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 CHEMOTHERAPY III 
ANTIBIOTIC/ANTI-TUMOR AGENTS 

 
1.  ANTIBIOTIC ANTITUMOR AGENTS. 

 
a)  Doxorubicin 

 
a)  Name, class:  Doxorubicin, antitumor antibiotic 
b)  Cycle specificity:  CCNS 
c)  Macromolecular target:  DNA  
d)  Bioactivation if necessary:  None.  
e) Mechanism of action (cytotoxicity):  Intercalation between base pairs of DNA leading to 
strand breaks due to inhibition of topoisomerase II. 
 

Topoisomerase II inhibiting drugs can be intercalators (daunomycin, doxorubicin, mitoxantrone, 
dactinomycin) or non-intercalators (etoposide). 
 
There are topoisomerase I inhibiting drugs that have recently been approved for use  (topotecan 
and irinotecan). 

 
 
Topoisomerase I:  Single strand DNA breaks, relaxation of the strand and re-anneal the strands. 
 
Topoisomerase II:  Double strand breaks in the DNA, relaxation and re-anneal the strands of 
DNA. 
 
f)  Pharmacokinetics and metabolism:  Metabolized by the liver and excreted as a thiol adduct 
into the bile.   
 

The intercalating and non-intercalating topoisomerase II inhibitors and the tubulin inhibitors 
(vinca alkaloids) are all cross resistant due to MDR (multidrug resistance).  The P-glycoprotein 
is a membrane bound efflux pump.  Giving some of these drugs as continuous infusions may 
downregulate the glycoprotein and reverse resistance.  Quinine, verapamil, cyclosporine may 
block the efflux pump and reverse resistance. 
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g) Side-effects (toxicity):  Nausea and vomiting and hair loss, stomatitis.  Myelosuppression is 
dose limiting toxicity.  Cardiac toxicity :  congestive cardiomyopathy.  Determine ejection 
fraction (ECHO or MUGA scan) prior to institution of treatment with doxorubicin.   
h)   Special features and dose reductions: 
 

(1) The drug is a vesicant.   
 

(2) Must dose reduce in the presence of jaundice. 
 

(3) The drug has a cumulative cardiac toxicity. 
 
Cumulative toxicity refers to a toxicity which irreversibly damages a small part of an organ.  
With repeated administrations of drug the damage accumulates and after a certain dose is 
reached the total damage results in organ dysfunction. 
 
A graph of the probability of a clinical event occurring (pulmonary toxicity, heart failure) as a 
function of the total dose (cumulative) of drug is termed a cumulative toxicity curve. 
 

 
 

Figure 1.  Probability of developing congestive heart failure as a function of the total dose of  
             Adriamycin.  Original citation not available.  K. Micetich, M.D.   

The curve seems to rise sharply once a dose of 550 mg/M
2
 is reached.  The data for this curve 

was obtained from patients receiving a dose of 60 mg/M
2
 intravenously over 20 minutes every 3 

weeks. 
 
At a total dose of 550 mg/M

2
 (9 administrations of drug) about 10 % of patients will have 

congestive heart failure. Because of the danger of developing congestive heart failure, we will 
usually not exceed a total LIFETIME dose of doxorubicin of 400 mg/M

2
. 

 
Subsequent research has shown that the probability of developing congestive heart failure is a 
function of the length of the infusion of the dose of the drug.  A 96 hour infusion of drug is 
associated with much less cardiac toxicity than the same dose administered over 30 minutes. 
 
Thus, doxorubicin manifests schedule dependent cardiac toxicity.  Altering the schedule of 
administration does not alter the antitumor effect of the drug.  Therefore, doxorubicin 
administration demonstrates schedule independent cytotoxicity. 
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The presumed mechanism of action of cardiac toxicity is free radical damage.  Free radical 
damage is greater to the heart when you have very high plasma concentrations of drug (when the 
drug is given over 30 minutes).  Free radical damage by the drug is minimized when you give the 
same dose of drug over 96 hours since high plasma levels of doxorubicin are not achieved. 
The free radical damage may be due to complexes of iron with doxorubicin. 
 
This strategy of altering the schedule of administration of doxorubicin to prevent cardiac toxicity 
works only because the mechanism of cardiac toxicity (free radical damage) is different from the 
mechanism of cytotoxicity. 
 

Most recently a drug called dexrazoxane (ICRF-187, Zinecard) has been approved by the Food 
and Drug Administration as a cardioprotective agent in patients receiving doxorubicin.  The drug 
is an avid iron chelator and presumably the iron binds to the dexrazoxane rather than the 
doxorubicin and free radical damage is averted. 

 
Prior mediastinal irradiation and long standing uncontrolled hypertension increases the risk of 
developing anthracycline cardiac toxicity. 
 
i)   Uses:  Breast cancer, leukemia, sarcoma, Hodgkin’s and non-Hodgkin's lymphomas. 
j)  Other compounds in this class:  Daunomycin, idarubicin, epirubicin and Mitoxantrone.  
Daunomycin is less cardiac toxic than doxorubicin but is the less effective agent against solid 
tumors.  Daunomycin is used in the treatment of some leukemias and is not used in the treatment 
of solid tumors.  Idarubicin and epirubicin are used exclusively in leukemia and are analogs of 
doxorubicin that seems to be associated with less cardiac toxicity than is doxorubicin.  All the 
anthracycline antibiotics are associated with dose limiting myelosuppression. 

 
b)  Irinotecan 

 
a)  Name, class:  Irinotecan, (camptothecin, plant alkaloid)  
b)  Cycle specificity:  CCNS 
c)  Macromolecular target:  DNA  
d)  Bioactivation if necessary:  Prodrug.  Converted by carboxylesterase to 7-ethyl-10-
hydroxycamptothecin (SN-38).  
e)  Mechanism of action (cytotoxicity):  Topoisomerase I inhibition leading to single strand 
breaks in the DNA.  
f)  Pharmacokinetics and metabolism:  Hepatic metabolism is significant.  Dose reduction 
required for jaundice. UGTIAI is responsible for the clearance by glucuronidation of drug 
(irinotecan) and bilirubin.   
 
The natural function of UGT1A1 is the catalysis of bilirubin glucuronidation. A genetic 
polymorphism in the UGT1A1 promoter (UGT1A1*28) results in enzyme underexpression, 
causing an impairment of bilirubin metabolism (reduced glucuronidation), clinically recognized 
as Gilbert.s syndrome (UGT1A1 7/7 genotype). Case reports describing severe neutropenia in 
Gilbert.s patients receiving standard starting doses of irinotecan suggested a link between this 
UGT1A1 polymorphism and irinotecan toxicity.  (from Background Document on the 
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UGT1A1 Polymorphisms and Irinotecan Toxicity:  ACPS November 3, 2004 Advisory 
Committee Meeting). 
 
A mutation seen in 9 % of Caucasian and African populations decreases glucoronidation and 
genotyping is commercially available.  Clinical guidelines do not exist for dose optimization as a 
function of genotype.   
g)  Side effects (toxicity):  Nausea, vomiting and myelosuppression (dose limiting).  Stomatitis 
and hair loss.   
 
Early cholinergic diarrhea (during drug administration or in the first 24 hours treated with 
atropine).   
 
Late secretory diarrhea may occur 7-10 days later that is treated aggressively with Imodium.  
Deaths have occurred. 
h)  Special Features and dose reductions:  Decrease dose of drug in the presence of jaundice. 
i)  Uses:  Useful in GI tract malignancies 
j)  Other compounds in this class:  Topotecan used to treat ovarian cancer patients who have 
become resistant to carboplatin and paclitaxel.   

 
c)  Bleomycin 

 
a)  Name, class:  Bleomycin, antitumor antibiotic. 
b)  Cycle specificity:  CCS (G2-M phase). 
c)  Macromolecular target:  DNA  
d)  Bioactivation if necessary:  None.  
e) Mechanism of action (cytotoxicity):  Binds to DNA, free radical production leading to single 
and double strand DNA breaks.  The bleomycin-iron form is the active species. 
f)  Pharmacokinetics and metabolism:  About 50 % of the drug is excreted in the urine.  The 
liver and the kidneys rapidly inactivate the drug (bleomycin hydrolase).  The lungs and the skin 
have very low levels of the inactivating enzyme. 
g)  Side effects (toxicity):  Pulmonary toxicity is dose limiting.  Hyperpigmentation of the skin, 
hyperkeratosis of the palms.  Stomatitis and hair loss.  The drug is NOT myelosuppressive.  The 
drug can cause a decrease in the pulmonary diffusion capacity.  Anaphylactoid reactions have 
been noted with the first dose in patients with lymphoma.  Fever and chills are common. 
h)   Special features and dose modifications:  (1)  test dose is given before the first dose is 
administered to monitor for severe reactions.  (2) This drug has a cumulative pulmonary toxicity 
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Figure 2-B.  Incidence of pulmonary toxicity  as a function of total bleomycin dose.  Original citation not available.  
K. Micetich, M.D. 
 
The incidence of bleomycin pulmonary toxicity rises sharply after a total dose of 400 units.  The 
usual administration is 30 units per dose.  This is about 13 administrations of drug.  Clinically 
we do not exceed 400 units total dose.  Obtain pulmonary function tests prior to institution of 
treatment.  Also can monitor effect of bleomycin on the lungs with diffusion capacity of carbon 
monoxide. 
 
(3)  The drug may be given intravenously, intramuscularly, subcutaneously, or intracavitary 
(pleural space for palliation of a pleural effusion). 

 
(4)  When patients with history of bleomycin administration are given high inspired oxygen 
concentrations, there is a risk of pulmonary damage and death.  If oxygen is necessary administer 
the lowest FiO2 to maintain oxygen saturation > 90 %. 
 
(5)  A dose reduction must be made for renal insufficiency. 
j)   Uses:  The main use for this agent now is in the treatment of testicular cancer.  A standard 
dose is 30 units (30 mg) intravenously weekly for 12 weeks.  The drug has been used in the past 
in the treatment of lymphoma and squamous cell cancers (head, neck, vulva, cervix).  However, 
its use now is principally confined to the treatment of testicular cancer. 
k) Other compounds in this class:  None approved. 
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2.  HORMONAL AGENTS 
 
Overview:  Prednisone is a steroidal agent that is useful in the treatment of antineoplastic 
diseases. 
 
Breast cancer (in some patients) and prostate cancer (in most patients) are hormone dependent 
cancers.   The tumors of about 60 % of women with breast cancer contain estrogen and 
progesterone receptors.  These cancers require estrogen for continued growth.  Depriving the 
cancer of estrogen can cause tumor regression.  60 % of women whose breast cancer contains the 
estrogen receptor protein will respond to a hormone therapy.   
 
Prostate cancer is a hormone dependent neoplasm.  Depriving the prostate cancer cells of 
androgen will produce a favorable response in 80 % of men. 
 

 
a) Prednisone 

 
a)  Name, class:  Prednisone, steroid. 
b)  Cycle specificity:  N/A. 
c)  Macromolecular target:  Steroid receptor. 
d)  Bioactivation if necessary:   None. 
e)  Mechanism of action (cytotoxicity):  Unknown. 
f)  Pharmacokinetics and metabolism:  N/A. 
g) Side effects (toxicity):  Euphoria, weight gain, increased appetite, mania, hypertension, 
sodium and fluid retention, aggravation of diabetes, hypokalemia, alteration of the sleep-wake 
cycle, peptic ulceration of the stomach, spontaneous colon perforation, cataracts, osteoporosis, 
cushingoid appearance, and suppression of the pituitary-adrenal axis. 
h)   Special features and dose modifications:  None. 
i)   Uses:  Prednisone, 100 mg/day or more, is useful in the treatment of Hodgkin's disease and 
non-Hodgkin's lymphoma.  It is also used in the treatment of multiple myeloma and some 
leukemias.     
j) Other compounds:  Dexamethasone (less mineralicoroticoid effects than prednisone) is used 
to reduce cerebral edema in patients with brain metastases.  Dexamethasone also potentiates the 
effect of 5-HT3 receptor antagonists (ondansetron) and is therefore used for control of emesis 
and nausea in patients receiving chemotherapy. 
 
 

b)  Tamoxifen 
 

a)  Name, class:  Tamoxifen, hormonal agent. (SERM: selective estrogen receptor modulator) 
b)  Cycle specificity:  N/A. 
c)  Macromolecular target:  Estrogen receptor in cancer (usually breast cancer).  Mixed 
agonist/antagonist with respect to the estrogen receptor.   
d)  Bioactivation if necessary: Tamoxifen is a prodrug and is metabolized in the liver to  
4-hydroxytamoxifen, the active metabolite.  
e)  Mechanism of action (cytotoxicity):  Binds to the estrogen receptor in the cancer cell.   
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f)  Pharmacokinetics and metabolism:  Metabolized by the liver. 
g)  Side effects (toxicity):  Some weight gain, hot flashes, endometrial cancer, thrombosis. 
h) Special features:   
 
(1)  Tamoxifen is approved as a chemoprevention in women at high risk of developing breast 
cancer.   
 
(2)  The drug is also mildly estrogenic.  It has a favorable effect on the lipid profile and 
decreases the rate of bone loss in postmenopausal women. 
 
i)  Uses:  Tamoxifen is given orally 20 mg daily and is used exclusively in the treatment of 
breast cancer (metastatic or adjuvant setting).  It can also prevent breast cancer. 
j)  Other compounds in this class:  Raloxifene (chemoprevention of breast cancer).  
 

   c) Anastrozole 
 
a) Name Class:  Anastrozole, aromatase inhibitor 
b) Cycle specificity:  not applicable 
c) Macromolecular target:  Aromatase 
d) Bioactivation if necessary:  None 
e) Mechanism of action:  Selective non-steroidal inhibitor of aromatase produces marked 

lowering of plasma estrogen levels. 
f) Pharmacokinetics and metabolism:  Estradiol levels reduced 70% after 24 hours and 80% 

after two weeks of therapy.   Metabolized extensively by the liver.  No dose adjustments 
necessary in liver or renal dysfunction. 

g) Side effects:  Hot flashes, mood disturbance, arthritis, arthralgias, bone pain, bone loss, 
osteoporosis. 

h) Special features: None 
i) Uses:  Oral administration.  Hormone receptor positive breast cancer (adjuvant and 

metastasis).   
j) Other compounds in this class:  Letrozole, exemestane 
 

e)  Flutamide 
 

a)  Name, class:  Flutamide 
b)  Cycle specificity:  N/A. 
c)  Macromolecular target:  Receptor.  
d)  Bioactivation if necessary:  None.  
e) Mechanism of action (cytotoxicity):  Flutamide inhibits the uptake and binding of the  
testosterone to specific receptors in hormonally sensitive prostate cancer cells. 
f)  Pharmacokinetics and metabolism:  None relevant. 
g)  Side effects (toxicity):  The drug is well-tolerated.  Diarrhea (up to 20 % of patients) and  
elevations of the liver transaminases. 
h)   Special features:  None. 
i)   Uses:  Oral administration and used in the ADT (androgen deprivation treatment) therapy of 
metastatic prostate cancer.  
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j)  Other compounds in this class:  Bicalutamide, nilutamide (similar to flutamide with less 
diarrhea) 

 
f)  Leuprolide acetate 

 
a)  Name, class:  Leuprolide, GnRH receptor agonist. 
b)  Cycle specificity:  N/A. 
c)  Macromolecular target:  Receptor.  
d)  Bioactivation if necessary:  None.  
e)  Mechanism of action (cytotoxicity):  Leuprolide binds to pituitary GnRH receptors and 
initially produces an increase in LH and FSH leading to an increase in testosterone and thus 
initially can stimulate tumor growth. By interrupting the normal pulsatile stimulation of the 
GnRH receptors, leuprolide down regulates the secretion of gonadotropins LH and FSH, leading 
to a reduction in testosterone levels.  
f) Pharmacokinetics and metabolism:  None relevant. 
g)  Side effects (toxicity):  Hot flashes.  General side effects of androgen deprivation therapy 
(ADT):  weakenss, decreased libido, loss of muscle mass, erectile dysfunction, change in body 
fat distribution,  gynecomastia 
h)   Special features:  There may be an initial worsening of symptoms in patients with cancer of 
the prostate since testosterone production initially increases before decreasing.  Therefore, the 
patient is treated with flutamide or bicalutamide for 2-4 weeks before institution of leuprolide 
acetate treatment (depot injections).  The flutamide or bicalutamide are then discontinued.  
i)   Uses:  The drug is given intramuscularly.  Depot injections are available. 
j)  Other compounds in this class:  Goserelin (agonist of LHRH). 

 
 
 
REVIEW QUESTIONS: 
 

1.  Define the mechanism responsible for MDR. 
 

2.  List the drugs that are cross resistant if MDR is the primary mechanism of resistance. 
 

3.  A patient with prostate cancer metastatic to the bone is started on leuprolide.  Two 
weeks later he calls you and states that his bone pain is severe.  Discuss the mechanism 
of  worsening bone pain in this patient and indicate what could have been done to prevent 
the problem. 

 
4.  Define intercalation. 

 
5.  What is a vesicant? 

 
6.   Define and explain the concept of schedule dependent cardiac toxicity of 
doxorubicin. 
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7.   What is the mechanism of  cytotoxicity of  doxorubicin? 
 

8. A patient with breast cancer has jaundice due to metastatic disease in the liver.  
Doxorubicin is given intravenously and the patient expires three weeks later of septic 
shock.  Was doxorubicin a good choice for this patient?  Why or why not? 

 


