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Guidelines and Clinical Outcomes

“Clinicians armed with appropriate assessments 
and the best evidence-based practice guidelines 
can reduce some of the unpleasant and frequent 

side-effects that often accompany cancer and side-effects that often accompany cancer and 
chemotherapy treatment, obtain the best possible 
clinical outcomes, and avoid unnecessary costs”

Statement from CMS, August 2005
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Perspective of the American Society of Clinical Oncology

Clinical Practice Guideline
Recommendations1Recommendations1

1 Clinical Practice Guidelines We Can Trust, Institute of Medicine, 2011



Evidence Summary2

• Systematic Review
• Inclusion/Exclusion

Guideline Development
Perspective of the American Society of Clinical Oncology

Clinical Practice Guideline
Recommendations1

• Inclusion/Exclusion
• Data Extraction
• Quality Appraisal

Recommendations1

1 Clinical Practice Guidelines We Can Trust, Institute of Medicine, 2011
2 Finding What Works in Health Care: Standards for systematic reviews, Institute of Medicine, 2011
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Molecular Diagnostics
• Multiplicity
• Rapidly emerging data• Inclusion/Exclusion

• Data Extraction
• Quality Appraisal

Recommendations1 • Rapidly emerging data
• Analytic/Clinical Validity
• Clinical Utility

1 Clinical Practice Guidelines We Can Trust, Institute of Medicine, 2011
2 Finding What Works in Health Care: Standards for systematic reviews, Institute of Medicine, 2011
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• Inclusion/Exclusion
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Clinical Practice Guideline
Recommendations1

Molecular Diagnostics
• Multiplicity
• Rapidly emerging data• Inclusion/Exclusion

• Data Extraction
• Quality Appraisal

Recommendations1 • Rapidly emerging data
• Analytic/Clinical Validity
• Clinical Utility

Rapid Learning3

• Real time
• Decision Support

1 Clinical Practice Guidelines We Can Trust, Institute of Medicine, 2011
2 Finding What Works in Health Care: Standards for systematic reviews, Institute of Medicine, 2011
3 ASCO CANCER.LINQ in development



Evidence Summary2

• Systematic Review
• Inclusion/Exclusion

Guideline Development
Perspective of the American Society of Clinical Oncology

Clinical Practice Guideline
Recommendations1

Molecular Diagnostics
• Multiplicity
• Rapidly emerging data

Quality & Costs
• Quality Measures4

• Rapid SR5

• Regimen Guide6

• Inclusion/Exclusion
• Data Extraction
• Quality Appraisal

Recommendations1 • Rapidly emerging data
• Analytic/Clinical Validity
• Clinical Utility

Rapid Learning3

• Real time
• Decision Support

1 Clinical Practice Guidelines We Can Trust, Institute of Medicine, 2011
2 Finding What Works in Health Care: Standards for systematic reviews, Institute of Medicine, 2011
3 ASCO CANCER.LINQ in development
4 ASCO Quality Oncology Practice Initiative (QOPI)
5 ASCO Pilot Rapid Systematic Review in progress
6 Point-of-care guide on regimen benefit, toxicity and costs



ASCO Guidelines:  History

• Board of Directors votes to establish HSRC (Now CPGC) in 1993

• First ASCO guideline published in 1994

• Clinical Tools & Resources derived from guidelines added in 2005

• 3rd most important benefit after JCO and annual meeting

• Recent measures to improve guideline scope and timeliness

– Annual systematic review updates

– Endorsement procedure including methodology review approved in 2006– Endorsement procedure including methodology review approved in 2006

– Collaborations with other professional organizations:  CCO; CAP; SGO

– Provisional clinical opinion (PCO) to offer more timely response to emerging data

– Clinical evidence review (CER)

– Consensus process based on a formal, modified Delphi technique.

• Recent measures to increased dissemination and utilization

– Additional clinical tools and resources

– Practice Guidelines Implementation Network (PGIN) to promulgate recommendations 



1. Is the burden/importance of the condition/intervention large 
enough to warrant guideline development?

2. Is there uncertainty or controversy about the effectiveness or 
safety of available clinical strategies for the condition?

3. Is there sufficient variation in practice in the management of a 

Proposing a ASCO guideline topic

3. Is there sufficient variation in practice in the management of a 
given condition or use of intervention?

4. Is there sufficient scientific evidence of good quality to allow 
development of guideline?

5. Is there potential for:
• impact on clinical decision-making
• impact on clinical outcomes
• reduction in practice variation



ASCO Clinical Practice Guidelines
Complex Development Process
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Eight Institute of Medicine Standards

� Transparent process
� COIs managed/disclosed
� Multidisciplinary expert panels
� Based on rigorous systematic reviews
o Ratings for strength of evidence and strength of o Ratings for strength of evidence and strength of 

recommendation
� Standardized and clear format

o Standardized and clear verbiage of 
recommendations

� External review
o Public comment

o Updating plan



APPROPRIATE CHEMOTHERAPY APPROPRIATE CHEMOTHERAPY 
DOSING FOR OBESE ADULT 

PATIENTS WITH CANCER

Clinical Practice Guideline



Search Results: QUOROM Diagram

Potentially relevant abstracts 

identified by electronic searching 

and screened for retrieval (n = 913)

Articles retrieved for 

full text review (n=148)

Articles excluded 

after full text review 

(n=767)

("neoplasms"[MeSH Terms] OR "neoplasms"[All Fields] OR "cancer"[All Fields] OR tumor [All Fields] OR 
tumour[All Fields] OR oncolog*[All Fields] OR myeloma*[All Fields] OR lymphoma*[All Fields] OR (Hodgkin*[All 
Fields] OR lymphoma[All Fields] OR "NHL"[All Fields] OR carcinom*[All Fields] OR adenocarcinom*[All Fields])) 
NOT (leukemia [All Fields]) AND (dose [All Fields] OR dosing [All Fields]) AND ("drug therapy"[Subheading] OR 
"drug therapy"[All Fields] OR "chemotherapy"[All Fields] OR "drug therapy"[MeSH Terms] OR ("drug"[All Fields] 
AND "therapy"[All Fields])) AND ("obesity"[MeSH Terms] OR "obesity"[All Fields] OR "obese"[All Fields] OR “body 
weight” [All Fields] OR “body weight” [MeSH Terms] OR "overweight"[MeSH Terms] OR "overweight"[All Fields] 
OR "overweight"[All Fields] OR (“over”[All Fields] and “weight”[All Fields])) AND (((randomized controlled trial[pt] 
OR controlled clinical trial[pt] OR randomized controlled trials[mh] OR clinical trial[pt] OR "clinical trial"[tiab] OR 
"clinical trials"[tiab] OR clinical trials as topic[mh] OR controlled clinical trials as topic[mh] OR randomized 
controlled trials as topic[mh] OR clinical trials, phase II as topic[mh] OR clinical trials, phase III as topic[mh] OR 
clinical trials, phase IV as topic[mh] OR clinical trial, phase II[pt] OR clinical trial, phase III[pt] OR clinical trial, 
phase IV[pt] OR random allocation[mh] OR “random allocation”[tiab] OR “randomly allocated”[tiab] OR double-
blind method[mh] OR single-blind method[mh]) OR ((random[tiab] OR randomly[tiab] OR randomized[tiab] OR 
randomised[tiab] OR randomization[tiab] OR randomisation[tiab]) AND (clinical[tiab] OR control[tiab] OR 
controlled[tiab] or control groups[mh])) OR ((single[tiab] OR single-[tiab] OR double[tiab] OR double-[tiab] OR 
triple[tiab] OR triple-[tiab] OR multi[tiab] OR multi-[tiab] OR evaluator[tiab] OR assessor[tiab] OR interviewer[tiab]) 
AND (mask[tiab] OR masked[tiab] OR masking[tiab] OR blind[tiab] OR blinded[tiab] OR blinding[tiab])) OR 
((placebos[mh] OR placebo[tiab] OR placebos[tiab] OR random[tiab] OR randomly[tiab] OR randomized[tiab] OR 
randomised[tiab] OR randomization[tiab] OR randomization[tiab]) AND (research design[mh] OR “comparative 
study”[tiab] OR comparative study[pt] OR evaluation studies as topic[mh:noexp] OR evaluation studies[pt] OR 
“evaluation study”[tiab] OR “evaluation studies”[tiab] OR validation studies as topic[mh] OR follow-up studies[mh] 
OR “follow-up study”[tiab] OR “follow up study”[tiab] OR “follow-up studies”[tiab] OR “follow up studies”[tiab] OR 
prospective studies[mh] OR prospective[tiab] OR epidemiologic research design[mh] OR epidemiologic 
methods[mh] OR epidemiologic study characteristics as topic[mh] OR epidemiologic studies[mh] OR intervention 
studies[mh] OR cross-over studies[mh]))) NOT (clinical trial, phase I[pt] OR clinical trials, phase I as topic[mh]) OR 
((meta-analysis[pt] OR meta-analysis as topic[mh] OR “meta-analysis”[tiab] OR “meta analysis”[tiab] OR “meta-

Articles that met 

selection criteria for 

data extraction (n=56)

Articles excluded 

after full text review 

(n=92)

Additional articles recommended by 

Panel members or identified by hand-

searching (n=8 on morbidly obese, 

excluded) (n= 4 other papers, excluded)

(n=767) analyses”[tiab] OR “meta analyses”[tiab] OR “meta-analyzed”[tiab] OR “meta-analysed”[tiab] OR “meta 
analyzed”[tiab] OR “meta analysed”[tiab] OR (meta[tiab] AND analysis[tiab]) OR (meta-[tiab] AND analysis[tiab])) 
OR ((critical[tiab] OR critically[tiab] OR systematic[tiab] OR systematical[tiab] OR systematically[tiab] OR evidence-
based[tiab] OR “evidence based”[tiab]) AND (review[pt] OR review[tiab] OR reviews[tiab] OR reviewed[tiab] OR 
appraise[tiab] OR appraises[tiab] OR appraised[tiab] OR appraisal[tiab] OR assess[tiab] OR assesses[tiab] OR 
assessed[tiab] OR assessment[tiab] OR evaluate[tiab] OR evaluates[tiab] OR evaluated[tiab] OR evaluation[tiab] 
OR critique[tiab] OR critiques[tiab] OR analysis[tiab] OR analyses[tiab] OR analyzed[tiab] OR analysed[tiab])) OR 
((evidence-based[tiab] OR “evidence based”[tiab]) AND (guideline[tiab] OR guidelines[tiab] OR 
recommendation[tiab] OR recommendations[tiab] OR consensus[mh] OR consensus[tiab] OR consensuses[tiab])) 
OR (review[pt] OR review literature as topic[mh] OR consensus development conference[pt] OR consensus 
development conference, NIH[pt] OR consensus development conferences as topic[mh] OR consensus 
development conferences, NIH as topic[mh] OR “consensus development”[tiab] OR health planning guidelines[mh] 
OR guideline[pt] OR practice guideline[pt] OR practice guidelines as topic[mh] OR “practice guideline”[tiab] OR 
“practice guidelines”[tiab] OR health planning guidelines[mh] OR "standard of care"[tiab] OR “evidence-based 
medicine”[tiab] OR “evidence based medicine”[tiab] OR “evidence-based care” OR “evidence-based practice”[tiab] 
OR cochrane database syst rev[ta] OR acp j club[ta] OR health technol assess[ta] OR clin evid[ta]) NOT (case 
reports[pt] OR case report[tiab] OR editorial[pt] OR editorial[tiab] OR letter[pt] OR newspaper article[pt])))



Dissemination: Publications

Full Guidelines 
Recommendations

JCO Publication

Available on Website

Supplemental files at website



Slide Sets: asco.org/guidelines







Types of Biomarker Prognostic and Predictive Studies

1. Phase I: Exploratory Association Studies 
(derivation)

2. Phase II: Confirmatory Association Studies 
(validation)

3. Phase III: Comparative Effectiveness Studies 

a. Randomized: guided vs. unguided controls

b. Nonrandomized: guided vs. unguided concurrent controls

c. Nonrandomized: guided  vs. historical controls

Altman and Lyman, Breast Cancer Res Treat, 1998



Levels of Evidence

Level Definition
I Prospective, Marker Primary Objective,

Well-powered trial or meta-analysis

II Prospective, Marker Secondary Objective

MOST BIOMARKER STUDIES

III Retrospective, Outcomes, Multivariate Analysis

IV Retrospective, Outcomes, Univariate

V Retrospective, Correlation with Other Marker
No Outcomes

Hayes, et al; JNCI 88:1456, 1996



Personalized Medicine in Cancer Diagnosis and Treatment
Biomarkers and Cancer Treatment

• Source studies 

– RCTs or large prospective cohorts

– Appropriate control groups

– Clinically relevant endpoints of efficacy and safety

– Biomarker results available on most patients

• Analytic validity
– Biomarker importance biologically plausible 

– Good assay performance characteristics

– Measurement blinded to study outcomes

Analytical 
Validity

Ability of the test to yield 
consistent results

Clinical Validity Ability to predict outcome

Clinical Utility

Risk 
classification

Percentage of patients 
reclassified based on test

Therapeutic 
choice

Percentage of patients 
where treatment altered

Patient 
outcome

Effect on outcomes, eg, 
LE, AEs, quality of life

Economic Cost benefit and cost-

• Clinical validity

– Biomarker subgroups & planned analysis prespecified

– Adequate power 

– Adjust for known prognostic/predictive factors

– Drug-biomarker interaction

• Clinical Utility 

– Reclassification

– Decision impact

– Impact on outcomes (Benefit and Harm)

– Improved value compared to standard of care

Validity effectiveness



©College of American Pathologists 2006 ©American Society of Clinical Oncology 2006

Guideline Recommendations for HER2 Testing in 
Breast Cancer ASCO/College of American Pathologists     

Practice Guideline Recommendations



Result 

Category

IHC Score
HER2 Protein Expression

FISH Score
HER2 Gene Amplification

Positive 3+** HER2/CEP 17 ratio >2.2, or
Average HER2 gene copy number >6§§§§

Equivocal 2+
HER2/CEP 17 ratio of 1.8 – 2.2, or

Average HER2 gene copy number 4 – 6§§§§

Negative 0 – 1+
HER2/CEP 17 ratio <1.8, or

Average HER2 gene copy number <4§§§§

**Defined as uniform intense membrane staining of >30% of invasive tumor cells
§§§§Signals/nucleus for those test systems without an internal central probeBreast cancer specimen (invasive component)

HER2 testing by validated IHC 
assay for HER2 protein 

expression

©College of American Pathologists 2006 ©American Society of Clinical Oncology 2006

expression

Equivocal for HER2 
protein expression IHC 2+

Test with validated assay for 
HER2gene amplification

Equivocal HER2gene amplification 
(Patients with HER2/CEP17 ratio ?2.0 

were eligible for the adjuvant 
trastuzumab trials)

Positive for HER2 
protein expression IHC 3+ 

Positive for HER2

gene amplification

Negative for HER2 
protein expression 

IHC 0 or 1+

Negative for HER2
gene amplification



©College of American Pathologists 2006 ©American Society of Clinical Oncology 2006

American Society of Clinical Oncology (ASCO)/
College of American Pathologists (CAP) 

Guideline Recommendations for Immunohistochemical Testing of 
Estrogen/Progesterone Receptors in Breast Cancer



ASCO Guidelines for Tumor Markers in Patients with Breast Cancer

Not Recommended Recommended

CA 15-3, CA 27.29 
(Circulating)

Screening, diagnosis, staging, 
prognosis, or surveillance.  Using 
alone for monitoring.

For monitoring patients with metastatic disease during 
active therapy, in conjunction with diagnostic imaging, 
history, and physical exam.

CEA (Circulating) Screening, diagnosis, staging, 
prognosis, or surveillance.  Using 
alone for monitoring.

For monitoring patients with metastatic disease during 
active therapy, conjunction with diagnostic imaging, 
history, and physical exam.

ER (tissue), PgR (tissue) For women with DCIS who are 
candidates for hormonal therapy.

For diagnosis, treatment planning – on every primary 
invasive breast cancer and on metastatic lesions if 
would influence treatment planning.

DNA Flow Cytometry-based 
proliferation (tissue)

Screening, diagnosis, staging, 
prognosis, surveillance, or monitoring.

Ki67, Cyclin D, Cyclin E, 
p27, p21, thymidine kinase,  
topoisomerase II, or other 
markers of proliferation
(tissue)

Screening, diagnosis, staging, 
prognosis, surveillance, or monitoring.

HER2 (tissue) Screening, diagnosis, staging, 
prognosis, surveillance, or monitoring.  

For treatment planning, identification of patients who 
may benefit from trastuzumab and/or from 

Not Recommended Recommended

P53 (tissue) Screening, diagnosis, staging, prognosis, 
surveillance, or monitoring.

Cathepsin D (tissue) Screening, diagnosis, staging, prognosis, 
surveillance, or monitoring.

uPA and PAI-1 
(tissue)

Screening, diagnosis, staging, surveillance, 
or monitoring.

To determine prognosis.  For treatment planning.  To 
guide use of CMF-based adjuvant chemotherapy.

©College of American Pathologists 2006 ©American Society of Clinical Oncology 2006

prognosis, surveillance, or monitoring.  
Should not be used to withhold or 
select one specific type of endocrine 
treatment. Not to Guide use of 
adjuvant taxane treatment.

may benefit from trastuzumab and/or from 
anthracycline-based adjuvant therapy.

Circulating Extracellular 
Domain of HER2

Screening, diagnosis, staging, 
prognosis, surveillance, or monitoring.  

(tissue) or monitoring. guide use of CMF-based adjuvant chemotherapy.

Cyclin E Fragments 
(tissue)

Screening, diagnosis, staging, prognosis, 
surveillance, or monitoring.

Proteomic Analysis 
(tissue)

Screening, diagnosis, staging, prognosis, 
surveillance, or monitoring.

Multiparameter 
Gene Expression 
Analysis (tissue)

Screening, diagnosis, staging, surveillance, 
or monitoring.  Not for prediction of 
hormonal therapies other than tamoxifen or 
other chemotherapy regimens.

OncotypeTM for prognosis for patients with node-
negative, ER positive breast cancer who will receive 
tamoxifen.  Guiding use of adjuvant tamoxifen and 
adjuvant chemotherapy (specifically CMF).

Multiparameter 
Gene Expression 
Analysis, (tissue) 
other

Screening, diagnosis, staging, prognosis, 
surveillance, or monitoring.  

Bone Marrow 
Micrometastases

Screening, diagnosis, staging, prognosis, 
surveillance, or monitoring.

Circulating tumor 
cell assays

Screening, diagnosis, staging, prognosis, 
surveillance, predicting or monitoring.



Diagnosis State Recommended Not Recommended

Newly Diagnosed Primary Invasive ER/PgR test, HER2 test

Newly Diagnosed Metastatic 
Invasive

ER/PgR test, HER2 test, CA 
15-3 and CA 27.29

Using CA 15-3 and CA 27.29 
alone; Using CEA alone

Newly Diagnosed Primary Invasive Oncotype DX™, uPA and Other multiparameter gene 

ASCO Guidelines for Tumor Markers in Patients with Breast Cancer

Newly Diagnosed Primary Invasive 
LN -and either ER and/or PgR +

Oncotype DX™, uPA and 
PAI-1 test 

Other multiparameter gene 
expression assays 

Newly Diagnosed Primary Invasive 
Node - and ER and PgR -

uPA and PAI-1 test

Recurrent Primary Invasive HER2 test ER/PgR test; Oncotype Dx; 
uPA and PAI-test 

DCIS n/a ER/PgR test 



ASCO Guidelines for Tumor Markers in Patients with Breast Cancer

Breast Cancer Tumor Marker Recommendations

– ER, PgR + Select Endocrine Therapy

– HER2 + Select Trastuzumab/Lapitinib

– UPA/PAI -1 Avoid Chemo if ER+/Node neg

– Oncotype DX - Avoid Chemo if ER+/Node neg

Why Are the Guidelines So Conservative?

– Recommend only those markers for which results would change 
clinical decisions

– Evidence-based

– Lack of Level of Evidence I or II studies

Harris L., et al.  J Clin Oncol. 2007



Measuring ASCO Guideline Access and Utilization
ASCO.org Statistics
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Measuring the Impact of Guidelines
Quality Oncology Practice Initiative (QOPI)

• Quality of care measures identified 
with all new ASCO Guidelines

• Measures offered to QOPI library of 
quality of care tools

• Integration of measures in QOPI • Integration of measures in QOPI 
data collection to evaluate sites and 
benchmark compliance over time.

• Pilot: QOPI provides a “rapid and 
objective measurement of practice 
quality that allows comparisons 
among practices and over time”

Neuss MN, et al. J Clin Oncol. 2005;23:6233-6239. 



Practice Guideline Barriers Remain
Awareness, Agreement, Access, Acceptance, Accountability

Awareness:

Agreement:

Access:

Cabana MD, et al. JAMA  Oct 20 , 1999; 282:1458-1465.

Access:

Accountability

Acceptance:





A S C O ’ S  O N C O L O G Y

RLS

RLS Knowledge Generation

• Phase IV Studies/Monitoring

• REMS

• Appropriate Use Studies• Appropriate Use Studies

• Test Quality Measures and Guidelines

• Health Outcomes Studies

• Population Health / Epidemiology Research

• Comparative Effectiveness Research

• Clinical Trials

• Endless other research generation



Cost Estimates Associated with VTE Prophylaxis and Treatment

Management Drug Regimens1 Estimated Weekly 
Cost

Estimated 6 
month Cost

Prophylaxis

Hospitalized Medical 

or Surgical Cancer 

Patients4

Unfractionated

Heparin

5000 U q 8 h2 $12.08 $313.95

Dalteparin (Fragmin ®) 5000 U daily $152.40 $3,962.50

Enoxaparin (Lovenox ®) 40 mg daily $154.59 $4,019.29

Fondaparinux (Arixtra ®) 2.5 mg daily $199.92 $5,197.92

Treatment

Dalteparin (Fragmin ®) 100 U/kg q 12 hr $426.73 n/a

200 U/kg daily7 $426.73 n/a

Enoxaparin (Lovenox ®) 1 mg/kg q 12 hr $541.06 n/a

Lyman GH et al: J Clin Oncol 2007; 25:5490-5505

Initial5

n/a

1.5 mg/kg daily7 $405.79 n/a

Heparin 80 U/kg IV bolus, then 18 U/kg/hr IV 

[adjust level based on PTT8]

$24.99 n/a

Fondaparinux (Arixtra ®) <50 kg, 2.5 mg daily $199.92 n/a

50-100 kg, 5 mg daily $399.84 n/a

>100 kg, 7.5 mg daily $599.76 n/a

Tinzaparin (Innohep ®) 175 U/kg daily $198.17 n/a

Long Term9

Dalteparin (Fragmin ®) 200 U/kg daily for 1 m; then 150 U/kg 

daily

$334.12 $8,687.04

Warfarin 5-10 mg po daily; adjust dose to INR 

2-3

$4.43 $115.15





• Define Questions/Knowledge Gap
–Prioritize: burden; uncertainty; impact

• Protocol Development
• Search and Selection

– Clinical Trials

Systematic Review

Programs in Clinical Effectiveness of Cancer Pharmacogenomics

– Clinical Trials

�Phase I/II: Association studies

�Phase III: CER studies

–Other data: Population; claims, modeling 
• Data Extraction
• Study Quality Appraisal
• Assess Study Heterogeneity

• Data Summarization

Evidence Synthesis

Evidence Reports

Recommendations

Phase III Validation Studies

Comparative Effectiveness Simulation

• Clinical Decision Models
–Effectiveness
–Quality -Adjusted Effectiveness

–Cost -Effectiveness 

• Monte Carlo Simulation
• Markov Modeling

Clinical Practice Guidelines

• Disease -Focused Working Groups
• Evidence Review
• Guideline Recommendations

• Approval and Publication

• Dissemination and Implementation
• Impact on Cancer Care and Outcomes

Longitudinal Registry Prospective Clinical Trials

Phase I/II Evaluations



QUOROM Diagram

Potentially relevant articles identified for 

systematic review of genomic studies 
predicting response to chemotherapy in 

breast cancer patients.
(n=4,021)

Electronic search of Medline publications (January 1 st, 2000 – February 7th, 2011)
Search was restricted to human non-review articles and required information in the following categories: 

breast cancer, chemotherapy terms, genomic terms, clinical outcome terms.

Papers excluded based on screening of titles and abstracts (n=4,021)
(decision to exclude the articles was based on the consensus of two reviewers)

Reasons for exclusion (% of excluded studies):

•No clinical outcome evaluated (37.1%)
•Single gene assay (15.1%)
•Review, comments, letter (12.6%)

Full text of publication surveyed for 
further evaluation.

(n=149)

Studies included in meta-analysis: 
publications of genomic assays 

predicting response to specific 
chemotherapy type in breast cancer.

(n=43)

•Review, comments, letter (12.6%)
•Response according to genomic assay was not evaluated (9.5%)
•Hormonal therapy (7.4%)
•Assay not based on tumor cells (e.g., blood) (5.2%)
•Assay was based on proteins (3.6%)
•Other cancer types (3.5%)
•Response to specific type of chemotherapy not evaluated (2.7%)
•Assay focused on change in biomarkers over time (1.3%)
•Other (2.0%)

Papers excluded based on full text screening (n=106)
(final decision was based on team consensus)

Reasons for exclusion (number of excluded studies):
•Response to specific type of chemotherapy not evaluated (n=30)
•Assay based on single gene or combination of few selected genes (n=20)
•Assay was based on proteins (n=15)
•Assay was not validated on independent cohort (n=14)
•No clinical outcome evaluated (n=6)
•Hormonal therapy (n=3)
•Other (n=18)
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Kuderer NM et al; ASCO 2011



• Patient selection criteria

• Specimen quality

Quality Appraisal of Multigene Assay Response Prediction Assays
Quality Scoring Based on 22 study parameters

21%

29%

19%20%

25%

30%

P
e
rc

e
n

t 
o
f 

S
tu

d
ie

s

Quality Domains Considered

• Specimen quality

• Analysis

• Classifier derivation and 

validation

• Clinical utility

14%

10%

7%

0%
0%

5%

10%

15%

0 1 2 3 4 5 6

P
e
rc

e
n

t 
o
f 

S
tu

d
ie

s

Number of Quality Categories per Study Rated as "Good"

Kuderer NM et al; ASCO 2011



Clinical Validity of the Genomic Classifiers
Statistical Methods Utilized

Comparison of 2  ROC Curves

7%
Comparison of Multivariate Models 

5%

One Multivariate Model with
Genomic Predictor 

12%

Other (e.g., stratification, univariate )

21%

None
55%

Kuderer NM et al; ASCO 2011



Multigene Prediction Signatures in Patients with ESBC
Study Characteristics (N=33)

Multigene Prediction Signatures in Patients with ESBC Study Characteristics
Response Prediction Assay Performance in the Neoadjuvant Setting (N=33)

Lyman GH et al; AACR-SABCS 2011



Receiver Operating Characteristic Curve

Multigene Prediction Signatures in Patients with ESBC
Response Prediction Assay Performance in the Neoadjuvant Setting (N=33)

Lyman GH et al; AACR-SABCS 2011

AUC = 0.7656
SE(AUC) = 0.0155          

Estimated ROC curve for predictive performance across all studies (AUC = 0.77)



Method of Genomic Classifier Development

Study 
Design

Statistics for each study Diagnostic Odds Ratio [95% CI] 

MH OR [95% CLs] p-Value

Intrinsic 6.935 3.01915.933<.0001

PrognosticPrognostic 6.609 3.81611.446<.0001

Response 5.313 3.877 7.280<.0001

Overall 5.788 4.462 7.509<.0001

1 10 100

Pinteraction=.103

Lyman GH et al; AACR-SABCS 2011



Regression of Quality Score on Predictive Odds Ratio

P=.015
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Funnel Plot of Precision by Log Predictive Odds Ratio
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Lyman GH et al; AACR-SABCS 2011Adjusted POR: 4.09 [95% CI: 3.18 – 5.28]



Culakova E et al; AACR-SABCS 2011



Multigene Prediction Signatures Conclusions

• A compelling need exists for greater methodologic rigor 
and standardization of reporting. 

• Analytic and clinical validity of genomic response 
prediction assays should be evaluated in patient prediction assays should be evaluated in patient 
cohorts independent of those utilized for signature 
development. 

• The clinical utility of these assays must then be further 
assessed ideally in comparative effectiveness studies 
compared to common utilized clinical and laboratory 
measures. 



Personalized Medicine and Cancer Supportive Care
Where do we go from here?

• Innovative clinical trial designs

• Better data capture of treatment-related complications in pivotal 
RCTs and post approval.

• Strongly encourage routine tumor and blood sample collection • Strongly encourage routine tumor and blood sample collection 
for concurrent or future biomarker development and validation in 
pivotal trials of new targeted therapies

• Go beyond clinical validity to studies of clinical utility to 
demonstrate meaningful balance of effectiveness and toxicity 
compared to conventional strategies

• Reach consensus of stakeholders on the appropriate value of 
diagnostic, treatment and prevention strategies.



Targeted Therapies and Predictive Biomarkers
Recommendations for Co-Development

1. Source studies should be well designed, large, RCTs with appropriate 
control groups and clinically relevant endpoints of efficacy and safety. 

2. Biomarker should be based on a biologically plausible rationale, have 
good test performance and reproducibility. 

3. Biomarker results should be available on a majority of subjects with a 
detailed accounting of the reasons for unavailable samples or results. 

4. Biomarker subgroups and the planned analysis prespecified.

5. Adequate power to establish with confidence any differential treatment 5. Adequate power to establish with confidence any differential treatment 
effect in subgroups based on the biomarker. 

6. Biomarker measurement should be blinded to the treatment group 
assignment and study outcomes. 

7. Appropriate adjustment for multiple testing.

8. Formal testing of any drug-biomarker interaction.

9. Results adjusted for all known prognostic and predictive factors.

10. Consistent findings on biomarker observed in at least two large trials



Cost-Effectiveness of Oncotype DX in the Setting of Multifactorial Decision Making for Chemotherapy in 

Early-Stage Breast Cancer*
Shelby D. Reed, PhD; Michaela A. Dinan, PhD1; Kevin A. Schulman, MD; Gary H. Lyman, MD

Health state utilities Mean (SE)

Chemotherapy in the first year 0.48 (0.06)4

Hormonal therapy 0.68 (0.06)4

Remission 0.68 (0.06)4

Distant recurrence 0.42 (0.06)4

Direct medical costs, $ Mean (SE)

21-Gene Recurrence Score Assay 4075

Chemotherapy, first year 16,947 (1655)5

Hormonal therapy, annually for 5 years 105

Monitoring and follow-up during remission, annually for up to  10 1,108 (61)6

years

Distant recurrence, one-time cost 17,478 (2,444)7

Indirect costs, $ Mean

Absence from work attributable to chemotherapy 12,6863

Patient time during last year of life with metastatic breast cancer 3,9028

% of women by risk group RS Assay Risk Group1,2

Clinicopathologic risk group All Low Intermediate High

Low 53% 0.61 0.24 0.15

Intermediate 19% 0.46 0.19 0.35

High 29% 0.34 0.21 0.45

% Adjuvant Chemotherapy RS Assay Risk Group1,2

Clinicopathologic risk group All Low Intermediate High

Low 0 0.05 0.10 1.0

Intermediate or High 1.0 0.25 0.62 1.0

* ASCO 2012; Chicago IL



Cost-Effectiveness of Oncotype DX in the Setting of Multifactorial Decision Making for Chemotherapy in 

Early-Stage Breast Cancer*
Shelby D. Reed, PhD; Michaela A. Dinan, PhD1; Kevin A. Schulman, MD; Gary H. Lyman, MD

Mean (95% CI)

RS-Guided

Strategy

Non-RS-Guided 

Strategy Difference

Life-years, discounted 
15.02 

(14.66 to 15.24)

14.82 

(14.46 to 15.07)

0.19 

(0.09 to 0.32)

Quality-adjusted life-years

(QALY), discounted

10.09 

(8.24 to 11.79)

9.93 

(8.12 to 11.60)

0.16

(.08 to 0.28)

Direct costs, discounted 
$21,090 

(19,306 to 23,139)

$18,398 

(16535 to 20,448)

$2692 

(1546 to 3821)

Indirect costs, discounted
$5307 

(4615 to 6178)

$6257 

(5794 to 6745)

$-950 

(-1732 to -111)

Total costs, discounted 
$26,397 

(24,073 to 28,957)

$24,656 

(22,599 to 26,887)

$1741 

(-85 to 37100

ICER, health care system 

perspective
$16,677/QALY ($7613 to $27,219)

ICER, societal perspective $10,788/QALY ($6840 to $28,912)

* ASCO 2012; Chicago IL


