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The Mathematics of Cancer




Cancer as a Disease

Uncontrolled exponential growth of mutated
cell [monoclonal].

Induced by genetic mutations in host cells.

Inheritance of certain genes can alter risk.

Environmental influences alter genetic
mutation rates.

Most cancers increase in incidence with age.




Tumor Growth

Growth of tumors dependent upon rates of
proliferation and death.

Rates of proliferation important in response

to therapy.

Not all cells are actively cycling.

Doubling times typically around 2 months.
Rate of growth does not increase over time.




Tumors as Clonal Populations

Cancers are monoclonal [derived from a
single cell]

Theoretically to eradicate a tumor all cells
must be killed

However ...




What is a Tumor?

Mass of cells derived from a single cell
[monclonal].

Blood vessels, inflammatory [immune] cells.

Tumor 1 cm in size has 1 billion [10°] cells
S 30 doublings [1024 = 103 = 210:10° = 230]
Tumor 10 cm in size has 1,000 billion [1014]

cells
S Additional 10 doublings.







The Systemic Treatment
of Cancer




Systemic Therapy
How Do We Give It?

Intravenous administration.

S
S

Oral administration.
Direct installation - site specific




Systemic Therapy
How Do We Give It?

Basic issue in drug delivery is [small] therapeutic
index

Close to lethal toxicity so ...

S




Kinetics of Tumor Growth

Skipper’s Laws:
S

S

S




Systemic Therapy
Why do we give it?

Treating advanced (not resectable)
disease

After potentially curable local treatment
(adjuvant)

Primary therapy for localized cancer
(neoadjuvant)

To prevent cancer occurring.




Goals of therapy

#1. Cure the patient.

Established cancers reliably cured by chemotherapy
Testicular Cancer, Lymphoma, Pediatric tumors

#2. Control the cancer.

(>50% remissions)

Small cell lung cancer, Ovarian cancer, Leukemia, Hormonal therapy of
prostate cancer.

(30-50% remissions)

Non-small cell lung cancer, Bladder, Breast and Colorectal cancer
(<10% remissions)

Pancreatic cancer, Liver cancer, Kidney cancer

Acceptability of toxicity is inversely proportional to likelihood and
magnitude of expected benelit,




Palliative Effects of Chemotherapy

1 Chemotherapy may shrink the tumor, provide relief
of symptoms and lead to improvement.

1 Chemotherapy may cause toxicity which leads to
deterioration.

Benefits of tumor Toxicity of
growth delay therapy

Y \

Improvement

Deterioration




» Dose-Response Curve

Dose Intensity

After this point,
increasing doses
do not produce
a stronger effect

Effect of drug

Rationale:
S More is better [in vitro]

However Dose of g
S Disease and drug specific
S Toxicity will increase
S Depends on goals of therapy

Poorly understood and
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Combination Chemotherapy

Rationale:
S




Types of systemic therapy.

Chemotherapy [cytotoxic therapy]

Hormonal therapy
S

Immune therapy
S

‘Molecular’ or ‘Targeted’ therapies
S




Types of systemic therapy.

Chemotherapy [cytotoxic therapy] — a
functional classification.

S




Nitrogen Mustard

Alkylating Agents.
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Complications/ Toxicity.

Acute toxicities

S

Chronic toxicities
S

Late toxicities

S




The New Way...

Targeted Therapies




Novel targets in cancer therapy

A greater understanding of cancer biology has identified
a number of potential novel approaches to cancer
therapy:

» Cell Signaling

» Apoptosis and cell death

» Agents directed at tumor vasculature

e Cell cycle inhibitors

 Replicative-selective adenovirus; Gene therapy
« Differentiation agents

» Antisense oligonucleotides

* Immunostimulants; Vaccines




What do the new therapies look
like?

Targeted against a specific feature of the
cancer.

S

S

Chronic continuous therapies.




GI Stromal Tumors and c-kit

Rare mesenchymal gut neoplasms [5000 per year]
Resistant to XRT, chemotherapy.

Median survival of advanced disease - 12 months.
C-Kit: 145 Kd transmembrane glycoprotein.

Kit protein normally expressed in.

S

S

Expressed in limited number of tumors.
S
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STI571 (Imatinib;Gleevac)

Selective tyrosine kinase inhibitor. - BCR-ABL [CML] as
well as PDGF, KIT.

Inhibits phosphorylation of KIT leading to apoptosis.
Studies initiated in advanced GIST’s expressing c-KIT

Best Response

400 mg S00 Mg

All pts
n = 44 n = 41

86
Partial response-n (%) 22 (S0) 28 (68) SO (59)
Stable disease-n (%) 12 (27) 10 (24 22 (26)
Progression-n (%6) 9 (21) 2 (5) 11 (13)




Pre- and Post-STIS71
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How to develop drugs?

1960/70’s
S

S
1980

S

1990
S
S

2000
S




Drug Development
Conventional Cytotoxics

More is better - treat to maximally tolerated
dose [MTD].

Phase I - define MTD, toxicity profile,
pharmacokinetics, ? Any activity.

Phase II - what is the remission rate?

Phase III-compare to standard care




Drug Development
Targeted Therapy

More may not be better - treat to maximal
biological effect.

Phase I - define dose, toxicity profile,
pharmacokinetics, target effects.

Phase II — Disease control rather than remission.

Phase I1I-Add to current therapies.




Summary

Cancer is a disease of uncontrolled cell
proliferation.

Drug treatment of cancer




