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Appendix 1:  Example of Regulatory Approvals for Direct Targeted Risk Reduction 

Drugs 

The Example of Celecoxib for Colon Cancer (from results of a single phase 2b trial ) 

 Celecoxib has a known molecular target (COX-2). Non-COX targets may also 

contribute to the effect. In 1999, FDA granted accelerated marketing approval for 

Celecoxib "to reduce the number of adenomatous colorectal polyps in familial 

adenomatous polyposis (FAP) as an adjunct to usual care" (FDA, December 23, 1999). 

The rationale for testing a specific COX-2 inhibitor in FAP is based on mechanistic data 

and preclinical efficacy studies, as well as epidemiologic and clinical intervention 

investigations (for reviews, see (1 - 3). This supporting evidence includes the observation 

that COX isoenzymes are overexpressed in colorectal adenomas and tumors (4 -12). 

Targeted deletion of the COX-2 gene prevents colorectal cancer in animals, and 

celecoxib as well as other selective COX-2 inhibitors (e.g., JTE-522, NS-398, MF 

tricyclic, nimesulide, and rofecoxib) are also effective in preclinical models (13-20). In 

addition, substantial epidemiologic evidence supports a 40–50% protective effect of 

NSAIDs (primarily aspirin) against colorectal carcinogenesis (see [21-26] and more than 

30 additional studies reviewed in [25, 27, 28]). A number of studies have also shown that 

the NSAID sulindac regresses adenomas in FAP patients (reviewed in [29]). In a study of 

21 FAP patients, rofecoxib (25 mg qd for nine months) modestly reduced rectal polyp 

number (9.9% decrease) and size (21.7% decrease) (30).  

 The Subpart H approval was based on a randomized, double-blind, placebo-

controlled study of 83 FAP patients in which 400 mg bid celecoxib for six months 

significantly reduced adenoma number by 28% (P=0.003 compared to the 4.5% 

reduction with placebo) (29). In addition, this celecoxib dose significantly reduced 

adenoma burden (the sum of adenoma diameters) by 30.7% (P=0.001 compared with 

the 4.9% reduction with placebo). In patients receiving 100 mg bid celecoxib, reductions 

in adenoma number and burden were 11.9% and 14.6% (P=0.33 and P=0.09 for the 

comparison with placebo, respectively). A blinded physicians' assessment indicated a 

qualitative improvement in the colon and rectum, and to a lesser extent in the duodenum, 

of treated subjects (13).  

 Post-marketing studies to show the clinical benefit of celecoxib in FAP are 

ongoing. These include a two-part phase 2 study to evaluate safety and FAP phenotype 
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suppression in genotype-positive children, and a phase 2 study to determine whether 

greater efficacy against adenomas and other manifestations of FAP can be achieved by 

combination of celecoxib with the antiproliferative agent 2-difluoromethylornithine. A 

separate phase 2 study is evaluating the biomarker-based efficacy of celecoxib in 

hereditary non-polyposis colorectal cancer patients, a cohort in whom no data are yet 

available regarding the effect (adverse or beneficial) of any potential colorectal cancer 

chemopreventive agent.  

 The prevalence of the disease FAP clearly falls under the required maximum 

prevalence of 200,000 to qualify for orphan disease status and remains of high interest 

for those developing drugs and seeking Orphan Drug status. However, the developers of 

celecoxib did not apply for Orphan status for celecoxib in FAP patients, probably 

because celecoxib was already approved for the labeled indication for FAP patients and 

there was every expectation that it would be approved for preventing sporadic 

adenomas. It should be clear that Orphan Drug status only provides exclusivity for the 

developer (for a defined period), and does not provide an approval to market a drug for 

an approved indication. This approval process still requires the developer to establish 

acceptable safety and efficacy in a defined population for the drug to be marketed. 

 This positive result in patients with FAP supported the hypothesis that celecoxib 

would be effective in preventing sporadic adenomas and provided important information 

for selecting potentially effective doses (400 and 800 mg/day). New adenomas occur 

within one to three years post-resection in approximately 30% of patients with sporadic 

colorectal adenomas (or cancers) . These patients are screened routinely at one- to five-

year intervals, undergoing colonoscopies with removal of clinically apparent new lesions. 

Prevention and/or regression of subclinical adenomas and hyperplastic colorectal 

mucosa reduce the development of clinically apparent adenomas and supplements 

clinical benefit obtained by screening (which routinely results in missed polyps). In 2002, 

the FDA Gastrointestinal Drugs Advisory Committee estimated that clinical effectiveness 

could be shown by a statistically meaningful 35% reduction in adenoma incidence, or a 

15–20% increase in patients without adenomas, compared with placebo three years after 

initial polypectomy. Successful treatment of this at-risk epithelium could also potentially 

provide benefit by increasing the screening interval, thereby decreasing associated 

morbidity and lowering health care costs. For example, adenoma reduction would include 
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a 25–50% reduction in colonoscopy complications (which are primarily associated with 

polypectomy). Risks of perforation on colonoscopy and sigmoidoscopy are estimated at 

1.96 and 0.88 per 1,000 procedures, respectively (31). Perforation is, in turn, associated 

with an approximately nine-fold increased risk of death from either procedure.  

 Results of two celecoxib studies, both showing significant efficacy, were published 

recently. In the Adenoma Prevention with Celecoxib (APC) study (23), adenoma 

incidence at three years was reduced to 43.2% in patients receiving 400 mg/day 

celecoxib and 35.7% in patients treated with 800 mg/day, compared with 60.7% in the 

placebo group. The similar Prevention of Colorectal Sporadic Adenomatous Polyps 

(PreSAP) study (24) found adenoma incidence at three years was reduced to 33.6% in 

the celecoxib group compared with 49.3% in the placebo group. As with selective 

estrogen receptor modulators (SERMs), chronic safety concerns are challenging the 

potential utility of selective COX-2 inhibitors (32, 33). Both studies showed > 2-fold 

increased risk of cardiovascular events (including myocardial infarction, stroke, and heart 

failure), and a trend to dose-related increases in these events and to increased blood 

pressure (32). Further analyses are on-going to identify subpopulations at reduced 

cardiovascular risk and to assess the efficacy of dose-reducing regimens. 

 

The Example of Raloxifene in Breast Cancer (from serial phase 3 trial results) 

 The FDA approved the SERM tamoxifen for reducing breast cancer risk in 1999 

based on results of the Breast Cancer Prevention Trial, a randomized, placebo-controlled 

clinical trial in 13,388 women 35–70 years old, with risk greater than or equal to that of a 

60-year old without breast cancer (35, 36). This trial was well designed, with a strong 

scientific hypothesis based on the role of estrogen signaling in breast cancer, and the 

already approved use of the drug as a treatment for late stage breast cancer and as an 

adjuvant treatment for preventing second breast cancers or cancer recurrence. Despite 

significantly reduced risks of breast cancer and ductal carcinoma in situ (DCIS), 

physicians and women in the target population have not subsequently embraced 

tamoxifen. For example, among 350 primary care physicians surveyed in the US, only 96 

(27.4%) prescribed tamoxifen for breast cancer prevention at least once within a year of 

the survey (36). For many women, potential side effects such as uterine cancer, 

thromboembolic events and cataracts, as well as quality of life issues such as hot flashes 
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and weight gain, outweigh what appears to be a small reduction in cancer risk. In one 

study, only two (4.7%) of 43 eligible women elected to take tamoxifen for prevention (38). 

In a follow-on study in > 19,000 postmenopausal women with an increased risk of 

developing breast cancer within five-years, another SERM, raloxifene, was equivalent to 

Tamoxifen in reducing breast cancer incidence, but showed fewer side effects (39). 

However, raloxifene did not reduce the incidence of DCIS for reasons that are not yet 

clear. 

 The sponsor filed for and obtained Orphan Drug status for raloxifene before its 

NDA for the labeled indication was approved, as is the usual sequence for a sponsor 

seeking Orphan Drug approval. The Orphan status was approved presumably because 

the sponsor was able to demonstrate reasonable expectation that the cost of developing 

and making raloxifene available for women at high risk of developing breast cancer 

would not be recovered by sales in the U.S. 
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Appendix 2 Example of Cancer Risk Reduction by Immunologic Agents 

 

Human Papilloma Virus Vaccines as an Example of Cancer Risk Reduction by 

Immunologic Agents 

 The identification of chronic infection by one of ~15 sexually transmitted human 

papilloma viruses as etiologic for the transformation of the squamo-columnar cervix 

epithelium provided an opportunity to prevent cervical cancer (1). Two vaccines, one 

produced by GSK (Cervarix) and the second produced by Merck (Gardasil), have notable 

differences. The GSK vaccine is bivalent, containing virus-like particles from HPV16 and 

HPV18, the two types found in 70% of cervix cancers world-wide. The vaccine uses a 

proprietary adjuvant, AS04, consisting of aluminum salts monophosphoryl lipid A. 

Merck’s vaccine is quadravalent, containing virus-like proteins from HPV types 6, 11, 16, 

and 18, and uses a simple aluminum salt adjuvant. HPVs 6 and 11 cause 90% of 

cutaneous genital warts. For this reason, the quadrivalent vaccine targets two distinct 

hyperproliferative diseases (2-4).  

 Both vaccines are remarkably effective in preventing persistent HPV infections 

and low- (Grade 1) and high- (Grade 2 and 3) grade CIN (5,6). Two phase 3 multi-center 

international trials of the tetravalent (Merck) vaccine involved 15,057 women aged 15 to 

26 years, with endpoints of preventing HPV16- or HPV18-related CIN 2/3 and 

adenocarcinoma in situ (FM). In women with no evidence of relevant vaccine HPV type 

(by HPV PCR and serology) who received all three doses of the vaccine, the tetravalent 

vaccine has high efficacy (96.9%; 95% CI 81.3%–99.9%) against incident infection HPV-

16 and HPV-18 endpoints, sustained for up to 4.5 years (7). The vaccine also has 

efficacy against cervical intraepithelial neoplasia lesions (100%; 95% CI 42.4%-100%) 

associated with vaccine type. The vaccine does not protect against persistent infection, 

CIN, or genital warts in females who were infected at the time of vaccination. The 

vaccine partially cross-protects for incident infections with HPV-45 and HPV-31, the third 

and fourth most common HPV types associated with cervical cancer (2,8).  

 To date, few safety issues have been documented, although public concern has 

risen over several deaths and adverse events occurring post-vaccine (8). In 83% of 

Merck vaccine administrations and 73% of placebo injections, recipients had injection 

site erythema, pain, and swelling with severe intensity more often reported in the vaccine 



 A-10
 

recipients. Fever, headache, and nausea were reported in a similar proportion of vaccine 

and placebo recipients. One case of bronchospasm, one case of gastroenteritis, one 

case of headache with hypertension, and one case of vaginal hemorrhage occurred. The 

Merck vaccine affects pregnancy outcomes compared to the placebo arm (2,4). 

 The vaccine was approved using HPV viral infection as a surrogate biomarker 

endpoint for risk of neoplastic transformation of the cervix. Such a biomarker is valid 

based upon the extensive data demonstrating the causal role of HPV in squamous cell 

cervical carcinogenesis. This endpoint reduced the time and expense of providing 

sufficient safety and efficacy data to the FDA for regulatory review. The safety data were 

sufficient to merit approval of a cancer risk reduction as well. Thus, the immuno-

prevention experience can inform the regulatory process for other cancer risk reductions.  

 This experience provides strong rationale for continued development of immuno-

preventive approaches targeting known viruses or other immunogenic pathogens thought 

to be causal in carcinogenesis. The risk-benefit ratio favors use of a vaccine. A clearly 

defined surrogate biomarker, HPV viral infection, rather than a neoplastic event provided 

a rapid endpoint that can be readily assayed with current technologies.  

 

Immunologic Prevention 

Major infective carcinogens include the human hepatitis viruses, hepatitis B virus 

(HBV) and hepatitis C virus (HCV) for hepatocellular carcinoma (9), Helicobacter pylori 

for gastric adenocarcinoma (10), human papilloma viruses (HPV) in cervix, anus, vulva, 

penis, and oral cavity and pharynx (2), herpes virus-8 for Kaposi’s sarcoma (11), and 

schistosomes for bladder carcinoma (12). A mass vaccination program against HBV 

launched in Taiwan in 1984, when 15–29% of the population were estimated to be HBV 

carriers and incidence of hepatocellular carcinoma was very high, especially in children. 

This is an outstanding example, after 25 years, of an effective cancer immuno-prevention 

strategy (13). The HBV carrier rate among children born after 1987 is now close to zero 

(14) and in parallel, the rate of hepatocellular carcinoma has declined to insignificant 

levels (15). The effectiveness of the HBV vaccine correlates highly with successful 

elicitation of immunity against the virus. Recent development of effective HPV vaccines 

represents another major advance in cancer immunoprevention (15). Induction of 

immunity to HPV proteins contained in the vaccine has correlated with an effective 
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prevention of infection and clearance of cervical epithelial neoplasia (CIN). The success 

of HPV and HBV vaccines in reducing the incidence of epithelial neoplasia of the cervix 

and liver cancer, respectively, demonstrates the potential of immuno-cancer risk 

reduction for epithelial targets for which an infectious etiologic agent can be identified.  

For the majority of human cancers, infectious etiology has not been determined. 

However, numerous cancer-associated antigens, as candidates for vaccines, have been 

identified (16). In preclinical animal model studies, induction of immune responses to 

many of these antigens prevents cancer growth without causing toxicity (17,18). In 

patients diagnosed with cancer, evidence has been obtained that preexisting immunity to 

some of these antigens correlates with better disease outcome (19) or reduced cancer 

risk (20), as does induction of immune responses to these antigens through vaccines 

(21-25).  

Passive immunotherapy, i.e., infusion of antibodies that recognize cancer-

associated antigens, is already an effective FDA-approved cancer therapy (26-28). 

Cancer vaccines based on some of the same antigens or on several other antigens with 

a superior safety profile can induce cancer-specific antibodies and T cells expected to 

last a lifetime. As with HBV and HPV vaccines, the potential of cancer vaccines to lower 

lifetime risk of cancer in high-risk individuals and overall cancer incidence in the general 

population will have to be determined over a period of 10–20 years. However, their ability 

to generate an immune response can be measured efficiently in phase 2a trials, and as 

with risk reduction drugs, their effects on IEN can be assessed in phase 2b trials 

analogous to those designed for drugs.  

While many other cancer prevention agents require development of new 

biomarkers of their activity, cellular and humoral immune responses generated by a 

vaccine are established, time-tested functional biomarkers of effectiveness of all vaccines 

(29-31). However, the effectiveness of cancer vaccines in preventing cancer will require 

long term follow up of immunized persons.    
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Appendix 3: An updated clinical developmental pathway to regulatory approval – 
some practical guidelines (prepared by M. Kakarala and D. Brenner, U. Michigan) 
 Although the issues surrounding the early phase development  for 

chemoprevention of cancer have been discussed in detail elsewhere, including 

information gleaned from experience with a drug in the intervention of patients with 

cancer, several specific adaptations  are emphasized here within phases 1, 2,  

 

Phase 1 Trial  

 Phase 1 cancer risk reduction trials define an optimal dose that might be 

considered for administration to a population over a long time period (years). An optimal 

cancer risk reduction dose is usually non or low-toxic, scheduled once daily, and 

modulates a tissue, cellular, or serum biomarker that is a direct mechanistic target of 

action of the intervention (for example, the dose of aspirin that inhibits prostaglandin 

production in a target tissue site). Definition of a maximal tolerable dose should not be 

essential, and indeed is an undesirable endpoint of phase 1 cancer risk reduction trials. 

Higher but non-toxic doses may reduce the efficacy of risk reduction. For example, beta-

carotene at high doses in two large trials had pro-oxidant activity and enhanced the 

carcinogenesis process (1), while at low doses this compound may well be a potent 

antioxidant and differentiating agent (2).  

 Phase 1 designs employing a classical Fibonacci-type escalation with three 

subjects per dose level are inefficient, expensive, and do not identify optimal doses or 

maximum tolerated doses for individuals or populations. Newer Bayesian based designs, 

employing time-to-event and continual reassessment monitoring (3), may permit more 

efficient approaches to optimal dose identification. Such strategies depend on rapid 

throughput analytical methods that then feed back to toxicity and dose data. Alternatively, 

dose de-escalation strategies permit phase 1 trials to identify optimal doses on the basis 

of biomarker changes from a maximum dose known to have acceptable risk. These 

strategies (and perhaps others) may be useful rather than a one-size-fits-all design. 

 For regulatory purposes, an acceptable cancer risk reduction goal in phase 1 

should be to identify a dose of the candidate drug that modulates a tissue or circulating 

biomarker, indicating that the intervention has reached a cellular target and that toxicity is 

acceptable using the NCI Common Toxicity Criteria; the number of acceptable events 

depend on the seriousness of the indication. Such biomarker-driven early phase trial 
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designs rely upon Good Laboratory Practice quality analytical methods in addition to 

standard Good Clinical Practice. 

 

Phase 2 Cancer Risk Reduction  

1.Short-term Phase 2a Risk Reduction Trials with Molecular or Biochemical Biomarker 

Endpoints 

 Phase 2 cancer risk reduction trials should begin to define risk reduction efficacy. 

These short- to medium-term (one month to three year) treatment periods gather 

evidence of risk reduction by assessing the effect of cancer risk reduction on tissue, 

cellular, or blood biomarkers reflective of the carcinogenesis biologic process. Phase 2a 

trials are short term (one to six months), usually non-randomized, biomarker modulation 

trials. In Phase 2a, modulation of tissue, cellular or blood biomarkers directly targeted by 

the risk reduction drug provides evidence of mechanistic efficacy.  

 Phase 2a trials may re-interrogate different doses of a cancer risk reduction, using 

a larger portfolio of biomarkers as endpoints. As such, novel designs such as Bayesian-

driven time-to-event, continual reassessment monitoring designs, or dose de-escalation 

designs (3) may more efficiently yield higher quality biomarker modulation data than 

currently used escalation designs. 

 The results of phase 2a cancer risk reduction clinical trials alone are insufficient 

for regulatory approval. However, consistent results in phase 2a provide a basis for 

longer term trials that move a drug along the pathway.  

The major purpose of phase 2a trials should be to demonstrate that the candidate 

risk reduction drug modulates a mechanistically relevant marker in the relevant tissue in 

the predicted manner. Without such data, proceeding to a larger and longer, randomized 

phase 2b trial is problematic. 

2. Phase 2b With Endpoint of IEN and/or Biomarker Risk Reduction  

 Phase 2b randomized, placebo-controlled trials of a cancer risk reduction drug 

represent a major investment in a hundred (e.g., oral leukoplakia) to a thousand (e.g., 

colon polyps) or more subjects over a one- to three-year period, with an endpoint 

focused on a dysplastic epithelium (usually an IEN). These trials test the hypothesis that 

a drug will decrease recurrence of a pathologic endpoint. Such trials also may 
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incorporate molecular or biochemical biomarkers that would provide a preliminary basis 

for developing a surrogate endpoint for regulatory purposes in the future.  

The use of such trials as the general basis for regulatory approval for cancer risk 

reduction remains controversial because the relationship of progression of an IEN or 

other biomarker endpoint to frank invasive malignancy varies greatly among IENs and is 

not highly predictable for an individual. If the majority of IENs do not progress to invasive 

neoplasm, then such lesions may not be acceptable as surrogate biomarkers for 

regulatory approval. Nevertheless, BCG was approved for carcinoma in-situ (CIS) of the 

bladder several decades ago (4), celecoxib was approved for reduction in the number of 

colorectal polyps, as an adjunct to standard care, in patients with FAP (5), and Photofrin 

for management of Barrett’s esophagus more recently (6). Provisional regulatory 

concurrence, an approval with a sunset provision based on generation of further phase 3 

data, may permit acceptance of favorable modulation of a particular IEN as a surrogate 

for cancer incidence. Such a regulatory approach will have the benefit of permitting 

commercial use of cancer risk reduction drugs at an earlier time than previously allowed 

(7). The approach will permit dissemination of potential cancer risk reduction drugs into 

broader clinical practice while encouraging investment in and completion of phase 3 

cancer risk reduction trials, a strategy that has been highly successful in developing 

pharmacologic risk reduction for cardiovascular diseases. 

 However, the risk standard of cancer risk reduction in a phase 2b trial remains 

undefined, which is not unexpected, since the range of risk for disease is broad. Based 

on the paradigm in Figure 2, we might consider a graded set of risk endpoints for a given 

preventive indication. Such a standard might permit more frequent Grade 3 toxicity in 

individuals with high genetic risk while imposing stricter toxicity standards for individuals 

with a lower lifetime risk of cellular transformation. Phase 2b trials should also generate 

data that begin to link molecular endpoints with pathologic surrogate biomarker outcomes 

as well. Such data may eventually be used to validate biomarkers as surrogate endpoints 

for cancer incidence. If such validation data can be generated, then future regulatory 

decisions might employ molecular biomarkers as the primary approval criterion.  

We suggest that regulatory approval should be expanded to include an 

accelerated approval mechanism that permits the labeling and use of cancer risk 

reduction drugs on the basis of large randomized phase 2b trials if predetermined 
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efficacy goals (as defined in collaboration with regulatory agency input, on a case-by-

case basis) have been met and toxicity is acceptable for the cohort at risk.  

  

Risk Benefit in Development of Phase 3 Cancer Risk Reduction  

 Phase 3 chemoprevention trials define risk reduction as a hard cancer endpoint 

such as cancer incidence or mortality. Such trials using large high-risk populations in a 

randomized, double blinded intervention are designed to identify a standard of preventive 

care for a given risk population. Trials of BCG for reducing bladder carcinoma in situ, 

tamoxifen for reducing breast cancer incidence, finasteride for reducing prostate cancer 

incidence, and beta-carotene for reducing lung cancer incidence have served as 

examples of well-conducted, definitive phase 3 chemoprevention clinical trials. Some 

investigators consider randomized, controlled clinical trials with a tissue-based IEN 

biomarker surrogate endpoint sufficient for regulatory review as phase 3. Using such a 

definition, a clinical trial with an endpoint of reduction in adenoma recurrence is 

considered a phase 3 trial. For example, a 28% reduction of polyp recurrence in patients 

with FAP led to regulatory approval of celecoxib in this high-risk cohort, as discussed 

above (6). For sporadic colorectal adenomas, a 35% decrease in polyp incidence or a 

20% increase in polyp-free survival at three years in the active drug arm versus placebo 

was considered as acceptable efficacy for approval by an FDA Gastrointestinal Advisory 

Committee in 2002 (see Appendix 2) However, excessive cardiovascular toxicity 

precluded the approval of Celecoxib for the reduction of sporadic ademomas. In contrast, 

the favorable risk-benefit profile for Raloxifene has allowed its approval for the risk 

reduction of breast cancer. 
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    Appendix 4 Biomarker Issues in Cancer Risk Reduction Development and Therapeutic Index  
Table 1. Prototype "evidence map"—categorical description of different types of scientific 
evidence potentially relevant to biomarker qualification; subcategorical graded weight of 
evidence from least to most (from (1) with permission)  

Evidence type Grade D Grade 
D+/C- 

Grade C Grade C+/B- Grade B Grade B+/A- Grade A 

Theory on 
biological 
plausibility 

Observed 
association 

only 

Theory, 
indirect 

evidence of 
relevance of 

the 
biomarker 

from animals 

As for lower 
grade but 

evidence is 
direct 

Theory, 
indirect 

evidence of 
relevance in 

humans 

Theory, direct 
evidence in 

humans, non-
causal pathway 

possible 

As for lower 
grade, but 

biomarker on 
causal path 

Human evidence 
based 

mathematical 
model of biology 

showing 
biomarker is on 
causal pathway 

Interaction with 
pharmacologic 
target 

Biomarker 
identifies 

target in in 
vitro binding 

  Biomarker 
identifies 

target in in 
vivo binding 
in animals 

Biomarker 
identifies target 

in in vivo 
studies or from 
human tissue, 

no truth 
standard 

 Biomarker 
identifies target in 
in vivo studies or 
from tissues in 
humans, with 
accepted truth 

standard 

Pharmacologic 
mechanistic 
response 

In vitro 
evidence 
that the 

drug affects 
the 

biomarker 

In vitro 
evidence that 

multiple 
members of 

this drug 
class affects 

the 
biomarker 

In vivo 
evidence that 

this drug 
affects 

biomarker in 
animals 

As for lower 
grade but 

effect shown 
across drug 

class 

Human 
evidence that 

this drug affects 
the biomarker 

OR animal 
evidence of 
specificity 

Human 
evidence 

across this 
mechanistic 
drug class 

Human evidence 
that multiple 

members of this 
drug class affect 

the biomarker and 
the effect is 

specific to this 
class/mechanism 

Linkage to 
clinical outcome 
of a disease or 
toxicity 

 Biomarker 
epidemiologic

ally 
associated 

with outcome 
without any 
intervention 

Biomarker 
associated 

with change 
in outcome 

from 
intervention in 
another drug 

class 

As for lower 
grade but in 

this drug class 

As for lower 
grade but 

multiple drug 
classes albeit 

inconsistent or 
a minority of 
disease effect 

 As for lower grade 
but consistent 
linkage and 

explains majority 
of disease effect 

Mathematics 
replication, 
confirmation 

 An algorithm 
is required to 
interpret the 
biomarker 
and was 

developed 
from this 
dataset 

 Algorithm was 
developed 

from a 
different 

dataset and 
applied here 
prospectively 

  Algorithm 
developed from 

different dataset, 
replicated 

prospectively in 
other sets and 

applied 
prospectively here 

Accuracy and 
precision 
(analytic 
validation) 

   Sources of 
technical 

variation are 
unknown but 

steps are 
taken to 
ensure 

consistent 
test 

application 

Major sources 
or variation 
known and 

controlled to be 
less than 
biological 
signal; 

standardization 
methods 
applied 

 All major sources 
of technical 

imprecision are 
known, and 
controlled 
test/assay 
accuracy is 

defined against 
standards 

Relative 
performance 

 Does not 
meet 

performance 
of 

benchmark 

 Similar 
performance 
to benchmark 

  Exceeds 
performance of 
benchmark or 

best alternative 
biomarker 

 Not all types of evidence required all seven grades to be completed. 
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Biomarker Issues in Cancer Risk Reduction Development and Therapeutic Index 

 The NCI’s Definitions Working Group defined a biomarker to be a characteristic 

that is measured and evaluated as an indicator of normal biologic processes, pathogenic 

processes, or pharmacologic responses to therapeutic interventions (2). A surrogate 

endpoint for cancer prevention assumes that a measured biological feature will predict 

the presence or future development of a cancer outcome (3). The primary motivation for 

development of such surrogate endpoints concerns the ability to diagnose cancer at an 

early stage, to identify individuals at high risk for cellular transformation, and to enable 

reduction in the size and duration of an intervention trial by replacing a rare or distal 

endpoint with a more frequent, proximate endpoint (4).  

 Although many advocate the use of IEN-based biomarkers as regulatory surrogate 

endpoints, others caution that IEN may not serve as sufficiently robust surrogate 

biomarkers for cancer incidence or mortality (5). Biomarkers may also be derived from 

biological products, such as a protein, gene, or quantitative cellular process used to 

predict cancer diagnosis or risk (6), for example, CA-125 for ovarian cancer and alpha-

fetoprotein for hepatocellular cancer and testicular cancers.  

 In order to be useful as endpoints for risk reduction as a regulatory endpoint, any 

biomarker must have statistical accuracy, precision and effectiveness of results (7, 8) 

that demonstrates prediction of a “hard” disease endpoint—a cancer incidence or 

mortality endpoint. The validation dataset must address defined standards of validation, 

avoiding and accounting for overfitting and bias. The biomarker must be generalizable to 

the specific clinical or screening population. Future progress in linking the genetic 

changes in neoplastic progression with biologically important functional consequences 

will provide improved biomarkers, interventional targets, and strategies (8).  

 



 A-22
 

References 
 
1. Altar CA, Amakye D, Bounos D, Bloom J, Clack G, Dean R, Devanarayan V, Fu D, Furlong S, 

Hinman L, Girman C, Lathia C, Lesko L, Madani S, Mayne J, Meyer J, Raunig D, Sager P, 

Williams SA, Wong P, Zerba K. A prototypical process for creating evidentiary standards for 

biomarkers and diagnostics. Clin Pharmacol Ther 2008;83:368–71. 

2. De Gruttola VG, Clax P, DeMets DL, Downing GJ, Ellenberg SS, Friedman L, Gail MH, Prentice R, 

Wittes J, Zeger SL. Considerations in the evaluation of surrogate endpoints in clinical trials. 

summary of a National Institutes of Health workshop. Control Clin Trials 2001;22:485–502. 

3. Schatzkin A, Freedman LS, Schiffman MH, Dawsey SM. Validation of intermediate end points in 

cancer research. J Natl Cancer Inst 1990;82:1746–52. 

4. Prentice RL. Surrogate endpoints in clinical trials: definition and operational criteria. Stat Med 

1989;8:431–40. 

5. Schatzkin A. Problems with using biomarkers as surrogate end points for cancer: a cautionary tale. 

Recent Results Cancer Res 2005;166:89–98. 

6. Sidransky D. Emerging molecular markers of cancer. Nat Rev Cancer 2002;2:210–9,. 

7. Feinstein A. (1996). "Multivariable Analysis: An Introduction." Yale University Press, New Haven, 

CT. 

8. Ransohoff DF. Rules of evidence for cancer molecular-marker discovery and validation. Nat Rev 

Cancer 2004;4:309–14. 

 


