ONCOLOGY 2002

QUESTION 8:  With anthracyclines, which of the following is the best predictor of cardiac toxicity?

a) Age

b) Gender

c) ECG changes

d) Cumulative dose

e) Concomitant therapy

Biologic Basis for Cancer Chemotherapy

Agents could be categorized (Fig. 84-3) as cell cycle-active, phase-specific (e.g., antimetabolites, purines, and pyrimidines in S phase; vinca alkaloids in M), and phase-nonspecific agents (e.g., alkylators, and antitumor antibiotics including the anthracyclines, actinomycin, and mitomycin), which can injure DNA at any phase of the cell cycle but appear to then block in G2 before cell division at a checkpoint in the cell cycle. Cells arrested at a checkpoint may repair DNA lesions. Checkpoints have been defined at the G1 to S transition, mediated by the tumor-suppressor gene p53 (giving rise to the characterization of p53 as a "guardian of the genome"); at the G2 to M transition, mediated by the chk1 kinase influencing the function of CDK1; and during M phase, to ensure the integrity of the mitotic spindle. The importance of the concept of checkpoints extends from the hypothesis that repair of chemotherapy-mediated damage can occur while cells are stopped at a checkpoint; therefore, manipulation of checkpoint function emerges as an important basis of affecting resistance to chemotherapeutic agents.


Figure 84-3: Location of drug action in the cell cycle. Cancer chemotherapy agents can be broadly described as phase-specific agents acting in S (antimetabolites) and M (spindle poisons) phase, respectively, and phase-nonspecific agents that injure their targets throughout the cycle but cause arrest of cell cycle progression at "checkpoints." The G1 checkpoint is mediated through p53 acting on CDKs 4,6, and 2, and the G2 checkpoint is mediated in part by the chk1 kinase acting on CDK1.
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Antitumor Antibiotics and Topoisomerase Poisons

Antitumor antibiotics are substances produced by bacteria that in nature appear to provide chemical defense against other hostile microorganisms. As a class they bind to DNA directly and can frequently undergo electron transfer reactions to generate free radicals in close proximity to DNA, leading to DNA damage in the form of single strand breaks or cross-links. Topoisomerase poisons include natural products or semi-synthetic species derived ultimately from plants, and they modify enzymes that regulate the capacity of DNA to unwind to allow normal replication or transcription.

Doxorubicin is the most widely active and frequently used antineoplastic agent. It can intercalate into DNA, thereby altering DNA structure, replication, and topoisomerase function. It can also undergo redox cycling by accepting electrons into its quinone ring system. It causes predictable myelosuppression, alopecia, nausea, and mucositis. In addition, it causes acute cardiotoxicity in the form of atrial and ventricular dysrhythmias, but these are rarely of clinical significance. In contrast, cumulative doses >550 mg/m2 are associated with a 10% incidence of chronic cardiomyopathy. The incidence of cardiomyopathy appears to be related to schedule (peak serum concentration), with low dose, frequent treatment, or continuous infusions better tolerated than intermittent higher dose exposures. Radiation recall or interaction with radiation to cause local site complications is frequent. The drug is a powerful vesicant, with necrosis of tissue apparent 4 to 7 days after an extravasation; therefore it should be administered into a rapidly flowing intravenous line. The drug is metabolized by the liver, so doses must be reduced by 50 to 75% in the presence of liver dysfunction. Daunorubicin is closely related to doxorubicin and was actually introduced first into leukemia treament, where it remains part of curative regimens and has been shown preferable to doxorubicin owing to less mucositis and colonic damage. Idarubicin is an orally acting doxorubicin analogue, whose ultimate place in therapy is uncertain.

Mitoxantrone is a synthetic compound that was designed to recapitulate features of doxorubicin but with less cardiotoxicity. It is quantitatively less cardiotoxic (comparing the ratio of cardiotoxic to therapeutically effective doses), but its status in therapy is unclear as doses of 150 mg/m2 have produced evidence of 10% incidence of cardiotoxicity; it also causes alopecia.

Most anthracyclines damage the heart muscle. A dose-dependent dropout of myocardial cells is seen on endomyocardial biopsy, and eventually ventricular failure ensues. About 5% of patients who receive >550 mg/m2 of doxorubicin will develop congestive heart failure (CHF). Coexisting cardiac disease, hypertension, advanced age, and concomitant therapy with thoracic radiation therapy or mitomycin may hasten the onset of CHF. Anthracycline-induced CHF is not readily reversible; mortality is as high as 50%, thus, prevention is the best approach. Mitoxantrone is a related drug that has less cardiac toxicity. Administration of doxorubicin by continuous infusion or encapsulated in liposomes appears to decrease the risk of heart damage. Dexrazoxane, an intracellular iron chelator, may protect the heart against anthracycline toxicity by preventing iron-dependent free-radical generation.

STUDIES:

1. doxorubicin-associated cardioyopathy and CCF are dose dependent
2. risk factors-

a. age >70 yrs

b. combination therapy (coadministration of paclitaxel or trastuzumab)

c. mediastinal DXT (previous or concomitant)

d. previous cardiac disease (coronary, valvular, or myocardial)

e. HT

f. Liver disease

g. Whole-body hyperthermia

-Gender doesn’t get a mention as a risk factor

-ECG changes:  initially can include various reversible arrhythmias (most common sinus tachy), later can see flattened T waves, prolonged QT interval, loss of voltage of R wave BUT all of these lack specificity, so shouldn’t be used as a monitoring tool, nor to assess risk of later damage

-although older age is a risk factor for the development of cardiotoxicity, the elderly are not denied treatment with doxorubicin

-paclitaxel is not given at the same time as doxorubicin – some centers use it as adjunctive treatment for breast ca

-what is definitely known is the close association between cumulative dose and later damage, so I think the answer is D.

