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I.
Introduction

A.
Chemoprevention (Lippman & Hawk 2009)
1.
Definition - delay, inhibition, or reversal of pre-invasive carcinogenesis by pharmacologic interventions 

B.
The ABCs of Prevention Trials 

1.
A - Agent

2.
B - Biomarker (to assess mechanisms underlying efficacy/toxicity)
3.
C - Cohort

4. D - Design

5. E - Endpoint (drives sample size/power estimates)

II.
Carcinogenesis - the Foundation

A.
Conceptual Models 

1.
Initiation/Promotion/Progression Model (1970-80's)

2.
Genetic/Multistep Model (1980-90's)
3.
Cancer stem cell model (2000’s)
B.
Key Mechanistic Principles

1.
Six or seven cardinal features of cancer (Hanahan & Weinberg, 2000; Garber 2006)


a.
Limitless replication

b.
Suppression of apoptosis - failure to selectively remove aberrant cells


c.
Self-sustained, progressive proliferation of aberrant clone beyond physiologic needs


d.
Insensitivity to anti-growth signaling


e.
Self-sustainied neoangiogenesis


f.
Invasion and metastasis

g.   
Energy deregulation?
2.
Driving force - violation of genetic and epigenetic fidelity resulting in genomic instability and progressive deviance/evolution

3.
Polychronotropism - multifocal or “field” carcinogenesis
C. Recognition as a Chronic Disease

6. Challenges our definitions of “health”? 

a.
Absence of clinical signs/symptoms

b. Absence of invasive cancer on directed exam

c.
Absence of preclinical cellular or tissue-level aberrations (i.e., cytologic atypia or preinvasive neoplastic lesions) on directed exam

d.
Absence of genetic alterations

III.
Agents

A.
Identification

1.
Epidemiologic leads 

a. Diet/lifestyle - e.g., vitamin A, selenium, folate 

b. Therapeutic agents - e.g., tamoxifen, finasteride, NSAIDs

2.
Experimental leads

c. Nonspecific screening in in vitro/in vivo efficacy models

d. Mechanistic targeting - e.g., EGFR, COX, VEGF or estrogen receptor inhibition

e. Mechanistic structure-function assays - e.g., COX-2 inhibition 

B.
Sources

1.
Foods - micronutrients, vitamins, minerals

2.
Synthetics - vitamin derivatives, COX/LOX inhibitors, selective estrogen modulators, difluoromethylornithine (DFMO), oltipraz, farnesyl transferase inhibitors, EGFR inhibitors

C.
Mechanistic Classification

1.
Inhibit genetic damage - endo-/exogenous

f. Inhibit carcinogen uptake/exposure (e.g., calcium-soap hypothesis)
g. Inhibit carcinogen activation (e.g., inhibit Phase I enzymes)

h. Enhance detoxification (e.g., induce Phase II enzymes - sulforaphane)

i. Scavenge free oxygen radicals (e.g., react with activated electrophiles)

j. Prevent DNA binding

7. Repair structural/functional genetic defects

k. Enhance endogenous repair (e.g., vanillin, T4NV endonuclease)

l. Restore proper methylation (e.g., folate, aza-deoxycytidine)

m. Gene/protein replacement (e.g., suppressor gene replacement - p53)

8. Eliminate damaged cells/clones

n. Induce selective apoptosis

1) Induce further DNA damage (e.g., cis-platin)

2) Promote differentiation and cellular aging (e.g., retinoids)

3) Activate apoptosis effector cascades directly (e.g., NSAIDs, sulindac sulfone)

b.
Enhance immunosurveillance

9. Suppress growth and clonal evolution

o. Slow/stop proliferation (e.g., inhibit polyamine production/oncogene expression)

p. Inhibit angiogenesis 
q. Inhibit invasion (e.g., matrix metallloproteinase inhibitors)

D.
Characteristics of the”ideal” agent

1.
High therapeutic index - the key to preventive drug development

r. High local:systemic concentration - oral or topical administration

s. Mechanistic specificity

t. Dosing based on dynamic, tissue-based pharmacodynamics



2.   Convenient (e.g., oral, rather than intravenous; once daily, rather than QID)



3.   Competitive pricing of the whole regimen

E.
Challenges and Controversies

1.
Is there a completely “non-toxic”, completely safe agent?
2.
Is chronic administration always necessary?
3.   Is the sequential phase I, then phase II trial approach reasonable? Most early development requires a combined phase I/II approach that titrates dose to efficacy and toxicity concurrently
IV.
Biomarkers

A.
A function of mechanistic insights into the carcinogenic pathway within a given tissue

1.
Environmental Epidemiologic Model

External Exposure ( Internal Dose ( Biologically Effective Dose ( Early Biologic Response ( Altered Structure/Function or Subclinical Disease ( Clinical Disease

10. Genetic/biologic Model 

DNA ( RNA ( Protein ( Organelle ( Cell ( Tissue

B.
Definitions

1.
Biomarker - Any biologic phenomenon that marks an event of interest

2.
Intermediate Endpoint - A biomarker on or intimately associated with the causal pathway between an exposure and the resulting disease. Potential applications:

a.
Marker of exposure/risk

          

b.
Elucidate pathogenic mechanisms - target

c.
Marker of preventive/therapeutic response - a possible surrogate for downstream events or outcomes 

3.
Surrogate Endpoint Biomarker (SEB) - in the context of a cancer prevention trial, an SEB is an intermediate endpoint that may serve as a “valid” replacement for later events of clinical significance (e.g., morbid procedure, cancer incidence, cancer-related mortality, overall mortality)
C.
Surrogate Endpoint Biomarkers (SEBs) in Chemoprevention Trials

1.
Benefits - improved trial efficiency

u. Reduces the number of subjects required for adequate power

v. Reduces time to completion

w. Limits resources (i.e., personnel, dollars, etc.) required for the study
x. Minimizes “losses or delays in other developmental opportunities” - to test other hypotheses, agents, strategies, endpoints, etc.

11. Examples: related to the level of biologic organization, structural/functional nature of assay, and the timing of sampling (each higher level is a function of those below it)

y. Organism - metastatic adenocarcinoma of esophagus
z. Organ - adenocarcinoma of esophagus

aa. Tissue - intraepithelial neoplasia (specialized intestinal metaplasia, low/high grade dysplasia), expansion of the proliferative compartment

ab. Cell - cytologic atypia, aberrant proliferation/apoptotic index

ac. Organelle - nuclear pleomorphism; increased N/C ratio

ad. Macromolecule - LOH of 17p, 3p mutation/deletions
ae. Molecule (at the DNA, RNA, protein level) - lack of functional p53 or ras
3.
Selection of SEBs  

a.
The “ideal” biomarker would have the following characteristics:

4) Accessible via in vivo measurements or from small, ex vivo samples taken in a clinically-standardized, representative, non-invasive (e.g., imaging) or minimally-invasive manner from asymptomatic or minimally symptomatic individuals at risk

2)
Measured by standardized, accurate, and reproducible assays

5) Differential expression in normal and high-risk tissues

6) Strong association with neoplastic progression...accurate and reliable predictor of invasive disease (i.e., a “risk” biomarker validated against cancer incidence in a natural history setting)

7) Modulable by one or more promising interventions

8) Modulation predicts clinical benefit/risk reduction (e.g., a “response” biomarker - response to intervention is validated against cancer incidence/mortality or another clinically-beneficial outcome)

9) Relatively inexpensive/cost-effective as a whole

4.
Have any intermediate endpoints been “validated”? Are there really any SEBs that can be used in drug development for cancer prevention?

af. Pre-invasive neoplastic lesions have achieved a reasonable level of validation as markers of risk, markers of preventive response in many organs and clinical settings 
10) Established risk biomarker - in all epithelial tissues, identification correlates with an increased risk for concurrent/future invasive cancer

11) Established response biomarkers - usually requires demonstration of risk reduction with one or more clinical interventions (e.g., screening/surveillance followed by incisional biopsy, excision, chemopreventive drug or some combination of these). Therefore validated well enough to drive standards of care, third-party remuneration, regulatory approval, and public policy. Experimental studies generally support the status of pre-invasive neoplasia as reasonable response biomarkers or targets for preventive intervention, although none are perfect or entirely satisfactory
ag. Examples (preinvasive neoplasia - invasive cancer)

12) Colorectal adenomas (esp. advanced adenomas) - colorectal adenoCA

13) Actinic keratoses - SCCA of skin

14) Cervical intraepithelial neoplasia - SCCA of cervix 

15) Bladder dysplasia - TCCA of the bladder 

16) Ductal carcinoma in situ - breast adenoCA

17) Oral dysplasia - oral SCCA

18) Barrett’s intestinal metaplasia with high-grade dysplasia - esophageal adenoCA

19) Prostatic intraepithelial neoplasia - prostate adenoCA

20) Dysplastic nevi - melanoma

21) Bronchial dysplasia - lung carcinoma

22) MGUS - myeloma

D. Challenges and Controversies

12. What is the definition of, and pathway to achieve, an “acceptable level of validation?”
13. When acceptable validation of a marker has been achieved with one agent, can that marker be assumed valid with other agents? 

14. Priorities in application - mechanistic insights versus “approvable” endpoints, or both

15. Statistical issues - multiple comparisons, mega-multivariate modeling

16. Standardized sampling
V.
Cohorts

A.
Settings

17. Primary prevention - general (average-risk) population

18. Secondary prevention - screened cohort with elevated risk; patients with preinvasive neoplastic lesions
19. Tertiary prevention - cohort with current/prior neoplasia or cancer (clinically-evident)

B.
Challenges

1.
Cohort identification, recruitment, and retention

ah. Invasive procedures for risk characterization - e.g., colonoscopy, bronchoscopy, biopsies

ai. May not have a routine or accepted screening technique - e.g., lung cancer 
aj. Limited, if any, payment for screening by third-party payors
2.
Adherence

ak. Endoscopic/invasive evaluations can be expensive, uncomfortable, and inconvenient
al. Agent regimen

23) Drop-outs

24) Drop-ins (for screening tests and agents routinely available OTC)

3.
“Adequate” informed consent - what does it look like?
VI.
Prevention Trial Design and Results to Date

A.
“Treatment” vs “Prevention” - Are designs unique and different, or more similar than typically recognized? 

E. Characteristics of Developmental Phases

20. Phase I - initial safety, single- and multi-dose pharmacokinetics (it is rare that any early-phase trial is purely focused on safety, with dose escalation to toxicity in cancer chemoprevention; much more usual to be a combined phase I/II approach)
21. Phase IIa - uncontrolled short-term safety and preliminary efficacy against a putative SEB

22. Phase IIb - controlled (often against a placebo, if no standard care approach exists) short-term safety and preliminary efficacy against a putative SEB

23. Phase III - longer-term, “definitive” efficacy against a validated endpoint that challenges current standards of care, including safety assessments in a sizeable cohort; primary endpoints may include regression of preinvasive neoplasia, reduction in preinvasive neoplastic lesions and/or cancer incidence

24. Phase IV - post-marketing safety

F. Primary efficacy endpoints for phase II/III clinical prevention trials
25. SEB modulation

26. Regression of dysplasia

27. Suppression of neoplasia (dysplasia and/or second primary cancers) following surgical resection of initial lesion

28. Prevention of neoplasia (dysplasia and/or invasive cancer)

D.
Major Clinical Trial Results to Date

1.
Preventive

a.
UADT

25) Hong 1986 - 13cRA leukoplakia regression

26) Hong 1990 - 13cRA carcinoma prevention

27) Lippman 1993 - 13cRA + beta-carotene leukoplakia prevention



28) Benner 1993 - vitamin E leukoplakia regression

am. Lung

29) Gouveia 1982 - etretinate metaplasia regression

30) Mathe 1982 - etretinate metaplasia regression

31) Saccomanno 1982 - 13cRA sputum atypia regression

32) Misset 1986 - etretinate metaplasia regression

33) Heimburger 1988 - folate and vitamin B12 sputum atypia regression

34) Pastorino 1993 - retinol palmitate carcinoma prevention

35) Clark 1996 - selenium carcinoma prevention
36) Lamm 2002 - anethole dithiolthione bronchial dysplasia progression
37) Kurie 2003 - 9-cis retinoic acid bronchial metaplasia reduction

an. Bladder (natural overlap with adjuvant treatment)

38) Lamm 1985 - BCG carcinoma prevention

39) Lamm 1994 - multivitamin carcinoma prevention

40) Lamm 2000 - BCG carcinoma recurrence-free survival

ao. Prostate 

41) ATBC 1994 - vit E carcinoma prevention

42) Clark 1996, 1998 - selenium carcinoma prevention

43) SWOG 2003 - finasteride carcinoma prevention (reduced prevalence but, increased grade)
44) AUA presentation 2009 – dutasteride carcinoma prevention (http://www.medicalnewstoday.com/articles/148557.php)
ap. Breast 

45) Fisher 1998 - tamoxifen carcinoma prevention

46) IBIS 2002 - tamoxifen carcinoma prevention

47) Powles 1998 - tamoxifen carcinoma prevention

48) Veronesi 1998 - tamoxifen carcinoma prevention





5)   Cummings 1999 - raloxifene carcinoma prevention (secondary endpoint)




6)   Vogel 2006 (STAR Trial) - Raloxifene carcinoma prevention (primary endpoint)

aq. Cervix

1)   Meyskens 1994 - ATRA dysplasia regression

2)   Koutsky 2002 - HPV-16 vaccine CIN prevention

3)   Bell 2000 - indole-3-carbinol CIN regression

4)   Harper 2006 - HPV vaccine CIN prevention



g.
Stomach

1)   Correa 2000 - beta-carotene or ascorbic acid-associated metaplasia regression


h.   Colon 

1)
Giardiello 1993 - sulindac adenoma regression in FAP

2)
Clark 1996 - selenium carcinoma prevention

3)
Baron 1999 - calcium adenoma prevention

4)
Steinbach 2000 - celecoxib adenoma regression in FAP

5)
Baron 2003 - aspirin adenoma prevention

6)
Sandler 2003 - aspirin adenoma prevention

7)
Benamouzig 2003 - aspirin adenoma prevention (one year result)

8)
Women’s Health Initiative 2002 - estrogen and progestin colorectal cancer

9)
Logan 2008 - aspirin adenoma prevention 

10)
Bertagnolli 2006 - celecoxib adenoma prevention 

11)  Arber 2006 - celecoxib adenoma prevention

12)  Baron 2006 - rofecoxib adenoma prevention
13)  Meyskens 2008 - sulindac + DFMO adenoma prevention

i.
All sites/gastric 

1)
Blot 1993 - beta-carotene + selenium + vit E carcinoma prevention


2.
Null

a.
UADT

1)
Bolla 1994 - etretinate carcinoma prevention

2)
vanZanwijk 2000 - N-acetylcysteine or retinyl palmitate survival/second primaries 

3)
Kurie 2000 - fenretinide bronchial meta-/dysplasia regression

4)
Kurie 2003 - 9-cis retinoic acid, isotretinoin + alpha-tocopherol bronchial metaplasia reduction 

5)   Papadimitrakopoulou 2008 - celecoxib OPL regression

b.
Lung

b. Arnold 1992 - etretinate sputum atypia regression
b. Lee 1994 - 13cRA metaplasia regression





3)   McLarty 1995 - retinol, beta-carotene sputum atypia regression

4)
Hennekens 1996 - beta-carotene carcinoma prevention

5)
Lippman 2001 - isotretinoin second primary cancer prevention

c.
Cervix 

1)   Childers 1995 - folate CIN prevention

2)   Ruffin 2003 - all-trans retinoic acid CIN regression

3)   Alvarez 2003 - 9-cis retinoic acid CIN regression




d.   Esophagus

1)
Munoz 1985 - riboflavin, retinol, and zinc dysplasia prevention 

2)
Zaridze 1993 - retinol, beta-carotene, vitamin E or riboflavin dysplasia prevalence 

3)
Li 1993 - multivitamin carcinoma prevention
4)
Limburg 2005 - celecoxib squamous dysplasia
5)
Heath 2007 - celecoxib Barrett’s dysplasia

e.   Colon

1)
Gann 1993 - aspirin adenoma prevention

2)
Greenberg 1994 - beta-carotene or vitamins C + E adenoma prevention





3)   Alberts 2000 - fiber adenoma prevention





4)   Schatzkin 2000 - healthy diet adenoma prevention





5)   Bonithon-Kopp 2000 - calcium or ispaghula husk adenoma prevention
6)   MacLennan 1995 - low fat diet or wheat bran or carotene or combinations adenoma recurrence





7)   Alberts 2003 - ursodiol adenoma prevention





8)   Giardiello 2002 - sulindac FAP adenoma incidence




f.    Skin





1)   Greenberg 1990 - beta-carotene carcinoma prevention




2)
Tangrea 1992 - isotretinoin basal cell cancer incidence





3)
Levine 1997 - retinol or isotretinoin skin cancer incidence




g.
Endometrial 

1)
Women’s Health Initiative 2002 - estrogen and progestin replacement uterine cancer




h.   Prostate





1)
Lippman 2009 – selenium or vitamin E or both cancer prevalence prevention




i.
All sites





1)
Hennekens 1996 - beta-carotene cancer incidence and cancer mortality



3.   Harmful

ar. Lung





1)   ATBC 1994 - beta-carotene (+ alpha tocopherol) carcinoma prevention





2)   Omenn 1996 - beta-carotene (+ retinyl palmitate) carcinoma prevention

      b.   Breast

1)
Women’s Health Initiative 2002 - estrogen and progestin replacement breast cancer
c.   Colon

      1)   Cole 2007 - folate adenoma recurrence

VII. Example of Specific Drug Development for Chemoprevention

G. NSAIDs/COXIBs in colon adenoma prevention

VIII.Challenges to Successful Application of Chemoprevention

A.
Risk/benefit ratio

1.
Safety concerns 



a.
Tamoxifen - uterine cancers, thromboembolic risks



b.
Finasteride - high-grade prostate cancers



c.
Celecoxib - serious cardiovascular events

B.
Difficulty in acceptance of a “no-effect” model

C.
Identification of cohorts often requires invasive, un-reimbursed screening

D.
Marginal participation by the pharmaceutical industry

E.
Diversity of interested professionals - subspecialists, oncologists, generalists

F.
Public perceptions

IX. Driving Forces Behind the Chemopreventive Approach

A.
Greater insights into the biology of carcinogenesis - opportunities for improved mechanistic targeting


B.   Relative resistance to therapeutic interventions applied later in disease
C.   Improved identification of high-risk cohorts via technologic improvements in screening and progressive understanding, acceptance, and utilization by providers and general population; greater reimbursement by third-party payors
D.   Research into a broader array of potential chemopreventive agents

E.
History of preventive interventions for chronic disease - e.g., cardiovascular disease, infectious diseases
F.
Reduction in morbidity of older cohorts and increasing longevity of the population due to advances in addressing competing causes of death
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