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Purpose
To update the recommendations for the use of tumor marker tests in the prevention, screening,

treatment, and surveillance of breast cancer.

Methods
For the 2007 update, an Update Committee composed of members from the full Panel was

formed to complete the review and analysis of data published since 1999. Computerized literature
searches of MEDLINE and the Cochrane Collaboration Library were performed. The Update
Committee’s literature review focused attention on available systematic reviews and meta-
analyses of published tumor marker studies. In general, significant health outcomes (overall
survival, disease-free survival, quality of life, lesser toxicity, and cost-effectiveness) were used for
making recommendations.

Recommendations and Conclusions
Thirteen categories of breast tumor markers were considered, six of which were new for the

guideline. The following categories showed evidence of clinical utility and were recommended for
use in practice: CA 15-3, CA 27.29, carcinoembryonic antigen, estrogen receptor, progesterone
receptor, human epidermal growth factor receptor 2, urokinase plasminogen activator, plasmino-
gen activator inhibitor 1, and certain multiparameter gene expression assays. Not all applications
for these markers were supported, however. The following categories demonstrated insufficient
evidence to support routine use in clinical practice: DNA/ploidy by flow cytometry, p53, cathepsin
D, cyclin E, proteomics, certain multiparameter assays, detection of bone marrow micrometasta-

ses, and circulating tumor cells.
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The American Society of Clinical Oncology
(ASCO) first published evidence-based clinical
practice guidelines for the use of tumor markers
in breast cancer in 1996. ASCO guidelines are
updated at intervals by an Update Committee
of the original Expert Panel. The last update of
the tumor markers guideline was published in
2000. For the 2007 update, the Panel expanded
the scope of the guideline to include a broader
range of markers in breast cancer. In addition,
the impact of genomic technologies was consid-
ered in the Update. While molecular subtyping
is still in its infancy, and subgroups are not well
defined, the use of multiparameter technologies
in clinical practice has considerable potential.
The updated recommendations are summa-
rized in Table 1.

For the 2007 update, an Update Committee com-
posed of members from the full Panel was formed
to complete the review and analysis of data pub-
lished since 1999 (Appendix Table Al). Computer-
ized literature searches of MEDLINE and the
Cochrane Collaboration Library were performed.
The searches of the English-language literature
spanned 1999 to February 2007 (or from 1966 to
February 2007 for the new markers). Details of the
literature searches are provided in the Appendix.
The Update Committee’s literature review fo-
cused attention on available systematic reviews and
meta-analyses of published tumor marker studies,
although primary data were also reviewed. By and
large, however, the primary literature is character-
ized by studies that included small patient numbers,
that are retrospective, and that commonly perform
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Table 1. Summary of Guideline Recommendations

Recommendations for the Use of Tumor Markers in Breast Cancer

Specific Marker

2007 Recommendation

CA 15-3 and CA 27.29 as markers for breast cancer as screening,

diagnostic, or staging tests

CA 15-3 and CA 27.29 to detect
recurrence after primary breast
cancer therapy

CA 15-3 and CA 27.29 to contribute to decisions regarding

therapy for metastatic breast cancer

CEA for screening, diagnosis, staging,
or routine surveillance of breast
cancer patients after primary
therapy

CEA to contribute to decisions regarding therapy for
metastatic breast cancer

ERs and PgRs

DNA flow cytometry-based parameters

Immunohistochemically based markers
of proliferation (Note: This topic is
new to the guideline)

HER2 evaluation in breast cancer

HER?Z to define prognosis for early-
stage breast cancer patients in the
absence of systemic therapy

HER?Z to select patients for anti-HER2-based therapy

The utility of HERZ2 for predicting
response to specific
chemotherapeutic agents

HER2 to determine sensitivity to endocrine therapy

Utility of circulating extracellular domain
of HER-2

p53 as a marker for breast cancer

(continued on following page)

Present data are insufficient to recommend CA 15-3 or CA 27.29 for screemng,

diagnosis, and staging. There is no chang from the g p
in 2000.

Present data do not support the use of CA 15-3 and CA 27.29 for monitoring
patients for recurrence after primary breast cancer therapy. There is no
change from the guideline published in 2000.

For monitoring patients with metastatic disease during active therapy, CA
27.29 or CA 15-3 can be used in conjunction with diagnostic imaging,
history, and physical examination. Present data are insufficient to
recommend use of CA 15-3 or CA 27.29 alone for monitoring response to
treatment. However, in the absence of readily measurable disease, an
increasing CA 15-3 or CA 27.29 may be used to indicate treatment failure.
Caution should be used when interpreting a rising CA 27.29 or CA 15-3 level
during the first 4-6 weeks of a new therapy since spunous early rises may
occur. There is no change from the g hed in 2000.

CEA is not recommended for screening, dlagn03|s, staging, or routine
surveillance of breast cancer patients after primary therapy. There is no
change from the guideline published in 2000.

For monitoring patients with metastatic disease during active therapy, CEA can
be used in conjunction with diagnostic imaging, history, and physical
examination. Present data are insufficient to recommend use of CEA alone
for monitoring response to treatment. However, in the absence of readily
measurable disease, an increasing CEA may be used to indicate treatment
failure. Caution should be used when interpreting a rising CEA level during
the first 4-6 weeks of a new therapy, since spurious early rises may occur.
There is no change from the guideline published in 2000.

ER and PgR should be measured on every primary invasive breast cancer and
may be measured on metastatic lesions if the results would influence
treatment planning. In both pre-and postmenopausal patients, steroid
hormone receptor status should be used to identify patients most likely to
benefit from endocrine forms of therapy in both the early breast cancer and
metastatic disease settings. In patients with DCIS who are candidates for
hormonal therapy, data are insufficient to recommend routine measurement
of ER and PgR for therapy recommendations.

Present data are insufficient to recommend use of DNA content, S phase, or
other flow cytometry—based markers of proliferation to assign patients to
prognostic groups. There is no change from the guideline published in
2000.

Present data are insufficient to recommend measurement of Ki67, cyclin D,
cyclin E, p27, p21, thymidine kinase, topoisomerase I, or other markers of
proliferation to assign patients to prognostic groups.

HER2 expression and/or amplification should be evaluated in every primary
invasive breast cancer either at the time of diagnosis or at the time of
recurrence, principally to guide selection of trastuzumab in the adjuvant and/
or metastatic setting. Other utilities for HER2 evaluation are also discussed
separately above.

HER2 amplification, overexpression, and the presence of HER2 extracellular
domain are generally associated with a poorer prognosis. However, the value
of this information in clinical practice is questionable and the use of HER2 for
determining prognosis is not recommended. There is no change from the
guideline published in 2000.

High levels of tissue HER2 expression or HER2 gene amplification should be
used to identify patients for whom trastuzumab may be of benefit for
treatment of breast cancer in the adjuvant or metastatic disease settings.
There is no change from the guideline published in 2000.

Level Il evidence (prospective therapeutic trials in which marker utility is a
secondary study objective) suggests that overexpression of HER2 (3+ by
protein or > 2.0 FISH ratio by gene amplification) identifies patients who
have greater benefit from anthracycline-based adjuvant therapy. If a clinician
is considering chemotherapy for a patient with HER2-positive breast cancer,
it is recommended that an anthracycline be strongly considered, assuming
there are no contraindications to anthracycline therapy. In the context of
trastuzumab therapy, there is Level | evidence (single, high-powered,
prospective, randomized, controlled trials specifically designed to test the
marker or a meta-analyses of well-designed studies) that a nonanthracycline
regimen may produce similar outcomes. At present, the Update Committee
does not recommend that HER2 be used to guide use of taxane chemothera-
py in the adjuvant setting.

HER2 should not be used to withhold endocrine therapy for a patient with
hormone receptor—positive breast cancer, nor should it be used to select one
specific type of endocrine therapy over another. There is no change from
the guideline published in 2000.

Measuring circulating extracellular domain of HER2 is not currently
recommended for any clinical setting. There is no change from the
guideline published in 2000.

Present data are insufficient to recommend use of p53 measurements for
management of patients with breast cancer. There is no change from the
guideline published in 2000.
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Table 1. Summary of Guideline Recommendations

Recommendations for the Use of Tumor Markers in Breast Cancer

Specific Marker

2007 Recommendation

UPA and PAI-1 as a marker for breast
cancer (Note: This topic is new to
the guideline)

Cathepsin D as a marker for breast cancer

Cyclin E fragments as markers for
breast cancer (Note: This topic is
new to the guideline)

Proteomic analysis for breast cancer
(Note: This topic is new to the guideline)

Multiparameter gene expression
analysis for breast cancer (Note:
This topic is new to the guideline)

Bone marrow micrometastases as markers for breast cancer
(Note: This topic is new to the guideline)

Circulating tumor cell assays as
markers for breast cancer (Note:
This topic is new to the guideline)

uPA/PAI-1 measured by ELISAs on a minimum of 300 mg of fresh or frozen
breast cancer tissue may be used for the determination of prognosis in
patients with newly diagnosed, node negative breast cancer. IHC for these
markers is not accurate, and the prognostic value of ELISA using smaller
tissue specimens has not been validated. Low levels of both markers are
associated with a sufficiently low risk of recurrence, especially in hormone
receptor—positive women who will receive adjuvant endocrine therapy, that
chemotherapy will only contribute minimal additional benefit. Furthermore,
CMF-based adjuvant chemotherapy provides substantial benefit, compared
with observation alone, in patients with high risk of recurrence as
determined by high levels of uPA and PAI-1.

Present data are insufficient to recommend use of cathepsin D measurements
for management of patients with breast cancer. There is no change from
the guideline published in 2000

Present data are insufficient to recommend use of whole length or fragment
measurements of cyclin E for management of patients with breast cancer.

Present data are insufficient to recommend use of proteomic patterns for
management of patients with breast cancer.

In newly diagnosed patients with node-negative, estrogen-receptor positive
breast cancer, the Oncotype DX assay can be used to predict the risk of
recurrence in patients treated with tamoxifen. Oncotype DX may be used to
identify patients who are predicted to obtain the most therapeutic benefit
from adjuvant tamoxifen and may not require adjuvant chemotherapy. In
addition, patients with high recurrence scores appear to achieve relatively
more benefit from adjuvant chemotherapy (specifically (C)MF) than from
tamoxifen. There are insufficient data at present to comment on whether
these conclusions generalize to hormonal therapies other than tamoxifen, or
whether this assay applies to other chemotherapy regimens. The precise
clinical utility and appropriate application for other multiparameter assays,
such as the MammaPrint assay, the “Rotterdam Signature,” and the Breast
Cancer Gene Expression Ratio are under investigation.

Present data are insufficient to recommend assessment of bone marrow
micrometastases for management of patients with breast cancer.

The measurement of circulating tumor cells (CTCs) should not be used to
make the diagnosis of breast cancer or to influence any treatment decisions
in patients with breast cancer. Similarly, the use of the recently FDA-cleared
test for CTC (CellSearch Assay) in patients with metastatic breast cancer
cannot be recommended until further validation confirms the clinical value of
this test.

Abbreviations: CEA, carcinoembryonic antigen; ER, estrogen receptor; PgR, progesterone receptor; DCIS, ductal carcinoma in situ; FISH, fluorescent in situ
hybridization; uPA, urokinase plasminogen activator; PAI-1, plasminogen activator inhibitor 1; ELISA, enzyme-linked immunosorbent assay; IHC, immunohistochem-
istry; CMF, cyclophosphamide, methotrexate, and fluorouracil; FDA, US Food and Drug Administration.

multiple analyses until one reveals a statistically significant result.
Furthermore, many tumor marker studies fail to include descriptions
of how patients were treated or analyses of the marker in different
treatment subgroups. The Update Committee hopes that adherence
to a recently published set of suggested guidelines for reporting of
tumor marker results (designated the Reporting Recommendations
for Tumor Marker Prognostic Studies [REMARK] criteria) will pro-
vide more informative data sets in the future."*

The Update Committee has attempted to review tumor markers
in reference to a Levels of Evidence framework, which defines the
quality of the data on a given marker.” Most published studies could be
designated as Level of Evidence III (evidence from large but retrospec-
tive studies), which may generate hypotheses but are insufficient to
change clinical practice. The Update Committee attempted, wherever
possible, to base the updated recommendations on studies deemed to
be Level of Evidence II (prospective therapeutic trials in which marker
utility is a secondary study objective), or, ideally, Level of Evidence I
(single, high-powered, prospective, randomized controlled trials spe-
cifically designed to test the utility of the marker or meta-analyses of
well-designed studies).

The Update Committee had two face-to-face meetings to con-
sider the evidence for each of the 2000 recommendations. The guide-
line was circulated in draft form to the Update Committee. ASCO’s

WWW.jco.org

Health Services Committee and the ASCO Board of Directors also
reviewed the final document.

It is important to emphasize that guidelines and technology
assessments cannot always account for individual variation among
patients. They are not intended to supplant physician judgment
with respect to particular patients or special clinical situations, and
cannot be considered inclusive of all proper methods of care or
exclusive of other treatments reasonably directed at obtaining the
same result.

Accordingly, ASCO considers adherence to this guideline
assessment to be voluntary, with the ultimate determination
regarding its application to be made by the physician in light of
each patient’s individual circumstances. In addition, this guide-
line describes the use of procedures and therapies in clinical
practice; it cannot be assumed to apply to the use of these inter-
ventions performed in the context of clinical trials, given that
clinical studies are designed to evaluate or validate innovative
approaches in a disease for which improved staging and treat-
ment is needed. In that guideline development involves a review
and synthesis of the latest literature, a practice guideline also
serves to identify important questions and settings for fur-
ther research.
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CA 15-3 AND CA 27.29 AS MARKERS FOR
BREAST CANCER

2007 recommendation for CA 15-3 and CA 27.29 as screening,
diagnostic, or staging tests. Present data are insufficient to recommend
CA 15-3 or CA 27.29 for screening, diagnosis, and staging. There is no
change from the original guideline.

Literature update and discussion. CA 15-3 and CA 27.29 are
well-characterized assays that allow the detection of circulating
MUC-1 antigen in peripheral blood. Several studies have been pub-
lished since the last ASCO guideline that support the prognostic rele-
vance of this circulating marker in early-stage breast cancer.*® In one
study of 1,046 patients, Ebeling et al* reported CA 15-3 to be a predic-
tor of worse outcome in univariate but not multivariate analysis in-
cluding tumor size, lymph node status, histologic grade, and estrogen
receptor (ER) status. Gion et al® further reported a highly significant
prognostic contribution for CA 15-3 in a Cox regression model that
included age, ER status, and tumor stage in a group of 362 node-
negative breast cancers. While it is likely that serum tumor markers
CA 15-3 and CA 27.29 have prognostic value, their role in the man-
agement of early-stage breast cancer is unclear.”'® It has yet to be
determined that MUC-1-based serum markers are helpful in making
treatment decisions in this setting. Therefore, the Update Committee
did not recommend their measurement at diagnosis.

2007 recommendation for CA 15-3 and CA 27.29 to detect recur-
rence after primary breast cancer therapy. Present data do not support
the use of CA 15-3 and CA 27.29 for monitoring patients for recur-
rence after primary breast cancer therapy. There is no change from the
guideline published in 2000.

Literature update and discussion. Several well-designed studies
have shown that an increase in CA 15-3 or CA 27.29 after primary
and/or adjuvant therapy can predict recurrence an average of 5 to 6
months before other symptoms or tests. While additional studies have
been published since the last ASCO guideline that address the value of
these serum markers at detecting recurrence,'' ™ there are no pro-
spective randomized clinical trials to demonstrate whether detection
and treatment of occult or asymptomatic metastases using tumor
markers impact on the most significant outcomes (disease-free sur-
vival, overall survival, quality of life, toxicity, or cost-effectiveness).
Although the assay was approved by the US Food and Drug Admin-
istration, the US Food and Drug Administration does not require tests
to show clinical benefit if that is not part of the manufacturer’s indi-
cation. Given the limited evidence, and until clinical benefit is estab-
lished, present data are insufficient to recommend routine use of CA
15.3 or CA 27.29 for this application. This recommendation is in line
with that of the ASCO guideline for follow-up and management of
patients with breast cancer.’

2007 recommendation for CA 15-3 and CA 27.29 to contribute to
decisions regarding therapy for metastatic breast cancer. For monitor-
ing patients with metastatic disease during active therapy, CA 27.29 or
CA 15-3 can be used in conjunction with diagnostic imaging, history,
and physical examination. Present data are insufficient to recommend
use of CA 15-3 or CA 27.29 alone for monitoring response to treat-
ment. However, in the absence of readily measurable disease, an in-
creasing CA 15-3 or CA 27.29 may be used to indicate treatment
failure. Caution should be used when interpreting a rising CA 27.29 or
CA 15-3 level during the first 4 to 6 weeks of a new therapy, given that

spurious early rises may occur. There is no change from the guideline
published in 2000.

Literature update and discussion. No relevant studies were iden-
tified from the review of the literature conducted for this topic.

CARCINOEMBRYONIC ANTIGEN AS A MARKER FOR
BREAST CANCER

2007 recommendation for carcinoembryonic antigen for screening,
diagnosis, staging, or routine surveillance of breast cancer patients after
primary therapy. Carcinoembryonic antigen (CEA) is not recom-
mended for screening, diagnosis, staging, or routine surveillance of
breast cancer patients after primary therapy. There is no change from
the guideline published in 2000.

Literature update. No relevant studies were identified from the
review of the review of literature conducted for this topic.

2007 recommendation for CEA to contribute to decisions regarding
therapy for metastatic breast cancer. For monitoring patients with
metastatic disease during active therapy, CEA can be used in conjunc-
tion with diagnostic imaging, history, and physical examination.
Present data are insufficient to recommend use of CEA alone for
monitoring response to treatment. However, in the absence of readily
measurable disease, an increasing CEA may be used to indicate treat-
ment failure. Caution should be used when interpreting a rising CEA
level during the first 4 to 6 weeks of a new therapy, given that spurious
early rises may occur. There is no change from the guideline published
in 2000.

Literature update and discussion. CEA levels are less commonly
elevated than are levels of the MUC-1 assays, CA 27.29, or CA 15-3.
Only 50% to 60% of patients with metastatic disease will have elevated
CEA levels, compared with 75% to 90% who have elevated levels of the
MUC-1 antigen.'”** CEA levels are minimally complementary with
MUC-1 levels. For example, in one study of 53 women with metastatic
breast cancer, CA 15-3 and CEA levels were elevated in 94% and 69%,
respectively. CEA was elevated in only a single case in which CA 15-3
was not.”> Nonetheless, in several studies there have been selected
cases in which CEA is informative (elevated) and CA 15-3 or CA 27.29
is not.">**>! Qlder studies suggest that, like the MUC-1 assays, CEA
levels appear to track with disease status.*>**>* Taken together, these
data suggest that it is reasonable to evaluate one of the MUC-1 assays
and CEA initially in a patient with metastatic disease. If the MUC-1
assay is elevated, there appears to be no role for monitoring CEA, but
if not, then CEA levels may provide supplementary information to the
clinician in addition to clinical and radiographic investigations.

ERs AND PROGESTERONE RECEPTORS AS MAARKERS
FOR BREAST CANCER

2007 recommendation for ERs and progesterone receptors. ER and
progesterone receptor (PgR) should be measured on every primary
invasive breast cancer and may be measured on metastatic lesions if
the results would influence treatment planning. In both pre- and
postmenopausal patients, steroid hormone receptor status should be
used to identify patients most likely to benefit from endocrine forms of
therapy in both the early breast cancer and metastatic disease settings.
In patients with ductal carcinoma in situ (DCIS) who are candidates
for hormonal therapy, data are insufficient to recommend routine
measurement of ER and PgR for therapy recommendations.

Literature update and discussion. ER and probably PgR content
are associated with a favorable prognosis, and more importantly,
highly predictive of benefit from endocrine treatment in both the
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adjuvant and metastatic settings.’>>” These treatments include ta-
moxifen, ovarian ablation (surgical or chemical), aromatase inhibitors
(anastrazole, letrozole, exemestane), and irreversible ER inhibitors
(eg, fulvestrant). Endocrine treatments are used for prevention of new
cancers and of recurrent distant metastases as well as for the treatment
of metastatic disease.”® Fortunately, the majority of contemporary
clinical trials have incorporated estrogen and progesterone receptor
testing with the evaluation of newer antiestrogens and continue to
demonstrate the value of these markers for predicting response to
hormonal therapy.*® Nonetheless, the Update Committee acknowl-
edges the deficits in standardization for ER and PgR assays (in partic-
ular, immunohistochemistry [IHC]), and further efforts at defining
reproducibility and accuracy for particular reagents are an important
priority. With those caveats, the previous guideline recommendations
regarding the use of ER and PgR for diagnosis and treatment of
invasive breast cancer remain unchanged.

A topic that has emerged since the 2000 update is the potential
role of hormone receptor determination in the management of
DCIS. DCIS is a complex group of diseases that have diverse
outcomes and account for approximately 20% to 30% of breast
cancer cases.’”*> Most physicians accept the concept that high
nuclear grade and necrosis predict a worse outcome for patients
with DCIS.**™*® Although ER negativity is associated with a worse
outcome in patients with DCIS, it is not an independent predictor
in the context of high nuclear grade and necrosis.*” Therefore the
Update Committee does not recommend the use of the ER as a
predictor of outcome in patients with DCIS.

The current treatment options for DCIS include mastectomy,
lumpectomy followed by breast radiation therapy,”* > or lumpec-
tomy alone in selected patients.>*>” The addition of tamoxifen to
the lumpectomy followed by breast radiation therapy is supported
by the National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-24 trial,”"® which showed a significant decrease in the
recurrence of both in situ and invasive breast cancer in the tamox-
ifen group, with no impact on overall survival. A single report,
available in abstract form only, suggested the benefits of tamoxifen
in regard to reduction of local recurrence, and second primary
breast cancers might be confined to those patients whose original
DCIS expressed ER.”® Another large randomized trial of adjuvant
tamoxifen in DCIS, the United Kingdom Coordinating Committee

on Cancer Research trial, failed to show an advantage for the
tamoxifen-treated group in either the recurrence of breast cancer
or overall survival.’*> Data from the Early Breast Cancer Trialists’
Collaborative Overview are mixed regarding whether the hor-
mone responsiveness of a contralateral breast cancer is related to
the ER content of the first primary.*® These data were retrospective
in design at best. At present, the Update Committee felt that data
were insufficient to support using the ER status of DCIS to elect
to treat with or withhold tamoxifen in a patient who undergoes
breast preservation.

MARKERS OF PROLIFERATION

2007 recommendation for flow cytometry—based proliferation
markers. Present data are insufficient to recommend use of DNA
content, S phase, or other flow cytometry—based markers of prolifer-
ation to assign patients to prognostic groupings. There is no change
from the guideline published in 2000.

Literature update and discussion. DNA flow cytometry determi-
nation of S phase is one of several markers of proliferative rate in breast
tumor specimens. In general, markers of elevated proliferative rate
correlate with a worse prognosis in untreated patients, and may pre-
dict benefit from chemotherapy.®® The implementation of DNA flow
cytometry as a marker of proliferative rate is complicated by the
variation in methods of tissue preparation and differences in instru-
mentation and methods for converting information on the histo-
grams to the S-phase estimate. In addition, interpretation of
individual studies is complicated by the fact that many are too small to
have statistical power, cut-offs have not been prospectively defined,
and study populations have not been controlled for adjuvant
systemic treatments.

Table 2 summarizes results published from 1999 to 2004 show-
ing the prognostic value of S phase on outcome of node-negative
patients. In studies with more than 200 patients, S phase was a consis-
tent univariate predictor of outcome, whereas smaller studies were
generally negative. The prognostic value seen in the larger studies was
usually maintained after multivariate analysis. In the one large study
where multivariate analysis did not confirm its value, the inclusion of
another measure of mitotic index eliminated S phase. Of the five larger
studies, one that claimed to use prospectively defined methodologies
and cut points was strongly positive.®'

Table 2. Recent Studies of S Phase and Ploidy in Breast Cancer (1999-2007)

No. of F/U

Reference Patients (months) Tx Cut Point os* DFS* oSt DFST
Michels et al? 476 48 No Tertiles Y Y (3.0) NA Y
Chassevent et al®® 408 69 20% C Tertiles NA Y NA Y (3.7)
Mandard et al®" 281 82 50% Tertiles Y Y N N
Malmstrém et al* 237nn 48 8% C, 4% H 12% Y Y NA Y (3.8)
Lackowska et al®® 209 74 NA NA NA Y NA Y
Pinto et al®® 175 40 NA 6.1% N N N N
Prasad et al®” 129 144 NA 6% N N N N
Harbeck et al®® 125 72 NA 6% N Y N N
Reed et al®® 115 > 60 NA Continuous N N N N

improvement in end point; N, no significant improvement in end point.
*Univariate; numeric values represent relative risk.
TMultivariate; numeric values represent relative risk.

Abbreviations: F/U, follow-up; Tx, treatment; OS, overall survival; DFS, disease-free survival; NA, not available; C, chemotherapy; H, hormonal therapy; Y, significant
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Because of the technical variation in flow cytometry determina-
tion of S phase, it is not possible to endorse results produced by all
methodologies. Nonetheless, if the flow cytometry—determined S
phase is determined using a validated method, in a laboratory with
experience using the technique, it appears that an elevated S-phase
fraction is associated with a worse outcome (Table 2). However, the
data are insufficiently consistent to recommend routine use of flow
cytometry to make clinical decisions.

2007 recommendation for immunohistochemically based markers
of proliferation in breast cancer. Present data are insufficient to rec-
ommend measurement of Ki67, cyclin D, cyclin E, p27, p21, thymi-
dine kinase (TK), topoisomerase II, or other markers of proliferation
to assign patients to prognostic groupings.

Marker definition. Additional markers of proliferation have
been measured by IHC to determine their prognostic and predictive
value in breast cancer. These include but are not limited to Ki 67, TK,
cyclin E, cyclin D, cyclin inhibitors p27 and p21, and topoisomerase
Iee. These measures of proliferation are typically enzymes involved in
DNA metabolism (eg, TK), cell cycle checkpoint functions (eg, cyclins,
P27, p21), and DNA-modifying enzymes (eg, topoisomerase II). Ki67,
MIB-1 and PCNA are proliferating cell nuclear antigens of unknown
function and are present exclusively in dividing cells.

Literature review and discussion. The prognostic and predictive
role of Ki67, cyclin D, cyclin E, p27, p21, TK, and topoisomerase IIa
are discussed by Colozza et al*® in an exceptionally thorough review of
132 articles including 159,516 patients. The authors appropriately
point out that all studies concerning these markers are level IV or III at
best, and demonstrate the difficulty in interpreting the literature due
to lack of standardization of assay reagents, procedures, and scoring.
In addition, the majority of marker studies address the prognostic role
of the marker, whereas studies of the predictive value for efficacy of
treatment are either lacking or performed on small sample sizes with-
outarandomized comparison for a particular marker. These issues led
the authors to conclude that Ki67, cyclin D, cyclin E, p27, p21, TK, and
topoisomerase II are not recommended for clinical practice. The Up-
date Committee concurs with these conclusions and refers the reader
to this elegant review for additional details. In addition, cyclin E is
discussed further in this guideline.

HER2 AS A MARKER FOR BREAST CANCER

2007 recommendation for HER2 evaluation in breast cancer.
HER2 expression and/or amplification should be evaluated in every
primary invasive breast cancer either at the time of diagnosis or at the
time of recurrence, principally to guide selection of trastuzumab in the
adjuvant and/or metastatic setting. Other utilities for HER2 evalua-
tion are also discussed separately below.

Literature update and discussion. HER2 is a member of the epi-
dermal growth factor receptor (EGFR) family.” It is amplified and
overexpressed in 15% to 30% of newly diagnosed breast cancers and is
associated with more aggressive behavior.”" Several potential clinical
applications have been proposed for determination of HER2 status in
breast cancer patients, including (1) determination of prognosis in
untreated patients; (2) prediction of resistance to endocrine therapy or
of selective resistance to tamoxifen but not aromatase inhibitors; (3)
prediction of relative resistance to certain chemotherapies, such as
cyclophosphamide, methotrexate, and fluorouracil (CMF) —like reg-
imens; (4) prediction of benefit from anthracycline or paclitaxel; and
(5) prediction of benefit from anti-HER?2 therapies, in particular tras-

tuzumab and lapatinib. Circulating HER2 extracellular domain
(ECD) levels have been proposed as a surrogate for tissue measures of
HER2, to monitor patients for early relapse or to monitor response to
standard therapies or HER2-targeted therapies. These utilities were
considered and commented on in the Guideline. HER2 can be mea-
sured in tissue by assays for expression, most commonly by IHC, or for
gene amplification, most commonly by fluorescent in situ hybridiza-
tion (FISH). A separate Expert Panel convened jointly by the College
of American Pathologists (CAP) and ASCO has recently published a
set of guideline recommendations regarding analysis of tissue HER2
status, in which it was strongly recommended that laboratories offer-
ing this service be accredited on an annual basis.”* The Update Com-
mittee endorses the ASCO-CAP guideline; hence, this topic was not
covered further in the present guideline update.

The ECD of HER2 can be detected in serum or plasma, most
commonly by a commercially available enzyme-linked immunosor-
bent assay (ELISA), and is elevated in approximately 30% of patients
with metastatic breast cancer.”***

2007 recommendations for HER2 to define prognosis for early-stage
breast cancer patients in the absence of systemic therapy. HER2 ampli-
fication, overexpression, and the presence of HER2 extracellular do-
main are generally associated with a poorer prognosis. However, the
value of this information in clinical practice is questionable and the use
of HER2 for determining prognosis is not recommended. There is no
change from the guideline published in 2000.

Literature update and discussion. The prognostic significance of
HER2 overexpression in tumor tissue has been evaluated in several
clinical trials with most, but not all, studies suggesting that HER2
positivity is associated with worse prognosis in untreated pa-
tients.”"*>% Due to the variability in immunohistochemical assays
and scoring systems used, there is insufficient evidence to endorse
THC-based testing for HER2 in determining prognosis for breast can-
cer patients. The results of HER2 amplification as a prognostic factor
are more consistent, with HER2 amplification usually associated with
worse prognosis, including node-negative populations.*” As dis-
cussed below, most studies of serum HER-2 extracelluar domain have
found an association with higher tumor stage and increased tumor
burden.”***" As might be expected, elevated levels of HER2/ECD
correlate with worse prognosis.”>*> However, serum HER2 appears to
retain its prognostic effect in multivariate models, suggesting a bio-
logic role beyond its association with HER-2 tissue expression.®>?*
While the weight of evidence suggests that HER2 amplification/over-
expression and/or shedding of ECD are associated with worse out-
come, the role of this marker purely to determine prognosis in clinical
practice is unclear, given that outcomes are so heavily influenced by
subsequent therapy. Hence, the Update Committee does not recom-
mend the measurement of HER2, by any method, for the sole purpose
of determination of patient prognosis.

2007 recommendation for use of HER2 to select patients for anti-
HER2—-Dbased therapy. Highlevels of tissue HER2 expression or HER2
gene amplification should be used to identify patients for whom tras-
tuzumab may be of benefit for treatment of breast cancer in the
adjuvant or metastatic disease settings. There is no change from the
guideline published in 2000.

Literature update and discussion. Trastuzumab is a humanized
monoclonal antibody that binds to the extracellular domain of
HER2. A prospective randomized clinical trial has demonstrated
that trastuzumab improves response rates, time to progression,
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and overall survival when combined with chemotherapy compared
with chemotherapy alone in the metastatic setting.”> Phase Il mono-
therapy studies have demonstrated that trastuzumab induces re-
sponses in approximately 15% to 25% of selected patients.”*®
Eligibility for all of these trials was based on HER2 positivity, either by
IHC or FISH. It has been assumed that patients without HER2-
positive cancers will not benefit from trastuzumab. A single unpub-
lished prospective randomized clinical trial has addressed the value of
trastuzumab added to paclitaxel in patients with HER2 low (or “equiv-
ocal”) metastatic breast cancer, and no statistically significant differ-
ences were reported for any outcome.”

Five prospective randomized clinical trials have now been re-
ported in the adjuvant setting, as well as a single, small, prospective,
randomized neoadjuvant clinical trial. Each has shown a remarkable
beneficial effect of trastuzumab on pathologic complete response,
disease-free survival, and overall survival.!?®1%* As in the meta-
static setting, eligibility for these trials depended on some measure
of HER-2 positivity (either 3+ staining by IHC or FISH amplifica-
tion more than 2.0). Therefore, at present, trastuzumab is indi-
cated only for HER2-positive patients, and patients with HER2-
negative status (IHC 0-2+ and FISH negative) should not receive
trastuzumab. The Update Committee refers the reader to the re-
cently published ASCO-CAP detailed guideline for methodology
and accreditation of assays for HER2.”?

Recently published data from a prospective randomized clin-
ical trial suggest that the addition of the epidermal growth factor
family tyrosine kinase inhibitor, lapatinib, to capecitabine resulted
in better outcomes than capecitabine alone in patients with HER2-
positive metastatic breast cancer. The Update Committee antici-
pates that HER2 status may also be used to guide lapatinib therapy
in the future.'®

Sensitivity to Chemotherapy

2007 recommendation for the utility of HER2 for predicting re-
sponse to specific chemotherapeutic agents. Level IT evidence (prospec-
tive therapeutic trials in which marker utility is a secondary study
objective) suggests that overexpression of HER2 (3+ by protein or
> 2.0 FISH ratio by gene amplification) identifies patients who have
greater benefit from anthracycline-based adjuvant therapy. If a clini-
cian is considering chemotherapy for a patient with HER2-positive
breast cancer, it is recommended that an anthracycline be strongly
considered, assuming there are no contraindications to anthracycline
therapy. In the context of trastuzumab therapy, there is Level I evi-
dence (single, high-powered, prospective, randomized controlled tri-
als specifically designed to test the marker or a meta-analyses of well-
designed studies) that a nonanthracycline regimen may produce
similar outcomes. At present, the Update Committee does not recom-
mend that HER2 be used to guide use of taxane chemotherapy in the
adjuvant setting.

Literature update and discussion. The role of HER2 in both tissue
and serum in predicting response to specific agents has been evalu-
ated. Most trials involving CMF-based regimens suggest that patients
with HER2-positive tumors benefit less with this therapy than do
patients with HER2-negative tumors.'%'% However, results from
randomized phase III trials of CMF versus no chemotherapy and CMF
with or without the addition of anthracycline-containing therapy sug-
gest that patients with HER2-positive breast cancers still derive some
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benefit from CMF, but it appears that the addition of an anthracycline
further improves their prognosis."''!!

It is not clear if HER2 is specific for benefit from anthracyclines,
or whether HER2 is associated with benefit from addition of any
therapy that is more effective overall.''*"''® Indeed, it is not clear
whether HER? itself is the target of anthracyclines or if HER2 status
serves as a surrogate for a different gene product that may be the target
of the anthracycline. In this regard, several groups have evaluated the
abnormalities (amplification and/or deletion) of topoisomerase Il
(Topo II), which is located on the same amplicon on chromosome 17
as HER2. Anthracyclines directly bind Topo II and function, atleast in
part, by inhibiting its activity in DNA replication, therefore making it
an attractive marker for anthracycline activity.''* Topo Il may increase
sensitivity to anthracyclines and also confer relative resistance to alky-
lating agents in preclinical studies.'>*'?! While several clinical cohorts
have been evaluated for Topo Il amplification and the results generally
support this explanation for altered sensitivity to anthracyclines in
HER2-amplified breast tumors, other studies do not confirm these
findings.'**'** Although these studies approach Level of Evidence I
quality as defined earlier (prospective therapeutic trials in which
marker utility is a secondary study objective), the uncertainty regard-
ing the biologic relationship between Topo II protein expression, copy
number, proliferation, and benefit from anthracylines makes assess-
ment of Topo IT unreliable at this time. In fact, recent trials suggest that
the model of a direct relationship between Topo II amplification,
overexpression of Topo II protein, and benefit from anthracyclines is
overly simplistic.'**'*’ The fact that Topo II protein level corresponds
to proliferation rate, but not Topo II copy number, suggests that the
coamplification of Topo Il may not be associated with increased target
for anthracycline-containing therapy as predicted. Furthermore,
both deletion and amplification of the Topo II region are associated
with benefit from anthracycline-containing therapy in HER2-
amplified tumors.'**'**'*” Since topoisomerase Ila protein is essen-
tial for chromosome segregation and proliferation, and is more
abundant in aneuploid tumors, it seems unlikely that Topo II ampli-
fication fully explains benefit from anthracyclines in the setting of
HER?2 amplification.'**'?

The previous discussion notwithstanding, most correlative
studies have suggested that HER2 amplification and/or overex-
pression identifies those patients in randomized trials who benefit
from anthracycline-based chemotherapy compared with CMF,
while in HER2-negative patients there appears to be no difference
between the two regimens.''>'**"*! Thus, given the weight of the
evidence for HER?2, it seems prudent to recommend anthracycline-
based adjuvant chemotherapy for a patient with HER2-positive
breast cancer, assuming adjuvant chemotherapy is indicated, the
patient has no contraindication to an anthracycline, and trastu-
zumab administration is not planned.

The benefit of taxane-based therapy for HER2-positive tumors is
controversial. Some studies suggest improved response to docetaxel or
paclitaxel, while others suggest relative resistance.'**'**'?>1>* This
may relate, in part, to the method for detecting HER2, given that
serum HER2 has been used to determine HER2 positivity in some
studies and is associated with tumor burden (as discussed below),
which confounds the ability to discern the independent predictive
value of HER2 in this setting. In a retrospective analysis of a trial
comparing three different doses of paclitaxel monotherapy in patients
with metastatic breast cancer, tissue HER2 status was not associated
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with response rate, disease-free survival, or overall survival.”** In con-
trast, another retrospective analysis reported that HER2 amplification
was associated with benefit from paclitaxel and doxorubicin com-
pared with cyclophosphamide and doxorubicin, while there was no
difference in outcomes for HER2-negative patients with metastatic
breast cancer.'*

A recent study of HER2 by FISH and IHC in Cancer and
Leukemia Group B 9344/Intergroup 0148 trial suggests that the
benefit from the addition of adjuvant paclitaxel after four cycles of
doxorubicin and cyclophosphamide in node-positive breast cancer
patients is more pronounced in those with HER2-positive breast
cancers.'?? Indeed, there was no detectable benefit from addition of
paclitaxel in HER2-negative, ER-positive patients. This observa-
tion may explain the variability in studies looking at taxane benefit
in HER2-positive tumors because ER status varies by cohort.
Again, this study does not distinguish between a benefit from
taxane-based therapy versus the addition of more effective chem-
otherapy in HER2-positive tumors. Until this study is published
and corroborated, these results must be viewed as preliminary.

In summary, the data regarding the predictive value of HER2 and
response to chemotherapy generally support the concept that the
benefit of adjuvant anthracycline therapy is most marked in the
HER2-positive subgroup of patients. However, the benefit of taxane-
based therapy in HER2-positive patients remains controversial and
definitive conclusions have not been reached.

SENSITIVITIES TO ENDOCRINE THERAPY IN
GENERAL OR TO SPECIFIC ENDOCRINE THERAPIES

2007 recommendation for use of HER2 to determine sensitivity to
endocrine therapy. HER2 should not be used to withhold endocrine
therapy for a patient with hormone-receptor positive breast cancer,
nor should it be used to select one specific type of endocrine therapy
over another. There is no change from the guideline published in 2000.

Literature update and discussion. Complex interactions exist
between the HER2 and ER pathways. HER2 expression in human
breast cancer cells is downregulated by estrogens.'*® Conversely, over-
expression of HER2 promotes estrogen-independent growth and is
associated with resistance to tamoxifen in vitro and in animal models,
possibly by promoting ligand-independent growth. These observa-
tions are consistent with the inverse association of estrogen and pro-
gesterone receptors with HER2 overexpression and also provide a
rationale for the lower response of HER2-overexpressing tumors
to endocrine therapy shown in several clinical studies.'®”'?”"'*!
However, most of these studies were retrospective and nonrandom-
ized. To date, randomized trials have not led to consensus on this
association.'*?'*> The interaction of HER2 with endocrine therapy
may vary depending on the type of hormonal agent in question. Ellis et
al'*® have shown that HER2- and/or EGFR-positive tumors were
more likely to respond to neoadjuvant letrozole than tamoxifen in a
randomized trial of 324 primary breast cancer patients. In contrast, an
analysis (presented in abstract form only) of the Anastrozole versus
Tamoxifen versus a Combination of the two (ATAC) trial, failed to
show that HER2-overexpressing tumors benefit more from the aro-
matase inhibitor.'*”'*®

In summary, there are insufficient data to support the use of
HER? in tissue (or serum, as discussed below) as a predictor of re-
sponse to endocrine therapy, although the evidence does suggest that
in patients with ER-positive tumors, the relative benefit from anties-

trogens for those with HER2-positive cancers is likely to be lower than
for those with HER2-negative cancers. It is not at all clear that the
benefit of aromatase inhibitors in this group is any greater than in the
HER2-negative, ER-positive group.

Utility of Measures of Circulating ECD of HER2

2007 recommendation for the utility of circulating extracellular
domain of HER2. Measuring circulating extracellular domain of
HER2 is not currently recommended for any clinical setting. There is
no change from the original guideline.

Literature update and discussion. 'The HER2 extracellular do-
main was initially isolated in culture media from an HER2-amplified
cell line,'* and in the serum of nude mice bearing xenografts from
HER2-amplified cells.'* It was subsequently isolated from pleural
effusions and serum of advanced breast cancer patients.”® Several
studies have shown it to be present in roughly 25% of unselected
patients. On comparison with tissue expression, it appears that the
majority of patients who shed ECD are positive for HER2 at the level of
the primary tumor.''? The functional significance of ECD shedding
has not been determined, but in vitro data suggest that deletion of the
extracellular carboxy terminus of the molecule enhances the signaling
activity and transforming ability of the NH-2 terminally truncated
receptor, p95 HER2.">"1>2

Therefore, the ECD of HER2 might serve as a surrogate marker
for tissue HER2 status for any or all of the utilities discussed above,
especially prediction of benefit from trastuzumab or anthracyclines.
Furthermore, serial HER2 ECD levels might be useful for monitoring,
either to detect recurrence in asymptomatic patients who are believed
to be free of detectable disease, or to determine disease status in
patients with metastatic breast cancer.

As with tissue HER2 status, serum HER2 might be useful to
determine prognosis. Studies of serum HER2 more uniformly suggest
worse outcome. However, in early-stage disease, as with circulating
MUC-1 or CEA, levels of circulating HER2 ECD are directly related to
tumor burden in patients with HER2-positive breast cancer, and there
are no studies that suggest knowledge of HER2 ECD is of value in this
setting.153 Likewise, in patients with metastases, elevated levels of
circulating HER2 are associated with worse outcomes, but not to
the extent that a patient might be treated differently based simply
on “prognosis.”'>*!>

Pretreatment circulating HER2 might be used as a predictive
factor for selection of specific therapy, especially in the metastatic
setting. Many patients with new or serially progressive metastatic
disease may not have had HER2 measured in their primary cancers
(although the Update Committee anticipates that this situation will
become increasingly less common). Furthermore, several studies have
suggested that a small fraction of metastatic HER2 evaluations are
discordant from the primary measurements.'>® If HER?2 status is im-
portant to direct therapy, measurement of the HER2 status may be
worthwhile in patients with metastases. A circulating tumor marker
that accurately reflects tissue HER?2 status has certain advantages over
rebiopsy of a metastatic lesion, with less morbidity and ability to
monitor changes serially in disease biology. Several publications have
attempted to address this utility in the context of both endocrine and
trastuzumab-based therapy.®"'>7-1>°

As noted, one possible indication for HER2 would be to direct
endocrine therapy. Several studies have suggested that pretreatment
circulating HER2 ECD levels in metastatic patients are associated with
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lower response, shorter time to progression, and worse survival in
ER-positive patients about to begin a new endocrine treatment. How-
ever, most (if not all) of these studies were confounded by the known
association of serum HER2 with greater disease burden.””** In a study
of patients with advanced breast cancer randomly assigned to receive
tamoxifen or letrozole, the presence of elevated ECD correlated with a
lower response to both regimens, with no advantage of letrozole over
tamoxifen.®' However, there was a statistically significant improve-
ment in time to progression in patients with shed ECD treated with
letrozole versus tamoxifen, suggesting that the aromatase inhibitors
may exhibit some advantage in the HER2-positive population.®' Pa-
tients in this trial were randomly assigned to either therapy, but the
correlative analysis of ECD and response to therapy was conducted
retrospectively. Perhaps the most promising of use of HER2 ECD
would be to predict response to trastuzumab (or other HER2-directed
therapies, such as lapatinib) and to monitor disease response and
progression once treatment has begun.

Given the association of HER2/ECD with HER2 overexpression,
it seems likely that this marker could also predict response to trastu-
zumab. On the other hand, HER2/ECD is associated with a higher
tumor burden, which may lower response rates and decrease the
half-life of the antibody, due to the abundance of binding sites. An-
other concern resides in the formation of immune complexes between
HER2/ECD and trastuzumab, with the potential for accelerated clear-
ance and reduction in the efficacy of this therapy. Of note, concerns
that circulating trastuzumab might interfere with the measurement of
HER2/ECD levels have been refuted by results of in vitro experi-
ments."'> While high levels of HER2/ECD (500 ng/mL) were shown to
decrease the half-life of trastuzumab, high levels of serum HER2/ECD
do not preclude response in trastuzumab-treated patients and may, in
fact, predict a more favorable response.'>>'>”'* Most studies show a
more precipitous decline in serum HER2 to be associated with favor-
able response, suggesting that this marker may be useful for monitor-
ing disease course during trastuzumab-containing therapy.'®
However, the definition of a favorable response by HER2/ECD has not
been uniformly defined in published studies.

Serum HER2 has been studied to monitor disease for recurrence
response and progression in several trials.'>® Although rising ECD has
been associated with recurrence in early-stage disease, serum HER2
tracks with response and progression in some patients being treated
for metastatic disease, it is frequently discordant with disease course
during either chemotherapy or hormonal therapy.'>*'*

In summary, although appealing, use of circulating HER2/ECD
is hampered by a lack of high-quality studies and a lack of consistent
findings. These are required to understand fully the precise utility of
this marker in evaluation or monitoring of patients with breast cancer.

p53 AS A MARKER FOR BREAST CANCER

2007 recommendation for p53. Present data are insufficient to
recommend use of p53 measurements for management of patients
with breast cancer. There is no change from the original guideline.

Literature update and discussion. The results from recently re-
ported studies are insufficient to change the recommendation from
the 1999 version of the guideline. A number of studies suggest that
high tissue p53 protein levels measured by IHC or mutations or
deletions in the p53 gene measured by single-strand conformational
gel electrophoresis, manual sequencing, or allele-specific polymerase
chain reaction (PCR) appear to be a univariate predictor of poor
outcome (Table 3). A meta-analysis performed in 1999'* suggests
that p53 mutations confer an independent relative risk of 1.7 (95% CI,
1.2 to 2.4) for both disease-free survival and overall survival. However,
it seems unlikely that THC for p53 will provide sufficiently accurate
results to be clinically useful, given that it detects both mutated p53
and stabilized wild-type p53, and conversely will miss p53 deletions.
Methods to define more precisely and conveniently genetic abnormal-
ities in p53 might permit a more accurate analysis of association of
p53 and clinical outcomes, either as a pure prognostic factor or as a
predictor of benefit from systemic therapies. However, at present,
methodologies to do so are cumbersome, expensive, and not
widely available as routine clinical assays, limiting the utility of this
marker in clinical practice. Furthermore, there are no prospective

Table 3. Recent Studies of p53 in Node-Negative Patients With Early Breast Cancer (1999-2007)
No. of F/U

Reference Patients (months) Method Tx Cut Point 0Ss* DFS* oSt DFST
Joensuu et al'®? 852 ~100 IHC DO7 5% 20% — Y (2) N N
Reed et al'®3 613 307 IHC CM1 Some — N N N N
Gion et al'®* 599 60 IHC No — — — — N
Liu et al'®® 331 190 IHC >10% — N Y N N
Ferrero et al'®® 297 132 IHC Some — Y Y N N
Mandard et al®’ 280 82 IHC 50%* — No N N N
Rudolph et al'®” 261 96 IHC DO1 None — Y Y N N
Kato et al'®® 260 240 IHC CM1 — 3.9 3.7 N Y (3.7)
Bull et al'®® 543 85 SSCP ~50% — Y (1.97) Y (1.69) N N
Goffin et al'”® 141 96 IHC DO7 >50% 10% Y (3.0 — N N
Linderholm et al'”" 485 56 Cytosol 5% — Y (2.1) N Y (2.5) N
Overgaard et al'’? 160 <60 Mutations Some — Y Y Y (4.5) Y
Cuny et al'”® 363 66 Mutations Some — Y Y Y (2.7) Y (5.3)
Olivier et al'®! 1,794 120 Mutations Some — Y NR Y (2.5) NR
Abbreviations: F/U, follow-up; Tx, treatment; OS, overall survival; DFS, disease-free survival; IHC, immunohistochemistry; Y, significant improvement in end point;
N, no significant improvement in end point; NR, not reached.
*Univariate; numeric values represent relative risk.
TMultivariate; numeric values represent relative risk.
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or retrospective studies to confirm the clinical utility of these
methods, even if they were logistically feasible.

Of note, a recently reported study from Norway of nearly 2,000
women with newly diagnosed breast cancer again suggests that p53
gene abnormalities, as defined by sequencing, are associated with
worse prognosis.'®' Importantly, subset analysis suggested that p53
mutations/deletions were particularly prognostic in node-negative,
ER-positive patients, although treatment was not described. If con-
firmed, p53 status might be used to determine which patients benefit
from the addition of chemotherapy to endocrine therapy.

The Update Committee again had difficulty discerning the po-
tential bias introduced into most studies of p53 by the confounding
effects of therapy. As with many of the other markers addressed in this
guideline update, it is likely p53 abnormalities are associated with
either resistance or sensitivity to different therapeutic agents. Most
studies analyzing p53 have not taken therapy into consideration, and
the results may be strongly biased in one direction or the other,
depending on the agents in question.

UROKINASE PLASMINOGEN ACTIVATOR AND
PLASMINOGEN ACTIVATOR INHIBITOR 1 AS
MARKERS FOR BREAST CANCER (Note. This topic
is new to the guideline)

2007 recommendation for urokinase plasminogen activator and
plasminogen activator inhibitor 1. Urokinase plasminogen activator
(uPA)/plasminogen activator inhibitor (PAI-1) measured by ELISAs
on a minimum of 300 mg of fresh or frozen breast cancer tissue may be
used for the determination of prognosis in patients with newly diag-
nosed, node-negative breast cancer. IHC for these markers is not
accurate, and the prognostic value of ELISA using smaller tissue spec-
imens has not been validated. Low levels of both markers are associ-
ated with a sufficiently low risk of recurrence (especially in hormone
receptor—positive women who will receive adjuvant endocrine ther-
apy) that chemotherapy will only contribute minimal additional ben-
efit. Furthermore, CMF-based adjuvant chemotherapy provides
substantial benefit, compared with observation alone, in patients with
high risk of recurrence as determined by high levels of uPA and PAI-1.

uPA and PAI-1: Marker definition. uPAand PAI-1 are part of the
plasminogen activating system, which includes the receptor for
uPA and other inhibitors (PAI-2 and PAI-3). This system has been
shown experimentally to be associated with invasion, angiogenesis,
and metastasis.'”

uPA and PAI-1: Methodology. Several assay formats for these
two markers have been evaluated, including IHC, quantitative
real-time reverse transcriptase (RT) -PCR, and enzyme-linked
immunosorbent assays (ELISA).'”*'7® ELISA, performed on fresh
or frozen tissue or cytosolic fractions remaining after biochemical
hormone-receptor measurement, is the only method that has been
determined to be prognostic.'”® Importantly, all the data from a
pooled analysis study'”® and from a prospective randomized clin-
ical trial'® in which uPA and PAI-1 were used to stratify patients
were obtained based on analysis of large tissue sections from tu-
mors that had not been previously biopsied. Although ELISA using
tissue from core needle biopsies would be clinically useful, the
prognostic value of such a strategy remains to be confirmed.'®' The
effects of a prior core biopsy on uPA and PAI-1 levels, which could
conceivably alter expression of these tissue-remodeling enzymes,
are unknown.

10

uPA and PAI-1: Literature Review and Analysis

Risk, screening, and monitoring. Currently available data address
the impact of uPA and PAI-1 on prognosis for patients with early-
stage breast cancer. A retrospective study suggests that ductal fluid
uPA/PAI-1 levels might be of use for screening or risk recategori-
zation of high-risk women, but these data require verification.'®*
There are few if any data regarding monitoring patients with serial
uPA/PAI-1 levels.'®* 1%

Prognosis in Early-Stage Breast Cancer

Several studies have suggested that overexpression of uPA
and/or PAI-1 have been consistently related to poor prognosis in
early-stage breast cancer. These studies suggest that these two
factors, combined, are associated with 2- to 8-fold higher risk of
recurrence and death.'”®!77!851%0 Importantly, studies of node-
negative patients who did not receive adjuvant systemic therapy
suggest that these two markers are very strong prognostic factors,
independent of size, grade, and hormone receptor status. 72190191

A pooled analysis of uPA/PAI-1 data collected from 8,377
breast cancer patients was performed by members of the Receptor
and Biomarker Group of the European Organisation for Research
and Treatment of Cancer.'”” These results demonstrate the repro-
ducibility of the assay among several sites, and they confirm the
strong association of overexpression of uPA and PAI-1 with recur-
rence and survival during a median follow-up of 79 months. A
subset analysis of node-negative, untreated patients also confirmed
the potential utility of these markers for identifying a low-risk
cohort in this group.

The first interim report of a prospective trial using uPA and
PAI-1 levels to stratify node-negative patients has been pub-
lished."®® Five hundred fifty-six node-negative patients were ac-
crued. Those patients whose tumors expressed low levels of both
markers were followed in a prospective registry and were not
treated with adjuvant chemotherapy. Patients whose tumors
showed elevated uPA and/or PAI-1 levels were randomly assigned
to adjuvant chemotherapy (CMF) or no adjuvant chemotherapy.
In this report the estimated 3-year recurrence rate for 241 patients
with low levels of both uPA/PAI-1 was 6.7%, with a median
follow-up of 32 months. The recurrence rate for patients with
elevated uPA and/or PAI-1 levels who did not receive chemother-
apy was roughly double that, and the hazard rate for recurrence in
the group for patients treated with adjuvant chemotherapy was
0.56 of that for patients who were not treated.

Other reports suggest uPA and/or PAI-1 may serve as predic-
tive factors for hormone therapy and/or specific types of chemo-
therapy, but these are uncontrolled studies.'*>'"*

The data support the requirement for both uPA and PAI-1
levels to be performed using ELISAs on whole sections (minimum
300 mg) of fresh or frozen cancer tissue. IHC results do not reliably
predict outcomes, and the prognostic value of ELISA using smaller
tissue specimens, such as tissue collected by core biopsy, has not
been validated.'®' Furthermore, in the modern era of frequent
pre-excision, diagnostic core needle biopsies, one must interpret
uPA and PAI-1 ELISA results with caution.

Future Studies
Studies are underway in Europe to address further the
utility of uPA/PAI-1 measurements. In an ongoing prospective
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