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A B S T R A C T

Purpose
To provide recommendations on the appropriate use of breast tumor biomarker assay results to
guide decisions on systemic therapy for metastatic breast cancer.

Methods
A literature search and prospectively defined study selection identified systematic reviews,
meta-analyses, randomized controlled trials (RCTs), prospective–retrospective studies, and pro-
spective comparative observational studies published from 2006 through September 2014.

Results
The literature search revealed 17 articles that met criteria for further review: 11 studies reporting
discordances between primary tumors and metastases in expression of hormone receptors or
human epidermal growth factor receptor 2 (HER2), one RCT that addressed the use of a biomarker
to decide whether to change or continue a treatment regimen, and five prospective–retrospective
studies that evaluated the clinical utility of biomarkers.

Recommendations
In patients with accessible metastases, biopsy for confirmation of disease process and retesting
of estrogen receptor, progesterone receptor, and HER2 status should be offered, but evidence is
lacking to determine whether changing anticancer treatment on the basis of change in receptor
status affects clinical outcomes. With discordance of results between primary and metastatic
tissues, the Panel consensus is to use preferentially the estrogen receptor, progesterone receptor,
and HER2 status of the metastasis to direct therapy if supported by the clinical scenario and
patient’s goals for care. Carcinoembryonic antigen, cancer antigen 15-3, and cancer antigen 27-29
may be used as adjunctive assessments, but not alone, to contribute to decisions regarding
therapy. Recommendations for tumor rebiopsy and use of circulating tumor markers are based on
clinical experience and Panel informal consensus in the absence of studies designed to evaluate
the clinical utility of the markers. As such, it is also reasonable for clinicians to not use these
markers as adjunctive assessments.

J Clin Oncol 33:2695-2704. © 2015 by American Society of Clinical Oncology

INTRODUCTION

The purpose of this guideline is to provide evidence-
based recommendations to practicing oncologists
and other stakeholders on the appropriate use of
results from assays of breast tumor biomarkers to
guide or influence decisions on systemic therapy in
women with metastatic breast cancer. A previous
update of the American Society of Clinical Oncol-
ogy (ASCO) guideline on use of tumor markers in
breast cancer1 considered all indications or uses
for biomarker assay results. Subsequently, ASCO
collaborated with the College of American Pa-

thologists to publish and then update a guideline
on testing for human epidermal growth factor
receptor 2 (HER2)2,3 and another on testing for
endocrine (estrogen [ER] and progesterone [PR])
receptors.4 To facilitate future updates in a rapidly
developing and expanding field, the ASCO Breast
Cancer Guideline Advisory Group and Clinical
Practice Guideline Committee determined that
guidelines on additional breast cancer biomarkers
should focus on single uses or indications, and
selected the use of biomarkers to guide or influ-
ence decisions on systemic therapy as the topic of
highest priority.
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THE BOTTOM LINE

Recommendations for Use of Biomarkers to Guide Decisions on Systemic Therapy for Women With

Metastatic Breast Cancer: ASCO Clinical Practice Guideline

Guideline Questions

1. Should metastases be biopsied or otherwise sampled to test for changes from the primary tumor with respect to ER, PR,
or HER2 status?

2. For women with metastatic breast cancer and with known ER, PR, and HER2 status, which additional tumor markers
have demonstrated clinical utility to initiate systemic therapy or direct selection of a new systemic therapy regimen?

3. For women with metastatic breast cancer and with known ER, PR, and HER2 status, which additional tumor markers
have demonstrated clinical utility to guide decisions on switching to a different drug or regimen or discontinuing
treatment?

4. For biomarkers shown to have clinical utility to guide decisions on systemic therapy for metastatic disease in questions 2
and 3, what are the appropriate assays, timing, and frequency of measurement?

Target Population

Women with metastatic breast cancer being considered for systemic therapy or for changes in the drug or regimen they are receiving.

Target Audience

Any physician caring for patients with breast cancer, including medical, surgical, and radiation oncologists; oncology nurses and
physician assistants, pathologists, and patients.

Methods

An Expert Panel was convened to develop clinical practice guideline recommendations based on a systematic review of the
medical literature.

Key Points

● Patients with accessible, newly diagnosed metastases from primary breast cancer should be offered biopsy for
confirmation of disease process and testing of ER, PR, and HER2 status. They should also be informed that if discordances
are found, evidence is lacking to determine whether outcomes are better with treatment regimens based on receptor status
in the metastases or the primary tumor. With discordance of results between primary and metastatic tissues, the Panel
consensus is to preferentially use the ER, PR, and HER2 status from the metastasis to direct therapy, if supported by the
clinical scenario and the patient’s goals for care. (Type: evidence based for biomarker change from primary to
metastasis, but no evidence to address systemic therapy choices affecting health outcome when biomarker change
occurs. Evidence quality: insufficient. Strength of recommendation: moderate.)

● Decisions on initiating systemic therapy for metastatic breast cancer should be based on clinical evaluation, judgment, and
patient preferences. There is no evidence at this time that initiating therapy solely on the basis of biomarker results beyond
those of ER, PR, and HER2 improves health outcomes. (Type: evidence based. Evidence quality: low. Strength of
recommendation: moderate.)

● Recommendations for tissue biomarkers: In patients already receiving systemic therapy for metastatic breast cancer,
decisions on changing to a new drug or regimen or discontinuing treatment should be based on clinical evaluation,
judgment of disease progression or response, and the patient’s goals for care. There is no evidence at this time that
changing therapy based solely on biomarker results beyond ER, PR, and HER2 improves health outcomes, quality of life,
or cost effectiveness. (Type: evidence based. Evidence quality: low. Strength of recommendation: moderate.)

● Recommendations for circulating tumor markers: In patients already receiving systemic therapy for metastatic breast
cancer, decisions on changing to a new drug or regimen or discontinuing treatment should be based on clinical evaluation,
judgment of disease progression or response, and the patient’s goals for care. There is no evidence at this time that
changing therapy based solely on circulating biomarker results improves health outcomes, quality of life, or cost
effectiveness. (Type: evidence based. Evidence quality: intermediate. Strength of recommendation: moderate.)

(continued on following page)

Van Poznak et al

2696 © 2015 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Downloaded from jco.ascopubs.org on July 25, 2016. For personal use only. No other uses without permission.
Copyright © 2015 American Society of Clinical Oncology. All rights reserved.



Many reviews and commentaries have discussed the nature of
evidence required to support conclusions that using biomarker assay
results to guide or influence treatment decisions improves health
outcomes for patients with a malignancy.5-11 Although nearly two
decades have passed since clinical investigators began addressing these
issues,12 this guideline (and the companion guideline on systemic
therapy for women with early-stage breast cancer) applies in part the
framework developed by the Evaluation of Genomic Applications in
Practice and Prevention Working Group.13,14 In this framework, as-
says must demonstrate analytic validity, clinical validity, and clinical
utility before they are used routinely to guide or influence treatment
decisions. Data Supplement Table 1 provides definitions of these
terms and evidentiary requirements to demonstrate that a specific
biomarker assay is valid and clinically useful. Note that these new
criteria are more rigorous than those applied in the 2007 ASCO bio-
marker guideline.

As discussed by Simon et al,11 study designs to test for clinical
utility of tumor biomarkers may include systematic reviews or meta-
analyses, randomized controlled trials (RCTs), retrospective analyses
of biologic samples from patients enrolled onto already completed
prospective RCTs (hereinafter referred to as prospective–retrospective
studies), and comparative observational studies. Evidence on analytic
and clinical validity serves as the foundation of biomarker develop-
ment and is reviewed in this guideline only for biomarkers with defin-
itive evidence of clinical utility, given that it is clinical utility that
matters for patient care.

CLINICAL UTILITY EVALUATION GUIDELINE

The charge to the Panel was to evaluate evidence for clinical utility of
biomarkers in breast cancer. This evaluation required the following:

clear definitions of clinical utility; identification of studies that were
designed, conducted, and analyzed rigorously to provide reliable evi-
dence; and review of the results of these studies to assess evidence for
clinical utility.

Clinical Utility

A biomarker-based test is judged to have clinical utility if use of
the test is demonstrated to result in a favorable balance of benefits to
harms.1-3 If clinical care options result in similar patient survival,
biomarker tests may still have clinical utility if they direct care to
options that result in improved quality of life (eg, less toxicity or
inconvenience) or lower cost. A new biomarker test must be shown to
contribute clinically useful information beyond that already provided
by standardly used clinical or pathologic indicators, unless the new test
can provide equivalent information at a lower cost, less invasively, or
with less inconvenience or risk.

Reliable Evidence

The most reliable evidence can be obtained from well-designed
and well-executed studies. Requirements for inclusion of a study in the
review stipulated that the study was either a fully prospective study (ie,
specifically designed to answer the biomarker test–related question
and conducted prospectively) or that the study met the criteria for a
prospective–retrospective study.11 Prospective studies are classified as
category A evidence and prospective–retrospective studies as category
B evidence, according to the classification provided by Simon et al,11

whereas the cumulative evidence for a biomarker test is assessed for
determination of an overall level of evidence.11 For example, a bio-
marker test is considered to have reached level IB evidence for clinical
utility if it meets the criteria listed in Table 1.

THE BOTTOM LINE (CONTINUED)

● CEA, CA 15-3, and CA 27-29 may be used as adjunctive assessments to contribute to decisions regarding therapy for
metastatic breast cancer. Data are insufficient to recommend use of CEA, CA 15-3, and CA 27-29 alone for monitoring
response to treatment. The recommendation for use is based on clinical experience and Panel informal consensus in the
absence of studies designed to evaluate the clinical utility of the markers. As such, it is also reasonable for clinicians to not
use these markers as adjunctive assessments. (Type: informal consensus. Evidence quality: insufficient. Strength of
recommendation: moderate.)

ASCO believes that cancer clinical trials are vital to inform medical decisions and improve cancer care and that all patients
should have the opportunity to participate.

Table 1. Requirements for Marker-Based Test to Reach Level IB Evidence of Clinical Utility Based on Prospective–Retrospective Studies

Requirement

Adequate amounts of archived specimen must be available from enough patients from prospective trial (which for predictive factors should generally have
randomized design) for analyses to have adequate statistical power and for patients included in evaluation to be clearly representative of patients in trial

Marker-based test should be analytically and preanalytically validated for use with archived specimens
Plan for marker evaluation should be completely specified in writing before performance of marker assays on archived specimens and should be focused on

evaluation of single, completely defined marker-based test
Results from archived specimens should be validated using specimens from � one similar, but separate, studies

NOTE. Adapted with permission.11
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Additional Considerations

The Panel reached a final recommendation for each bio-
marker test evaluated on the basis of application of the specified
levels of evidence criteria. However, some subjective judgment was
required to reach consensus on whether the observed magnitude of
biomarker effect was sufficiently large to be clinically meaningful
and whether the statistical strength of the evidence was sufficient.
Additional challenges included the lack of information reported in
many published tumor marker studies. Panel members used their
expertise (clinical, laboratorial, and statistical) and personal expe-
rience to aid in reaching consensus.

GUIDELINE QUESTIONS

This clinical practice guideline addresses four overarching clin-
ical questions:

● (1) Under what circumstances (ie, for which patients) should
metastases be biopsied or otherwise sampled to test for
changes from the primary tumor with respect to endocrine
receptor or HER2 status?

● (2) For women with metastatic breast cancer and with known
endocrine receptor and HER2 status, which additional tumor
markers have demonstrated clinical utility to guide initiation
of systemic therapy or direct selection of a new systemic
therapy regimen? Evidence addressing this question and the
resulting recommendations were considered separately for
women with metastatic breast cancer that is endocrine recep-
tor positive, HER2 positive, or negative for both endocrine
receptors and HER2 (ie, triple negative). Within each of these
patient subsets, evidence and recommendations were consid-
ered separately for decisions on first-line versus second- or
subsequent-line systemic therapy for metastatic disease.

● (3) For women with metastatic breast cancer and with known
ER, PR, and HER2 status, which additional tumor markers
have demonstrated clinical utility to guide decisions on
whether to switch to a different drug or regimen or discon-
tinue treatment? Evidence and recommendations for this
question were also considered separately for women with
metastatic breast cancer that is endocrine receptor positive,
HER2 positive, or negative for both endocrine receptors and
HER2 (triple negative).

● (4) For each tumor marker shown to have clinical utility for
guiding decisions on systemic therapy for metastatic disease
in questions 2 or 3, what are the appropriate assays, timing,
and frequency of measurement?

METHODS

Guideline Development Process

The recommendations were developed by a multidisciplinary Expert
Panel (Appendix Table A1, online only) that met face to face, via teleconfer-
ence, and/or via Webinar and corresponded through e-mail. All authors eval-
uated the evidence and contributed to development of the guideline by
critically reviewing and approving the guideline recommendations. All ASCO
guidelines are ultimately reviewed and approved by the Expert Panel and the
ASCO Clinical Practice Guideline Committee before publication.

The Panel developed its recommendations on the basis of evidence
identified through online searches of MEDLINE and the Cochrane Library
(from January 2006 through September 2014, to overlap with the search end
date for the 2007 guideline update on tumor markers in breast cancer)1 and
Panel members’ own clinical experience. See Data Supplement 5 for full details
on the search string. A combined PubMed search was conducted for this
guideline. Articles were selected for inclusion in the systematic review on the
basis of the following criteria:

● Population: Women with metastatic breast cancer being consid-
ered for initiation of systemic therapy or for changes in the drug or
regimen they are receiving, with separate subquestions and analyses
on patient groups with endocrine receptor–positive disease, HER2-
positive disease, and triple-negative disease and on use of tumor
marker assay results to guide decisions on first-line therapy and
second- or subsequent-line therapy.

● For clinical questions 1 to 3, publications in English were included
if they reported rigorously conducted systematic reviews (with or
without meta-analyses), RCTs, retrospective biomarker analyses of
samples from completed prospective RCTs, or prospective obser-
vational studies that directly compared outcomes of treatment
decisions made on the basis of assay results with outcomes of
treatment decisions made regardless of assay results.

● For clinical question 4, studies that directly compared performance
characteristics of different assay methods or different times or
frequencies of measurement were included only for markers with
clinical utility demonstrated as described in questions 2 and 3.

Articles were excluded from the systematic review if they were meeting
abstracts not subsequently published in peer-reviewed journals; editorials,
commentaries, letters, news articles, case reports, or narrative reviews; pub-
lished in a language other than English; or retrospective observational studies.
The guideline recommendations were crafted, in part, using principles of the
Guidelines Into Decision Support methodology.15 Ratings for the type and
strength of the recommendation, evidence, and potential bias are provided
with each recommendation (Methodology Supplement).

Detailed information about the methods used to develop this guideline is
available in the Methodology Supplement at http://www.asco.org/guidelines/
vanity, including an overview (eg, Panel composition, development process,
and revision dates) and information on the literature search and data extrac-
tion, recommendation development process, and quality assessment.

Guideline Disclaimer

The clinical practice guideline and other guidance published herein are
provided by ASCO to assist providers in clinical decision making. The infor-
mation herein should not be relied on as being complete or accurate, nor
should it be considered as inclusive of all proper treatments or methods of care
or as a statement of the standard of care. With the rapid development of
scientific knowledge, new evidence may emerge between the time information
is developed and when it is published or read. The information is not contin-
ually updated and may not reflect the most recent evidence. The information
addresses only the topics specifically identified herein and is not applicable to
other interventions, diseases, or stages of diseases. This information does not
mandate any particular course of medical care. Furthermore, the information
is not intended to substitute for the independent professional judgment of the
treating provider, because the information does not account for individual
variation among patients. Recommendations reflect high, moderate, or low
confidence that the recommendation reflects the net effect of a given course of
action. The use of words like “must,” “must not,” “should,” and “should not”
indicates that a course of action is recommended or not recommended for
either most or many patients, but there is latitude for the treating physician to
select other courses of action in individual cases. In all cases, the selected course
of action should be considered by the treating provider in the context of
treating the individual patient. Use of the information is voluntary. ASCO
provides this information on an as-is basis and makes no warranty, express or
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implied, regarding the information. ASCO specifically disclaims any warran-
ties of merchantability or fitness for a particular use or purpose. ASCO as-
sumes no responsibility for any injury or damage to persons or property
arising out of or related to any use of this information or for any errors
or omissions.

Guideline and Conflicts of Interest

The Expert Panel was assembled in accordance with the ASCO Conflicts
of Interest Management Procedures for Clinical Practice Guidelines (summa-
rized at http://www.asco.org/rwc). Members of the Panel completed the
ASCO disclosure form, which requires disclosure of financial and other inter-
ests that are relevant to the subject matter of the guideline, including relation-
ships with commercial entities that are reasonably likely to experience direct
regulatory or commercial impact as a result of promulgation of the guideline.
Categories for disclosure include employment; leadership; stock or other own-
ership; honoraria, consulting, or advisory role; speaker’s bureau; research
funding; patents, royalties, or other intellectual property; expert testimony;
travel, accommodations, or expenses; and other relationships. In accordance
with these procedures, the majority of the members of the Panel did not
disclose any such relationships. Notably, one author (D.F.H.) recused himself
from deliberations and Panel votes concerning recommendations for circulat-
ing tumor cells (CTCs) because of potential conflicts of interest.

LITERATURE SEARCH RESULTS

Seventeen reports from 16 separate studies met eligibility criteria (see
Data Supplements 2, 3, and 4). Eleven published articles (from 10
separate studies) reported on discordances between paired samples
(from primary breast tumors and subsequent metastases) with respect
to expression of ER, PR, and HER2. This set of publications (see Data
Supplement 3) included three systematic reviews and meta-
analyses16-18 and seven comparative observational studies.19-26 Six
studies addressed clinical utility, as defined in Clinical Utility sec-
tion, for initiating or selecting therapy for metastatic breast cancer.
The Smerage et al27 study addressed clinical utility in the context of
an RCT. Five prospective–retrospective studies also addressed clin-
ical utility.28-32

Data Supplements 3 and 4 include results of data extraction from
the literature review. Data Supplement Tables 2 through 7 provide
information on key characteristics of the studies and their patient
populations, on study quality assessment, and on reported outcomes.
None of the included studies reported on toxicity, either of biomarker
testing or of systemic therapy, for patient subgroups subdivided by
biomarker results. In addition, no studies reported on changes in
quality-of-life outcomes attributable to biomarker testing.

RECOMMENDATIONS

CLINICAL QUESTION 1

Under what circumstances (ie, for which patients) should metas-
tases be biopsied or otherwise sampled to test for changes from the
primary tumor with respect to endocrine receptor or HER2 status?

Recommendation 1

At initial presentation of metastasis from breast cancer, it is
standard of care to biopsy an accessible lesion to confirm metastatic
breast cancer. When evaluating the metastatic site(s), it is important to
note that the results of ER, PR, and/or HER2 status may have changed
from the primary tumor, and these results may inform treatment

decisions. Therefore, this Panel recommends restesting for ER, PR,
and HER2 on � one metastasis with careful attention to assay perfor-
mance, particularly for bone metastases (see Clinical Interpretation
section). However, for patients with documented changes in these
biomarkers, data are lacking to determine whether outcomes from
systemic therapy are altered when guided by biomarker test results
from the metastases. The Panel informal consensus for the manage-
ment of care when there is discordance of ER, PR, or HER2 results
between primary and metastatic tissues is to use the ER, PR, or HER2
status from the metastasis to direct therapy, if supported by the clinical
scenario and the patient’s goals for care. (Type: evidence based for
biomarker change from primary to metastasis, but no evidence to
demonstrate that systemic therapy choices affect health outcomes
when biomarker change occurs. Evidence quality: insufficient.
Strength of recommendation: moderate.)

Literature Review and Analysis

Studies on the frequency of changes in ER, PR, and HER2 expres-
sion from primary tumors to metastases were retrospective or pro-
spective observational studies. This applied to all studies included in
three systematic reviews and meta-analyses, as well as the seven origi-
nal studies listed in Data Supplement 3. None of the studies reported
on treatments used for metastatic disease in these patients, and there
was limited information on available baseline characteristics of the
patients and their tumors from the reports. In the meta-analyses,
pooled estimates for the absolute frequency of changes from positive
to negative ranged from 5.7% to 9.5% for ER status and 17% to 24%
for PR status (Data Supplement Table 4). Pooled estimates for the
absolute frequency of change from negative to positive ranged from
3% to 8.8% for ER status and from 6.9% to 7.3% for PR status. Pooled
estimates were approximately 5.5% overall for the frequency of abso-
lute change in HER2 status (in either direction). The meta-analyses
did not report outcomes of systemic therapy for metastatic breast
cancer.

For the seven individual studies, data on the frequency of change
in receptor status did not differ substantially from the pooled esti-
mates reported by the meta-analyses (Data Supplement Table 4). Of
the seven available individual studies, one reported no significant
difference in outcomes between patients with concordant versus dis-
cordant results for receptor status,18 whereas four reported shorter
survival for those with specific discordances.20-24 However, none
compared outcomes for patients with receptor discordances whose
systemic therapy for metastatic disease was guided by results from the
metastases versus results from the primary tumor. Thus, evidence is
lacking to determine the optimal basis for selecting a treatment regi-
men when discordances are found.

Clinical Interpretation

The differential diagnosis for a lesion suggestive of a metastatic
focus ranges from benign to malignant, including a new malignancy.
Hence, when possible, this Panel recommends a biopsy be performed.
If metastatic disease is confirmed, subsequent treatment planning can
be made with confidence of the condition at hand. The Expert Panel
reviewed the available data and found that the frequency of change
from the primary tumor to the metastasis for ER, PR, or HER2 was
uncommon, � 10% in all cases of pooled estimates. This represents a
significant number of patients and is therefore clinically meaningful.
There are several potential explanations for these changes, including
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variability in assay performance, tumor heterogeneity, and biologic
evolution of the tumor. Although each reason for change may have its
own potential significance, performing rebiopsy and retesting for ER,
PR, and HER2 was believed to be justified in all cases, given that the
choice of current therapy is largely determined by these biomarkers.
The Panel believed that special circumstances should be noted in
patients with bone metastases for whom results of ER, PR, and HER2
may be unreliable with current pathology practices.

The decalcification of bone biopsy material for the analysis of ER,
PR, and HER2 may alter the outcome of the tumor analysis.33,34

Whenever possible, testing of bone metastases should be performed
using a validated assay with a sample that has not been decalcified
during preanalytic processing. Using ethylenedi-aminetetra-acetic
acid-based decalcification solutions and trying to limit the time in
formic acid decalcification represent possible options; however, both
approaches have disadvantages and should be validated before being
offered clinically for breast cancer biomarker analysis.34 The ability to
physically separate viable tumor from host skeletal tissue, so that at
least some of the tumor can be processed without having to undergo
decalcification, would be clearly advantageous, but may not be prac-
tical on small-needle biopsy specimens. For needle biopsies of meta-
static breast cancer to bone, submitting the accompanying blood clot
in the specimen container separately from the fragments of bony
tissue may yield viable tumor that would not have to undergo decal-
cification and could be used for the analysis of HER2 in breast cancer
metastatic to skeletal tissue. If it is not possible to test a sample that has
not undergone decalcification, a negative result should be interpreted
with caution, and consideration should be given to an additional and
more suitable biopsy sample for testing.

In cases of discordance between the primary and metastatic site,
the clinician should ensure that appropriate assay procedures were
performed, given that this has the potential to affect treatment of the
patient. Finally, emerging evidence suggests a greater importance of
both inter- and intratumoral heterogeneity than previously appreci-
ated. Studies have shown that different metastatic sites may contain
different biomarker profiles, and clones within tumors may vary by
molecular profile.35-37 The clinical consequences of these findings
are as yet unknown. The Panel informal consensus for the manage-
ment of care when there is discordance of ER, PR, or HER2 results
between primary and metastatic tissues is to use the ER, PR, or
HER2 status from the metastasis to direct therapy, if supported by
the clinical scenario and the patient’s goals for care. Clinical judg-
ment must be exercised.

The literature review and clinical interpretation for question 1
apply to all tumor subtypes: ER positive, PR positive, HER2 positive,
and triple negative.

CLINICAL QUESTION 2

For women with metastatic breast cancer and with known endo-
crine receptor and HER2 status, which additional tumor markers have
demonstrated clinical utility to initiate systemic therapy or direct
selection of a new systemic therapy regimen?

Recommendation 2

Decisions concerning the initiation of systemic therapy or selec-
tion of systemic therapy for metastatic breast cancer should be guided
by ER, PR, and HER2 status, in conjunction with clinical evalua-
tion, judgment, and the patient’s goals for care. Presently, there is

no evidence that therapy decisions based solely on additional bio-
marker results improve health outcomes; thus, decisions about
initiating or selecting therapy for metastatic breast cancer should
be based solely on ER, PR, and HER2 status and the specific clinical
scenario. (Type: evidence based. Evidence quality: low. Strength of
recommendation: moderate.)

Literature Review and Analysis

Five articles reporting on the results of prospective–retrospective
studies investigated the use of biomarker results to initiate treatment
for metastatic breast cancer. Di Leo et al28 evaluated the role of p53
gene mutations in predicting response to doxorubicin versus do-
cetaxel, with no evidence of differential response on the basis of the
biomarker. Finn et al29 evaluated the role of epidermal growth factor
receptor expression in predicting response to lapatinib, a tyrosine
kinase inhibitor, in a trial of paclitaxel with or without lapatinib. No
interaction between epidermal growth factor receptor and response to
lapatinib was found. Galmarini et al30 evaluated microtubule-
associated proteins (total �- and �-tubulin, class II to IV �-tubulin
isotopes, � protein) and response to docetaxel versus doxorubicin,
with differences in response rate; however, no time-to-progression or
overall survival data were reported. Kroger et al31 evaluated Ki-67, p53,
and BCL-2 in high- versus standard-dose therapy and reported a
significant improvement in progression-free survival in patients with
p53 wild type. Finally, Miles et al32 evaluated vascular endothelial
growth factor A, E-selectin, vascular endothelial growth factor recep-
tors 1 and 2, intracellular adhesion molecule 1, and vascular cell
adhesion molecule 1 in patients treated with docetaxel with or without
bevacizumab; however, none of these markers was predictive of ben-
efit from bevacizumab. Although the designs were sound, none of
these studies established the clinical utility of the markers evaluated for
selection of therapy for patients with metastatic breast cancer.

Next-generation sequencing of tumors has not demonstrated
clinical utility, as defined in this guideline. The Panel does not recom-
mend use of next-generation sequencing of the tumor to initiate
systemic therapy or direct selection of a new systemic therapy
regimen outside of a research setting. However, the Panel notes
that therapeutic clinical trials investigating specific pathways are
ongoing, and study eligibility may require documentation of a
specific genetic profile. This scenario is considered investigational
and warrants detailed discussion with the patient about the lack of
clinical utility of next-generation sequencing.

Clinical Interpretation

The consensus of the expert Panel supports the use of ER, PR, and
HER2 to guide practice, as outlined in the recent updated ASCO
guideline on HER2 testing3 and on ER and PR testing.4 No additional
biomarkers for clinical use are recommended outside of a clinical trial.

The literature review and clinical interpretation for question 2
apply to all tumor subtypes: ER positive, PR positive, HER2 positive,
and triple negative.

CLINICAL QUESTION 3

For women with metastatic breast cancer and with known ER,
PR, and HER2 status, which additional tumor markers have demon-
strated clinical utility to guide decisions on switching to a different
drug or regimen or discontinuing treatment?
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Recommendation 3

Recommendations for tissue biomarkers. In patients who are al-
ready receiving systemic therapy for metastatic breast cancer, deci-
sions on changing to a new drug or regimen or discontinuing
treatment should be based on the patient’s goals for care and clinical
evaluation and judgment of disease progression or response, given
that there is no evidence at this time that changing therapy solely
on the basis of biomarker results beyond ER, PR, and HER2 im-
proves health outcome, quality of life, or cost effectiveness. (Type:
evidence based. Evidence quality: low. Strength of recommenda-
tion: moderate.)

Recommendations for circulating tumor markers. (Note: One au-
thor [D.F.H.] recused himself from deliberations and Panel votes
concerning recommendations for CTCs because of potential conflicts
of interest.) In patients already receiving systemic therapy for
metastatic breast cancer, decisions on changing to a new drug or
regimen or discontinuing treatment should be based on the pa-
tient’s goals for care and clinical evaluation and judgment of dis-
ease progression or response, given that there is no evidence at this
time that changing therapy solely on the basis of circulating bio-
marker results improves health outcome, quality of life, or cost
effectiveness. (Type: evidence based. Evidence quality: intermedi-
ate. Strength of recommendation: moderate.)

Carcinoembryonic antigen (CEA), cancer antigen (CA) 15-3,
and CA 27-29 may be used as adjunctive assessments to contribute to
decisions regarding therapy for metastatic breast cancer. Data are
insufficient to recommend use of CEA, CA 15-3, and CA 27-29 alone
for monitoring response to treatment. The Panel acknowledges the
lack of evidence of clinical utility in support of use of these circulating
biomarkers; biochemical assessments of CEA, CA 15-3, and CA 27-29
were developed before the present standards for measuring clinical
utility. The recommendation for use is based on clinical experience
and Panel informal consensus in the absence of studies designed to
evaluate the clinical utility of the markers. As such, it is also reasonable
for clinicians to not use these markers as adjunctive assessments.
(Type: informal consensus. Evidence quality: insufficient. Strength of
recommendation: moderate.)

Literature Review and Analysis

There were no studies that met eligibility criteria for circulating
markers to guide the changing or discontinuation of treatment. A
number of studies have evaluated the role of CTCs in metastatic
disease and have clearly shown that CTCs are associated with poor
prognosis in this setting. However, none of the reviewed studies as-
sessed predictive value using clinical utility guidelines, with one excep-
tion. The only study found to address markers used to discontinue or
change therapy reported the results of a randomized trial of change in
CTC level to decide whether to change or continue a treatment regi-
men after one cycle of first-line chemotherapy (of physician’s choice)
for metastatic breast cancer27 (Data Supplement Table 5). Investiga-
tors measured CTC levels for patients about to start first-line chemo-
therapy for metastatic breast cancer. Comparison of progression-free
and overall survival for study arms confirmed previously reported
data38 showing that CTC level � 5/7.5 mL of blood is a prognostic
marker. However, comparison of progression-free and overall sur-
vival showed no difference in outcome when patients were switched to
an alternate regimen on the basis of CTC level. These data also illus-
trate the frequently observed result that biomarkers may be prognostic

but not predictive for clinical benefit when used to guide or influence
decisions on systemic therapy for metastatic breast cancer.

Clinical experience and Panel informal consensus support the
2007 ASCO biomarker guideline1 that serum markers (CEA, CA 15-3,
CA 27-29) may provide an adjunct decision-making tool in the met-
astatic setting, but should not be used as a standalone tool. As noted in
the 1996 ASCO biomarker guideline,39 in the absence of readily mea-
surable disease, increasing CEA, CA 15-3, or CA 27-29 may be used to
indicate treatment failure. If monitoring of levels is performed, it
should only be performed in patients with documented elevation, and
a 20% to 30% change is required, along with supporting clinical
evidence, before considering discontinuation of therapy.39 Caution
should be used when interpreting increasing CEA, CA 15-3, or CA
27-29 level during the first 4 to 6 weeks of administration of a new
therapy, given that spurious early increases may occur. The clinical
validity of these markers, coupled with the clinical experience of Panel
members, led to the informal consensus to support the use of serial
CEA, CA 15-3, and CA 27-29 as adjunctive assessments to aid in
clinical decisions. Not one of the circulating markers has shown clin-
ical utility—by contemporary standards—to support its use as an
independent predictive marker.

Clinical Interpretation

The Panel reviewed the available data on markers evaluated to
guide decisions to discontinue or change therapy for metastatic breast
cancer and agrees there is no evidence for clinical utility, as defined by
the contemporary definition (ie, change in treatment based on the
marker is shown to improve patient outcome in a rigorous fashion).

The literature review and clinical interpretation for question 3
apply to all tumor subtypes: ER positive, PR positive, HER2 positive,
and triple negative.

CLINICAL QUESTION 4

For biomarkers shown to have clinical utility to guide decisions
on systemic therapy for metastatic disease in questions 2 and 3, what
are the appropriate assays, timing, and frequency of measurement?

Recommendation 4

Decisions for systemic therapy should be influenced by ER, PR,
and HER2. ASCO recently updated the guideline addressing optimi-
zation of HER2 assays.3 To date, clinical utility has not been demon-
strated for any additional biomarkers. (Type: informal consensus.
Evidence quality: low. Strength of recommendation: strong.)

Literature Review and Analysis

No studies have demonstrated clinical utility beyond ER, PR, and
HER2; the ASCO guidelines for these biomarkers are available at: http://
www.instituteforquality.org/recommendations-human-epidermal-
growth-factor-receptor-2-testing-breast-cancer-american-society
and http://www.instituteforquality.org/asco-cap-guideline-
recommendations-immunohistochemical-testing-estrogen-and-
progesterone-receptors. Given the special circumstances surrounding
CEA, CA 15-3, and CA 27-29, if a clinician chooses to use these serum
markers to aid in treatment decisions, these tests should be performed in
compliance with previously published ASCO guidelines.39

Clinical Interpretation

The Panel recommends that outside of clinical trials, the pro-
cess of clinical decision making should be informed by ER, PR, and
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HER2. Although other biomarkers are in active development, there
is insufficient evidence to demonstrate that their use improves
cancer outcomes.

The literature review and clinical interpretation for question 4
apply to all tumor subtypes: ER positive, PR positive, HER2 positive,
and triple negative.

PATIENT AND CLINICIAN COMMUNICATION

Patients (and family members or caregivers) should be educated about
the results of pathology tests and how they are used to develop treat-
ment plans tailored to the biology of patients’ cancers. Because many
newly diagnosed patients are under emotional stress and/or may be
unaccustomed to complex medical terminology, the use of easily
understood language (at an educational level that the patient can
understand) is key to clear communication. Asking patients to repeat
key pieces of information, providing written or recorded notes, and
using visual aids can help ensure that information is effectively com-
municated. Patients should be given a copy of their pathology report
and ER, PR, and HER2 test results. The clinician should review the
results with the patient, discuss any issues with the test interpretation
or performance, and ask if the patient has any additional questions
about the results.

Appendix Table A2 (online only), adapted from the guideline
update by Wolff et al,3 offers clinicians a set of discussion points for
communicating about the use of biomarkers to guide therapy deci-
sions for metastatic breast cancer.

HEALTH DISPARITIES

Although ASCO clinical practice guidelines represent expert recom-
mendations on the best practices in disease management to provide
the highest level of cancer care, it is important to note that many
patients have limited access to medical care. Racial and ethnic dispar-
ities in health care contribute significantly to this problem in the
United States. Patients with cancer who are members of racial/ethnic
minorities disproportionately experience comorbidities, experience
more substantial obstacles to receiving care, are more likely to be
uninsured, and are at greater risk of receiving poor-quality care than
other Americans.18,40-42 Many other patients lack access to care be-
cause of their geographic location and distance from appropriate
treatment facilities. Awareness of these disparities in access to care
should be considered in the context of this clinical practice guideline,
and health care providers should strive to deliver the highest level of
cancer care to these vulnerable populations.

The biomarker distribution of ER, PR, and HER2 status can vary
across tumors in patients with differing ethnic and racial back-
grounds.43 In addition to the biologic variability of ER, PR, and HER2
expression within breast cancer, there is evidence that disparities exist
in the frequency of biomarker testing in certain populations44 and that
these disparities are influenced by health insurance coverage.45 The
literature search performed for this guideline did not identify studies
that examined the clinical utility of biomarkers across ethnic, racial, or
socioeconomic backgrounds.

MULTIPLE CHRONIC CONDITIONS

Creating evidence-based recommendations to inform treatment of
patients with additional chronic conditions, a situation in which the
patient may have � two such conditions—referred to as multiple
chronic conditions (MCCs)—is challenging. Patients with MCCs are
a complex and heterogeneous population, making it difficult to
account for all of the possible permutations to develop specific
recommendations for care. In addition, the best available evidence
for treating index conditions, such as cancer, is often from clinical
trials, the study selection criteria of which may exclude these pa-
tients to avoid potential interaction effects or confounding of
results associated with MCCs. As a result, the reliability of outcome
data from these studies may be limited, thereby creating con-
straints for expert groups to make recommendations for care in
this heterogeneous patient population.

There have been reports of liver and renal dysfunction affecting
the values of serum tumor markers,46,47 which demonstrates that
MCCs may confuse the interpretation of serum tumor markers. There
is insufficient evidence to calibrate how MCCs may affect the results of
biomarker testing.

Given that many patients to whom guideline recommendations
apply may present with MCCs, any treatment plan needs to take into
account the complexity and uncertainty created by the presence of
MCCs and highlight the importance of shared decision making with
respect to guideline use and implementation. Therefore, in consider-
ation of recommended care for the target index condition, the clini-
cian should review all other chronic conditions present in the patient
and take those conditions into account when formulating the treat-
ment and follow-up plans.

In light of these considerations, practice guidelines should pro-
vide information on how to apply the recommendations for patients
with MCCs, perhaps as a qualifying statement for recommended care.
This may mean that some or all of the recommended care options are
modified or not applied, as determined by best practice in consider-
ation of any MCC.

GUIDELINE IMPLEMENTATION

ASCO guidelines are developed for implementation across health
settings. Barriers to implementation include the need to increase
awareness of the guideline recommendations among front-line prac-
titioners and survivors of cancer and caregivers and also to provide
adequate services in the face of limited resources. The guideline Bot-
tom Line Box was designed to facilitate implementation of recom-
mendations. This guideline will be distributed widely through the
ASCO Practice Guideline Implementation Network. ASCO guide-
lines are posted on the ASCO Web site and usually published in
Journal of Clinical Oncology and Journal of Oncology Practice.

LIMITATIONS OF THE RESEARCH

The research on predictive biomarkers in metastatic breast cancer is
limited by the lack of prospective confirmatory studies, limited clinical
utility, and, in many cases, the lack of clinical validity and reproduc-
ibility of the assays available for use. The Expert Panel awaits the
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completion and publication of ongoing and completed randomized
trials to confirm and demonstrate the clinical utility of some of these
assays. Extensive research is needed to identify and validate some of
the biomarker candidates described.

ASCO believes that cancer clinical trials are vital to inform med-
ical decisions and improve cancer care and that all patients should
have the opportunity to participate.

FUTURE DIRECTIONS

One of the most important conclusions from this guideline is the
compelling need for further research on this topic. With the substan-
tial advances in treatment of women with advanced disease, including
improved survival in metastatic breast cancer48 that is thought to be
partly a result of improved targeted therapy with drugs such as trastu-
zumab, motivation for identifying robust biomarkers of response to
therapy is clear. However, the study of biomarkers continues to lag
behind that of the therapies themselves, because historically, this has
not been an area of robust research. The reasons are multifactorial and
include lack of a clear framework for conducting biomarker studies,
lack of substantial investment by pharmaceutical companies and aca-
demic centers, and challenges in identifying cohorts of samples that
could be adequately studied. However, these issues are changing, as
exemplified by excellent publications on how to conduct biomarker
research that will show robust evidence of patient impact,10,11,13,49

increased interest by pharmaceutical companies in so-called compan-

ion diagnostics, and an increase in funding mechanisms by the Na-
tional Cancer Institute, emphasizing the importance of this kind of
work. In this era of molecular medicine and patient-centered care, it is
critical that the medical community continue to lobby for and con-
duct high-quality biomarker research for women with advanced
breast cancer.

ADDITIONAL RESOURCES

More information, including a Data Supplement with additional evi-
dence tables, a Methodology Supplement with information about evi-
dence quality and strength of recommendations, slide sets, and clinical
tools and resources, is available at http://www.asco.org/guidelines/
metastaticbreastmarkers. Patient information is available at http://
www.cancer.net.
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Appendix

Table A1. Panel Members

Member Affiliation

Lyndsay N. Harris, MD (co-chair) Seidman Cancer Center, Case Western Reserve University, Cleveland, OH
Catherine Van Poznak, MD (co-chair, PGIN representative) University of Michigan Comprehensive Cancer Center, Ann Arbor, MI
Robert C. Bast, MD University of Texas MD Anderson Cancer Center, Houston, TX
Massimo Cristofanilli, MD Thomas Jefferson University–Kimmel Cancer Center, Philadelphia, PA
Elizabeth G. Hill, PhD Medical University of South Carolina, Hollings Cancer Center, Charleston, SC
Matthew P. Goetz, MD Mayo Clinic, Rochester, MN
Daniel F. Hayes, MD University of Michigan Comprehensive Cancer Center, Ann Arbor, MI
David G. Hicks, MD University of Rochester Medical Center, Rochester, NY
Minetta C. Liu, MD Mayo Clinic, Rochester, MN
Wanda Lucas, MBA (patient representative) Georgetown University, Washington, DC
Ingrid A. Mayer, MD, MSCI Vanderbilt University Medical Center and Vanderbilt-Ingram Cancer Center, Nashville, TN
Robert G. Mennel, MD Texas Oncology, Dallas, TX
William F. Symmans, MD University of Texas MD Anderson Cancer Center, Houston, TX

Abbreviation: PGIN, Practice Guideline Implementation Network.

Table A2. Suggested Discussion Points Between Patient and Medical Provider on Use of Biomarkers to Guide Therapy Decisions for Metastatic Breast Cancer

Preamble

Establish how patient prefers to receive information and patient’s perceptions of his or her diagnosis as well as tumor factors that might influence decision
making

Educate patient (and family members or caregivers) about results of tests and how they are used to develop treatment plan tailored to biology of cancer
Use of easily understood language (at educational level patient can understand) is key to clear communication

Key Point Action

Explain importance of determining
biologic characteristics of
breast cancer

Patients should understand that most common biologic tests are for ER, PR, and HER2 and that testing for these markers
is important to select appropriate treatment; patients should be informed about which tests were performed and
expected turnaround time for these tests

Patients and clinicians should understand that wide range of biomarker tests are technically possible, but only ER, PR,
and HER2 have demonstrated clinical validity for metastatic breast cancer

Patients should understand that assay validity and clinical validity of biomarker are important steps in test development
but by themselves are insufficient to guide treatment decisions outside of clinical trial

Explain importance of ER, PR,
and HER2 testing

Patients should understand that ER, PR, and HER2 status determines whether certain drugs (eg, endocrine therapy,
trastuzumab, lapatinib, pertuzumab, T-DM1) are recommended; they should have understanding of means by which
markers serve as prognostic and predictive factors

Patient should be informed that Panel informal consensus for management of care when there is discordance of ER, PR,
or HER2 results between primary and metastatic tissues is to use ER, PR, or HER2 status from metastasis to direct
therapy, if supported by clinical scenario and patient’s goals for care

Explain types of tests used to
determine ER, PR, and HER2
status

Patients should understand that there are different FDA-approved testing methods that detect ER, PR, and HER2 status,
including evaluation of protein overexpression and presence of genetic alterations (eg, gene alterations)

Guidelines are in place for testing biomarkers on tumor specimens; patients may be referred to ASCO/CAP guideline
update on ASCO or CAP Web site for additional patient-focused information

Explain interpretation of ER, PR,
and HER2 test results

Patients should understand that although most test results are definitively positive or negative, there are equivocal results
that require additional testing using alternative test or using same or alternative test on different portion of same
specimen (different block); oncologist or pathologist may recommend additional testing using different type of tumor
specimen (eg, surgical excision v core biopsy), if available

Unfortunately, some results remain indeterminate or inconsistent with other histopathologic findings; in such cases, final
treatment decision to consider treatment with ER-, PR-, or HER2-targeted therapy should be made after consultation
between pathologist and oncologist and discussion with patient

Explain importance of retesting
ER, PR, and HER2 status in
new, metastatic tumors

Patients should understand that ER, PR, and HER2 status may occasionally be different (discordant) when comparing
previous primary tumor and site of recurrence or in setting of multiple simultaneous metastatic sites; in some cases, it
is not possible to fully differentiate between true biologic change, tumor heterogeneity, or variability in performance of
assay

NOTE. Adapted with permission.3

Abbreviations: ASCO, American Society of Clinical Oncology; CAP, College of American Pathologists; ER, estrogen receptor; FDA, US Food and Drug
Administration; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor; T-DM1, trastuzumab emtansine.
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