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• Archie Chocrane identified three concepts related to the 

evaluation of a medical technology – efficacy, effectiveness, 

and efficiency:

– Efficacy is the extent to which an intervention does more 

good than harm under ideal circumstances (i.e., in 

circumstances designed to maximize the effect of the 

intervention and eliminate confounding factors). (“Can it intervention and eliminate confounding factors). (“Can it 

work?”)

– Effectiveness is the extent to which an intervention does 

more good than harm when provided to real-world 

patients by physicians practicing in ordinary clinical 

settings. (“Does it work in practice?”)

– Efficiency measures the effect of an intervention in 

relation to the resources it consumes. (“Is it worth it?”)



Two Types of Evidence-Based Guidelines

• Process map of integrated interventions over time

– Addresses coordination of care

– Illuminates continuum of care

– Fewer references for each decision

• Exhaustive review of single issue

– Scope is more restricted

– May address single decision point

– Comprehensive review and analysis of literature
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Examples of measures of effectiveness

• Level of evidence 

• Probability of achieving a cure 

• Impact on survival (e.g., overall, disease-free, 

progression-free)progression-free)

• Impact on disease control 

• Impact on improving performance status 

• Impact on disease-related symptom control 



From “Marker” to “Test”

• Significant and independent value

• Validated by clinical testing

• Feasibility, reproducibility and widely 

available with quality control (robust)

• Performance should benefit the patient 

Ann Thor, ECOG, 2002



Clinical Utility

• Assay improves clinical decision-making and patient 
outcomes.

• Depends on the clinical situation,
availability of effective therapies, magnitude
of clinical benefit (or lack thereof) in one group versus 
another another 

• Relative value to patient, caregiver, and society place 
on the differences in benefits and risks

• Perceptions of these differences (patient, caregiver, 
society).
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Examples of Utility Questions

• Potential Clinical Utility
– Marker + → treatment A
– Marker  - → treatment B

• No Clinical Utility
– Marker + → treatment A– Marker + → treatment A

– Marker  - → treatment A
– + analytic validity + clinical validity but strongly 

correlates with established clinical or histopathologic
prediction

• Limited Clinical Utility
– + prognostic marker but no predictive correlation with 

intervention
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Challenges

• Common diseases may become rare subsets

– Trials with smaller numbers of patients probable

– Evidence may be more limited

– Reliance, in part, on databases including tumor – Reliance, in part, on databases including tumor 

banks for evidence

– Screening eligible populations

– Tissue: metastatic vs primary

– Tumor heterogeneity and multiple markers



Evidence-based Consensus Allows 

Comprehensive Guideline

Evidence-based guideline

Continuum of disease and patient care

High-level evidence exists

Gaps in evidence filled with expert consensus

Evidence-based consensus guideline
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NCCN Guidelines Cover the Continuum of Care  

• Provide a continuously updated fund of knowledge in the 
increasingly complex and evolving oncology space

• Process is highly structured and time intensive
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• Medical oncology
• Surgery/Surgical oncology
• Radiation oncology
• Hematology/Hematology oncology
• Bone Marrow Transplantation 
• Urology

• Nursing 
• Cancer genetics 
• Psychiatry, psychology
• Pulmonary medicine 
• Pharmacology/Pharmacy 

NCCN Clinical Practice Guidelines

Multidisciplinary Panels

• Bone Marrow Transplantation 
• Urology
• Neurology/neuro-oncology 
• Gynecologic oncology 
• Otolaryngology 
• Orthopedics/orthopedic oncology 
• Pathology
• Dermatology 
• Internal medicine
• Gastroenterology
• Endocrinology
• Diagnostic Radiology
• Interventional Radiology

• Pharmacology/Pharmacy 
• Infectious diseases 
• Allergy/immunology
• Anesthesiology 
• Cardiology
• Geriatric medicine
• Epidemiology 
• Patient advocacy
• Palliative, Pain management
• Pastoral care
• Oncology social work
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Evidence of Clinical Utility

NCCN Guidelines Panels require data supporting 

clinical utility for testing

– Data demonstrating that the biomarker affects 

treatment decisions
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treatment decisions

– Evidence that the biomarker can divide patients into 

specific clinically relevant subgroups

– Widespread availability of reliable testing



Level of Evidence Category* Validation Studies 

Availabile

I A None required

I B One or more with 

consistent results

II B None or 

inconsistent results

II C 2 or more with 

Determination of Levels of Evidence Using Elements of Tumor Marker Studies

II C 2 or more with 

consistent results

III C None or 1 with 

consistent results 

or inconsistent 

results

IV-V D N/A

JNCCN 2011

JNCI 2009

A= prospective

B=prospective using archived samples 

C=prospective/observational

D=retrospective/observational



NCCN Categories of Evidence and Consensus

Category 1: Based upon high-level evidence, there is uniform 

NCCN consensus that the intervention is appropriate.

Category 2A: Based upon lower-level evidence, there is uniform

NCCN consensus that the intervention is appropriate.

Category 2B: Based upon lower-level evidence, there is NCCN 

consensus that the intervention is appropriate.consensus that the intervention is appropriate.

Category 3: Based upon any level of evidence, there is major 

NCCN disagreement that the intervention is appropriate.

JNCCN 2011

JNCI 2009



Category

Trial Design

A

Prospective

B

Prospective Using Archived Samples

C

Prospective/Observational

D

Retrospective/Observational

Clinical trial PCT designed to 

address tumor marker

Prospective trial not designed to address 

tumor marker, but design accommodates

tumor marker utility

Prospective observational 

registry, treatment and 

follow-up not dictated

No prospective aspect to 

study

Patients and 

patient data

Prospectively enrolled, 

treated and followed 

in PRCT

Prospectively enrolled, treated, and followed 

up in clinical trial and, especially if a 

predictive utility is considered, a PRCT 

addressing the treatment of interest

Prospectively enrolled in 

registry, but treatment and 

follow-up standard of care

No prospective stipulation of 

treatment or follow-up; 

patient data collected 

through retrospective chart 

review

Specimen

collection, 

processing, 

and archival

Specimens collected, 

processed, and 

assayed for specific

marker in real time

Specimens collected, processed, and 

archived prospectively using generic SOPs, 

assayed after trial completion

Specimens collected, 

processed, and archived 

prospectively using generic 

SOPs

Specimens collected, 

processed, and archived with 

no prospective SOPs

Assayed after trial 

Use of Archived Tissues to Determine Clinical Validity of Tumor Markers

Assayed after trial 

completion

Statistical

design and 

analysis

Study powered to 

address tumor marker 

question

Study powered to address therapeutic

question and underpowered to address 

tumor marker question

Study not prospectively 

powered at all; retrospective

study design confounded by 

selection of specimens for 

study

Study not prospectively 

powered at all; retrospective 

study design confounded by 

selection of specimens for 

study

Focused analysis plan for maker question 

developed before performing assays

Focused analysis plan for 

maker question developed 

before performing assays

No focused analysis plan for 

marker question developed 

before performing assays

Validation Result unlikely to be 

play of chance

Result more likely to be play of chance than 

A, but less likely than C

Result very likely to be play 

of chance

Result very likely to be play of 

chance

Although preferred, 

validation not required

Requires one or more validation studies Requires subsequent 

validation studies

Requires subsequent 

validation studies

JNCCN 2011,JNCI 2009



Biomarker Molecular 

Compartment

Purpose Analytic Validity 

Demonstrated

Levels of 

Evidence

NCCN 

Category of 

Evidence

Markers with 

accepted clinical 

utility

KRAS mutations 

(except c.38G>A 

(p.G13D)]

Tumor DNA Predictive (negative for anti-EGFR

therapy), negatively prognostic in 

several first-line randomized 

studies  (Lynch)

Multiple methods: 

PCR, multiplex 

assays, direct 

sequencing

Predictive: 1B

Prognostic: IIB

2A

MSI and/or MMR 

protein loss

Tumor DNA 

for MSI testing 

with PCR;

Screening (lynch syndrome)

Prognostic (recurrence, overall 

survival)

PCR, IHC Screening: IB

Prognostic: IB

Predictive: IIB

2A

Current Molecular Biomarkers in Colon Cancer*

with PCR;

tumor IHC for 

MMR proteins

survival)

Predictive (lack of benefit, 

possibly worse outcome with 

adjuvant single-agent 

fluoropyrimidine therapy)

Predictive: IIB

CEACAMS (CEA) Patient serum Surveillance Immunoassay IIC 2A

BRAF c. 1799 > A 

mutation (p.V600E)

Tumor DNA Prognostic (strong negative 

prognostic marker)

Predictive? (negative for anti-

EGFR therapy)

Multiple methods: 

PCR, multiplex 

assays, direct 

sequencing

Prognostic: IB

Predictive: IIIC

2A

JNCCN 2011
*Note: references also provided for each marker















In Development

• To ensure access to appropriate testing as recommended by 

NCCN Guidelines

• Identify the utility of a biomarker to screen, diagnose, monitor, 

or provide predictive or prognostic information
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or provide predictive or prognostic information

• Discriminate between clinically useful biomarkers and those that 

are not yet clinically indicated



NCCN Guidelines Panels Existing 

Recommendations for Testing

Currently more than 800 biomarker

recommendations in NCCN Guidelines:

– Determine risk of disease  (BRCA-1/BRCA-2)

– Screening  (PSA for prostate)

– Diagnostic  (BCR/ABL in CML)– Diagnostic  (BCR/ABL in CML)

– Prognostic  (CA 19-9 in pancreas)

– Predictive  (ER/PR status in breast)

– Risk of toxicity  (UGT1A1*28 allele for irinotecan)

– Response/disease monitoring  (AFP; HCG in 

testicular)
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Specific 

Indication

Molecular 

Abnormality

Test 

Purpose

Methodology NCCN 

Level of 

Evidence

Specimen 

Types

NCCN 

Recommendation

Breast 

Cancer: DCIS 

Newly DX 

ER expression Prognostic

Predictive

IHC 2A FFPE tumor 

tissue

Positive result predicts 

responsiveness to 

hormone therapy in 

© NCCN All rights reserved.

Newly DX 

Stage I-IV

hormone therapy in 

invasive disease and 

possible prevention in 

DCIS

CML: 

Chronic 

Phase Adult 

CML

BCR-ABL 

t(9;22)

translocation

Diagnosis FISH 2A Bone 

marrow, 

peripheral 

blood

Philadelphia 

chromosome (BCR-

ABL, t(9;22) 

translocation is 

diagnostic for CML.  If 

bone marrow is not 

feasible…. 


