

• Surgery

• Radiation therapy

• Chemotherapy:  Drugs given to patients with a 
malignant process.

• Other localized therapies:  embolization, 
radiofrequency ablation, regional organ 
perfusion

CHEMOTHERAPY

Drugs developed/designed/selected to kill mammalian cells

Reduce the total body cancer burden by killing 
cancer cells.

If the process is completely eradicated, the patient 
will be cured (all cells sensitive to chemotherapy)

If the reduction in the total body cancer burden is 
incomplete then the life of the patient may be 
Prolonged (some or all cells resistant to chemotherapy)

CYTOTOXICITY

TOXICITY
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Resistance to chemotherapy:  Malignant cell
resistance to chemotherapy accounts for the
failure of chemotherapy to completely 
eradicate a malignant process.

The ability of chemotherapy to cure is 
inversely proportional to the tumor burden
(Skipper Hypothesis).

Cell cycle specific

Cell cycle non-specific

Assessment of response to chemotherapy

Complete remission

Partial remission: > 50% REDUCTION

Stable disease

Progression of disease
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Drug development:

Preclinical testing

Phase I clinical trials:  DETERMINE DOSE
AND DOSE LIMITING TOXICITY

Phase II clinical trials:  DETERMINE 
ACTIVITY

Phase III clinical trials:  DETERMINE
EFFICACY

schedule dependent cytotoxicity

schedule dependent toxicity

Scheduling
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TOXICITY OF CHEMOTHERAPY

Constitutional toxicities:

Nausea and vomiting

Loss of appetite

Fatigue

Toxicities due to effect of chemotherapy 
on normal dividing cells:

a)  transient myelosuppression
b)  temporary hair loss;
c)  mucositis or sore mouth, or diarrhea
d)  sterility
e) second neoplasms

Organ specific toxicities

cardiac toxicity of the anthracyclines

pulmonary toxicity of bleomycin

nephrotoxicity of cis-DDP
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MYELOSUPPRESSION

USUAL DOSE LIMITING TOXICITY

WHITE CELLS

POLYS
BANDS
ANC

HEMOGLOBIN

PLATELETS

EXAMPLE:  The patient was a 65 year old white female
receiving doxorubicin (60 mg/M2) and vincristine (1.4  mg/M2)
intravenously every three weeks.

She is 68 inches tall and weighs 160 pounds.  From a 
nomogram, her BSA (body surface area) is determined
to be 1.86 M2.

Therefore her dose of doxorubicin is 111.6 mg and that of
vincristine is 2.6 mg.  The chemotherapy was administered
and weekly blood counts were obtained.

Neutropenia
• Determine the absolute neutrophil count:

White blood cell count X (% neutrophils + % bands)

Nadir: The Lowest neutrophil count
• Occurs generally 10-14 days after last dose of chemotherapy
• Some agents are delayed; nadir occurs at week 4-6 after chemotherapy

– Requires infection precautions for neutropenic patients (handwashing and low 
bacterial diet) 

– Colony Stimulating Factors
• Start at the end of chemotherapy
• Filgrastim (G-CSF)
• Shortens duration of neutropenia

– Febrile neutropenia:  ANC  < 500 cells/mm3 and fever > 100.50 F must be started on 
broad spectrum antibiotics and admitted after cultures (blood, sputum, urine) and 
thorough history and physical examination.
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Thrombocytopenia

• Platelet count below normal (< 150,000/mm3 )
• Platelet transfusions when platelets < 10,000-

20,000/mm3 ) or low platelet count at any level and 
patient is bleeding.

• No safe pharmacologic agents to raise and support 
platelet count

• Avoid use of agents that interfere with platelet 
function (aspirin and other non-steroidal 
antiinflammatory agents)

Anemia

• Deficiency of RBC
• Causes fatigue, dyspnea, tachycardia or no symptoms

– Normocytic: Myelosuppression (chemotherapy related)
• Common with chemotherapy
• Treatment:

– May not require treatment
– Erythropoietin + Iron (avoids transfusions)
– Darbopoietin + Iron (avoids transfusions)
– Blood transfusions
– Risks of erythropoetic stimulating agents (shortens time to progression 

and decreased survival, thromboembolic events) and benefits 
(improved red cell count and avoidance of transfusions)

Nausea and Vomiting
• Requires pre-medication assessment 

of the emetogenic potential of the 
cytotoxic regimen
– Combinations of:

• Prochlorperazine 
• Selective serotonin antagonists (5-

HT3 receptor antagonists)
– Ondansetron,Granisetron

• Corticosteroid
– Dexamethasone 

• Lorazepam
• Aprepitant (effective in prevenint 

acute and delayed nause and 
vomiting in highly emetogenic 
regimens)

Courtesy of Dr. McBride
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The 5-HT3 receptor antagonists are selective serotonin 
inhibitors, competitively inhibit the binding of serotonin 
to 5-HT3 receptors. Their antiemetic effects are 
postulated to stem from blockade of 5-HT3 receptors 
located on the nerve terminals of the vagus in the 
periphery and centrally in the chemoreceptor trigger 
zone of the area postrema. These drugs have little or no 
affinity for other serotonin receptors; for alpha or beta-
adrenergic; for dopaminergic; or for histamine 
receptors.

Nausea and Vomiting

• Dexamethasone:  elevated sugars, feeling hyper, reversal of 
awake-sleep cycle, flushing

• Compazine: extrapyramidal side effects
• Ondansetron:  Constipation (seen in 9 % of patients); 

headache and diarrhea.  Prolongation of QT interval in a dose 
dependent fashion;  Torsade de Pointes has been reported;  
avoid in congenital long QT syndrome. 

Stomatitis

• Stomatitis:  Inflammation of the mucus membranes of the oral 
cavity
– Relieved with “magic mouthwash”

• Diphenhydramine
• Maalox/Mylanta
• Viscous Lidocaine
• ± Glucocorticoids (Prednisone)

– May also require treatment for oral fungal infection
• Nystatin oral suspension swish and swallow

• Frequently requires narcotic pain medication
• Self-limiting
• Effect on oral intake (fluids and caloric)

Courtesy of Dr. McBride
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Stomatitis (mucositis)

Enteritis

• Diarrhea
– Maintain hydration
– Antidiarrheal agents after infectious etiology 

excluded including c. diff diarrhea (assay for c.diff 
toxin)

• Loperamide (imodium)
• Diphenoxylate and atropine (lomotil) after infectious 

etiology excluded

– Octreotide (IV or subcu) in severe cases

Cumulative Toxicity

• With each administration of drug
– A small amount of irreversible damage is done to 

an organ

– With repeated administrations of drug the damage 
accumulates and a clinical problem with the 
function of the organ occurs.

– Example:  cardiac toxicity of doxorubicin, 
pulmonary toxicity of BCNU
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Vesicants

• Some drugs are vesicants

• Vesicant: A substance that causes tissue blistering. A 
blister agent. Also called a vesicatory. Vesicants are 
highly reactive chemicals that combine with proteins, 
DNA, and other cellular components to result in 
cellular changes immediately after exposure. 

• Examples:  vincristine, vinblastine, doxorubicin and 
danunorubicin

Portacath
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For each drug we discuss the following organization
will be used:

a) Name, class
b) Cycle specificity
c) Macromolecular target
d) Bioactivation if necessary
e) Mechanism of action (cytotoxicity)
f) Pharmacokinetics and metabolism
g) Side effects  (toxicity)
h) Special features and dose modifications
i) Uses
j) Other drugs in this class


