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OBJECTIVES

• To learn the mechanism of cytotoxicity and 
toxicity of doxorubicin

• To understand the concept of MDR
• To understand the concept of cumulative 

toxicity and schedule dependent toxicity
• To illustrate the concept of the hormonally 

sensitive neoplasm and its treatment and side 
effects.
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TOPOISOMERASES:  RESOLVE CONFORMATIONAL AND 
TOPOLOGICAL CHANGES IN THE DNA.

Topoisomerase I:  Introduces transient protein bridged DNA breaks 
in one strand of the DNA.  There is a drug-DNA-enzyme ternary
complex.  Arrest in the replication fork.

Topoisomerase II:  Introduces transient protein bridged DNA breaks
in both strands of the DNA.  Inhibition of chromosome replication??
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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).

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 
P glycoprotein and reverse resistance.  Quinine, verapamil, 
cyclosporine may block the efflux pump and reverse 
resistance.



4

TABLE I

Cytotoxic Drugs to Which MDR Cells Are Resistant

Anticancer Drugs Other Agents

Vinca alkaloids Colchicine
(vinblastine, vincristine) Puromycin

Anthracyclines Podophyllotoxin
(daunorubicin, doxorubicin, 

mitroxantrone) Ethidium bromide
Epipodophyllotoxins Emetine

(etoposide, teniposide) Gramicidin D
Mitomycin C Valinomycin
Actinomycin D
Taxol
Topotecan

Doxorubicin
• Cell cycle non-specific

• Intercalates into DNA and inhibits topoisomerase 
II producing double stranded DNA breaks

• Excreted as a thiol adduct into the bile.  Dose 
reduce in the presence of jaundice.

• Nausea, vomiting, hair loss, stomatitis.  
Myelosuppression is dose limiting

• Cumulative  toxicity:  cardiomyopathy. Obtain 
ejection fraction prior to instituting therapy
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Cardiomyopathy

• Cumulative toxicity

• Maximum life time dose :  400 mg/M^2

• Cardiac toxicity is schedule dependent:
– Shorter infusion times (30 minutes) are more cardiac 

toxic than longer infusion times (96 hour infusion 
time).  Pretreatment with an iron chelator may be 
helpful-dexrazoxane

• Antitumor effect is schedule independent.

IRINOTECAN

• Topoisomerase I inhibitor

• Bioactivation is necessary

• Hepatic metabolism.  Reduce dose in presence of 
jaundice.
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Irinotecan
• Early diarrhea (during infusion or first 24 hours after 

treatment):  cholinergictreat with atropine

• Late diarrhea (7-10 days after treatment):  
secretorytreat with imodium, hydration

• Pharmacogenomics
– UGT1A1*28 (decreases glucuronidation and increases 

myelosuppression and diarrhea, mutation in 9 % of Caucasion 
and African population)-Gilbert’s syndrome.  Genetic testing 
available but no guidelines for whom to test and when to test 
and dose modifications.

• Colon cancer treatment
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Bleomycin

• Cell cycle specific

• Free radical damage to DNA

• 50 % of drug is excreted in the urine;  dose 
reduction necessary in patients with renal 
insufficiency

• Liver and kidney rapidly inactive the drug 
(bleomycin hydrolase).  Lungs and skin  cannot 
inactivate drug.

Bleomycin (2)

• Skin hyperpigmentation

• Pulmonary toxicity is dose limiting.  This is a 
cumulative toxicity

Bleomycin (3)

• Monitor with pulmonary function tests (diffusion 
capacity of carbon monoxide-DLCO).  Obtain 
baseline pulmonary function tests prior to 
institution of treatment with bleomycin.

• Avoid administering high oxygen concentrations.

• Anaphylactoid reactions-?test dose

• Use:  testicular cancer  treatment.
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HORMONAL AGENTS

Overview:  Prednisone (steroid) is useful in the treatment of some 
cancers.

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.

Prednisone

• Useful in the treatment of patients with 
myeloproliferative or lymphoproliferative 
disorders:  multiple myeloma, Hodgkin’s disease, 
non-hodgkin’s lymphoma, some forms of 
leukemia.

• Weight gain, hypertension, edema, carbohydrate 
intolerance, suppression of pituitary-adrenal axis, 
weakness, euphoria, increased appetite
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Prednisone (2)

• Dexamethasone
– Used along with 5-HT3 inhibitors to prevent or 

ameliorate chemotherapy treatment related nausea and 
vomiting.

– Less mineralocorticoid activity than prednisone and is 
used in the treatment of cerebral edema or spinal cord 
edema to due spinal cord compression

Tamoxifen

• Oral selective estrogen receptor modulator 
(SERM)

• Agonist-antagonist with respect to estrogen 
receptor.  Antagonist in the cancer cell.

• Must measure estrogen receptors on all breast 
cancer specimens from the patient.  If present, 
predictive of response to tamoxifen 
(adjuvant/metastatic setting)
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Tamoxifen (2)

• Hot flashes, thrombosis, endometrial cancer, 
decreases rate of bone loss in postmenopausal 
women.

• Can prevent breast cancer in women at high risk 
of developing breast cancer who take the drug for 
5 years.

Mechanism of Action of Aromatase Inhibitors and Tamoxifen.

Smith IE, Dowsett M. N Engl J Med 2003;348:2431-2442.
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Aromatase Inhibitors

• Rapdily decrease estrogen levels

• Very effective in estrogen receptor positive breast 
cancers

• Side effects:  arthralgias, bone pain, bone loss, 
osteoporosis, hot flashes

• Anastrozole,  letrozole, exemestane

Prostate Cancer

• Hormonally dependent cancer in most men.

• Goal of treatment:  decrease  testosterone 
production (ADT, androgen deprivation therapy)
– Inhibit cancer cell uptake of testosterone (flutamide, 

bicalutamide)

– Decrease levels by decreasing FSH and LH by using a 
gonadotropin releasing hormone agonist (leuprolide 
acetate)

Leuprolide acetate

• Given intramuscularly-depot form available

• Initial stimulation of FSH and LH leading to 
possible tumor flare (pretreat with flutamide or 
bicalutamide prior to first treatment in leuprolide 
acetate.

• General side effects of ADT:  weakness, 
decreased libido, erectile dysfunction, loss of 
muscle mass, gynecomastia, change in body fat 
distribution.


