Overview of Cancer Chemotherapy
Highly responsive cancers:  Hodgkin’s lymphoma, Burkitt’s lymphoma

Responsive cancers:  acute pediatric leukemia, retinoblastoma, testicular cancer, osteogenic sarcoma

Moderately responsive cancers:  acute adult leukemia, breast/ovarian/prostate/small lung/colorectal
Minimally responsive cancers:  liver/pancreatic cancers, melanoma

Local treatments include surgery, chemotherapy, and radiation therapy (often the primary curative 
therapy for localized cancers, or as adjuvant therapy following surgery)

Systemic treatments include chemotherapy, immunotherapy, and hormone/GF therapies to 
antagonize trophic hormones such as estrogen.  For example, castration and anti-androgens 
are used to treat metastatic prostate cancer.
Pharmacology of antineoplastic drugs
Antineoplastic drugs target many qualitative cellular behaviors, such as a tendency to proliferate.  
Drugs can be cell cycle effectors, macromolecule enzymes/substrates, mitotic spindle 
poisons, nucleoside analogs, alkylating agents, antimetabolites or signal transduction 
inhibitors.
This is why other rapidly-growing tissues such as throat, intestine, and hair follicles are targeted.
Because many cancer behaviors are subtle tendencies, the therapeutic index of many neoplastics 
(LD50/ED50) is low, which means we have to dose near the dose-limiting toxicity for various 
organs (for example, nephrotoxicity from cisplatin).  This is also called the maximally 
tolerated dose, or MTD.  Using more drug is better when possible.
Log-linear kill kinetics of antineoplastic drugs
Many antineoplastics damage DNA, limit supply of DNA precursors, interfere with replication, or 
interfere with mitotic segregation.  Not surprisingly, cancer cells in the exponential growth 
phase are more sensitive to these drugs than are those in the plateau growth phase.

Cancer cell killing follows first-order kinetics, such that a specific dose kills a specific fraction of 
tumor cells regardless of tumor cell population.  This is why we operate, then use drugs.

This is called the fractional cell kill and underlies the log-linear kill kinetics of antineoplastic drugs.

(Raymond removed graphs of log-linear killing due to drugs of different potency and adjuvant therapy vs. surgery/radiation therapy.)

Norton-Simon Hypothesis
Accounts for observation that progressive improvements in drug response don’t change actual cancer 
survival.  Cancers exhibit Gompertzian growth kinetics, so that the treatment combo that 
achieves a higher kill response will be followed by more rapid regrowth.  Thus, differences 
in cancer killing efficacy are not reflected in cancer survival.

Antineoplastic drug resistance:  Goldie-Coldman hypothesis
Many metastatic cancers arise from a single cell, but by time of clinical manifestation, lots of tumor 
cell heterogeneity.  With each new division, new subclones arise, some of which develop 
resistance to drugs.  
ABC family drug transporters pump drugs out of cells, saving the cells.
Goldie-Coldman hypothesis predicts that drug resistant subclones arise at a rate related to the genetic 
instability.  Resistance is a process of selection.  Rate of development of drug resistance is 
independent of number of cells, but the absolute number of resistant cells is still greater.  


This hypothesis predicts, again, that you need to reduce number of cells surgically before drug 
treatment, as well as using a multi-drug regimen.  This reduces probability of developing 
resistance, and rapidly minimizes the cancer cell population to limit appearance of new 
resistant subclones.  


(Raymond removed graph showing kinetics under the Norton-Simon hypothesis.)

Luria-Delbruck showed this as experiment with adaptation/induction being inefficient, but 
mutation/selection as being very efficient.

(Raymond removed image depicting the Luria-Delbruck experiment.)
Activation of apoptosis pathways using drugs
Antineoplastic drugs often induce pro-apoptosis genes such as p53 in cancer cells that have mutated 
and lost p53.

Drugs also attack Bcl2 (?), which is overexpressed in cancers and promotes cell cycle arrest and 
DNA repair, thus thwarting chemotherapies such as alkylating agents.

Clinical principles underlying the use of antineoplastic drugs
Since antineoplastics kill proliferating cells, common toxicities damage to:


--bone marrow, causing low wbc (infection), low platelets (bleeding), low rbc (anemia)


--GI epithelium, causing oral/esophageal/gastric ulcers and diarrhea


--hair follicles, causing alopecia


--testes, causing infertility

Drugs such as alkylating agents damage DNA and are themselves carcinogenic.  Can lead to 
secondary cancers, especially acute myeloid leukemia (AML).
Because we’d like to use drug concentrations above the MTD if possible, we use adjuvant therapies 
such as G-CSF (a hematopoietic growth factor) to boost bone marrow production.
Cancers that are hard to kill may have slower kinetics and biochemical properties such as pumps that 
can detox or evade drugs.

