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Prognostic Factors in Breast Cancer: Current and New
Predictors of Metastasis
Daniel F. Hayes,1,3 Claudine Isaacs,2 and Vered Stearns1

Decisions regarding the use of adjuvant therapy for breast cancer are strongly influenced
by the risk of disease recurrence and death. These risks are now determined by examining
the currently recognized breast cancer prognostic factors, including clinical stage, axillary
nodal status, tumor size and grade, hormone receptor status, and presence of lymphovascular
involvement. Newer factors are being evaluated in an attempt to more precisely define diseaserelated prognosis. This paper provides an overview of issues that need to be considered when
analyzing studies of prognostic factors as well as a review of the currently recognized and the
newer candidate prognostic factors.
KEY WORDS: breast cancer; prognostic factors; adjuvant systemic therapy; tumor marker utility
grading system.

INTRODUCTION

both identify breast cancers early and to distinguish
those breast cancers that are likely to cause morbidity and mortality from those that will not. Accurate
performance of the latter task will permit selection of
those therapies most likely to be effective for a given
patient.

Approximately 180,000 American women will
be told they have breast cancer this year and nearly
40,000 will die from it. Almost all of them will receive
some sort of treatment, including surgery, radiation,
chemotherapy, endocrine therapy, or even one of the
more recently introduced biological therapies. Early
application of these therapies has now been shown,
in well-designed, prospective randomized clinical trials, to reduce the odds of recurrence and death from
breast cancer. Overall the risk of mortality due to
breast cancer has been declining in the Western world
over the last decade (1–6). However, these therapies
are frequently, if not always, associated with substantial short- and long-term morbidity and, occasionally, mortality. Therefore, the challenging tasks are to

Abbreviations used: ASCO, American Society of Clinical Oncology; TMUGS, Tumor Marker Utility Grading System; LOE,
levels of evidence; CALGB, Cancer and Leukemia Group B;
AC, adriamycin (doxorubicin)/cyclophosphamide; RR, relative risk; TNM, tumor/nodes/metastases; SEER, Surveilance,
Epidemiology, and End Results; OS, overall survival; SBR,
Scharff–Bloom–Richardson; LVI, lymphatic vessel invasion;
BVI, blood vessel invasion; NSABP, National Surgical Adjuvant Bowel and Breast Project; ER, estrogen receptor; PgR,
progesterone receptor; DFS, disease free survival; SPF, S-phase
fraction; TLI, thymidine labeling index; BrDu, bromodeoxyuridine; IHC, immunohistochemistry; FISH, fluorescent in situ
hybridization; PCR, polymerase chain reaction; H&E, hematoxylin and eosin; BMM, bone marrow micrometastases; ELISA,
enzyme-linked immunosorbent assay; MVD, microvessel density; bFGF, basic fibroblast growth factor; VEGF, vascular endothelial growth factor; UPA(R), urinary plasminogen activator (receptor); PAI, plasminogen activator inhibitor; CMF,
cyclophosphamide/methotrexate/5-fluorouracil); TIMP, tissue
inhibitors of metalloproteinases; TF, tissue factor.
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EVALUATION OF PROGNOSTIC FACTORS:
GENERAL CONSIDERATIONS
Substantial efforts have been made to subdivide
patient populations into groups that behave differently, so that therapy can be applied more efficiently.
Indeed, the diagnosis of breast cancer itself divides the
general population into those with it and those without it. Separation of these two groups is crude, and estimation of prediction of outcomes based solely on the
diagnosis of “breast cancer” is very poor. Therefore, as
early as the end of the nineteenth century, doctors began to observe that outcomes were related to clinical
cancer size and the presence or absence of pathologically involved lymph nodes (7). These early efforts
led to what is now commonly designated as “staging,”
which has now become highly codified within an internationally coordinated effort (8).
These efforts only partially separate patients into
subgroups with different biological behaviors. In the
context of the explosion of molecular biology over
the last four decades laboratory and clinical scientists have studied a series of “molecular prognostic
factors.” Hundreds of these putative markers have
been reported, yet very few have actually gained
widespread clinical use. In part, this frustrating lack
of progress is a function of the incredible biological
diversity of the disease. However, much of the confusion and controversy in the field stems from poorly
designed and analyzed clinical studies. Although observations from these studies may generate important
hypotheses, they are much less likely to provide reliable estimates of the true clinical utility of a marker
than prospective studies that specifically address predefined hypotheses (9–11).

Prognosis Versus Prediction
The distinction between prognostic and predictive factors can critically affect the results of a clinical/
laboratory investigation (12–14). Markers of prognosis are associated with patient outcome independent
of the treatment they receive (14–16). In this regard,
prognostic factors reflect the ability of the tumor to
metastasize, invade, and proliferate. It is critical to
distinguish prognostic factors from those that are predictive of response to therapy. These may do so either
because they are a direct target of the agent or because their expression is an epiphenomenon of the
mechanisms of action (or resistance) of the therapy.
Many markers may be both prognostic and predic-
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tive, further confusing interpretation of tumor marker
results.
The distinction between prognostic and predictive factors is illustrated by the schematic diagrams
presented in Fig. 1(A)–(C). Figure 1(A) represents
two hypothetical pure prognostic factors. Factor 1 is
a strong prognostic factor, while Factor 2 is a weak
one (see below). For each factor, patients who are
“positive” have a worse prognosis than patients who
are “negative.” Since these markers do not predict
benefit from therapy, the benefits of therapy are the
same for both factor negative and factor positive patients. Figure 1(B) illustrates two pure predictive factors. In this case, these are predictors for response to
therapy. In the absence of therapy, patients who are
“positive” and “negative” have the same outcomes.
However, patients who are “positive” for each of the
markers have better outcomes than those who are
“negative” for the respective marker when the specific
therapy is applied. In Fig. 1(C), the factors have mixed
prognostic and predictive utilities. In this case, the
factors are favorable prognostic factors (“positive”
patients do better than “negative” patients in the absence of therapy), and they are also favorable predictive factors (“positive” patients are more likely to
benefit than “negative” patients). A thorough understanding of these critical distinctions is essential in
the evaluation of clinical utility of a tumor marker,
and yet, very often, they are lost in study design.

Technical and Methodologic Problems With
Evaluation of Prognostic Factors
In addition to the often unappreciated issue of
prognosis and prediction, many other issues further
complicate the interpretation of prognostic factor
studies. Most studies are usually retrospective, include
only small numbers of patients, and do not control for
other confounding prognostic variables. Other problems that contribute to study differences include differing lengths of follow-up and different endpoints
(response, disease-free survival, overall survival, and
relative risk of relapse or death). In addition, studies examining the same prognostic factor may use
different methods of analysis and different cutoff
points. The ideal study should be prospectively designed for a defined population of patients to address the clinical utility of the prognostic factor, using predetermined methods and cutoffs. In an effort
to avoid the confounding effect of treatment, only
patients who do not receive systemic therapy should
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(a)

(b)

(c)
Fig. 1. Schematic examples of prognostic (A), predictive (B), and
mixed prognostic/predictive (C) factors. In each schema, Factor 1
(dashed line) is a strong factor, and Factor 2 (solid line) is a weak factor. The length of the vertical arrows illustrate the relative strengths
of the factors. The p-values represent the likelihood that the separation of the two groups (positive vs. negative) is not due to chance
alone. From Ref. 14 with permission.
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be studied. In addition, studies should report the relative risk of recurrence and/or mortality associated
with a specific factor. This approach would allow the
reader to compare the strength of different prognostic
factors.
In 1995, the American Society of Clinical Oncology (ASCO) convened an Expert Panel to assess the
clinical utility of tumor markers in breast and colorectal cancers (17). A summary of these evidencebased guidelines, which have been updated on two
occasions, is provided in Table I (18,19). A feature of
the Expert Panel deliberations was the recognition of
a lack of organized policies and “rules” for investigating and evaluating tumor markers. This recognition
led to a second publication in which a proposal, designated the Tumor Marker Utility Grading System
(TMUGS), was offered (9,14). TMUGS was developed as a means to objectively evaluate the clinical
utility of individual prognostic factors. In this system,
specific tumor markers or factors are evaluated and
assigned a semiquantitative score ranging from 0 to
3+ (Table II). A TMUGS score of 2+ or 3+ implies
that there are sufficient data to support the use of the
specific marker to make decisions regarding a particular outcome. TMUGS scores are assigned based
on whether the marker truly distinguishes one group
from another with regard to specific outcomes and
whether knowledge of that distinction is important
in making clinical decisions. For example, preclinical
studies might suggest that a marker is appealing for
use as a prognostic factor, but clinical studies fail to
validate the hypothesis. In this case, the marker would
be assigned a score of “0.” For a second marker, clinical studies may show that it clearly distinguishes patients who have a favorable outcome from those who
are expected to do poorly. However, if effective therapy does not exist for these patients, the clinical utility
of this information, although reliable, is of uncertain
value. This marker would be assigned a “1+” for this
use. More details are provided in Table II and in other
publications (9).
A critical part of this assessment is the evaluation of “levels of evidence” (LOE) from which the
data have been extracted for evaluation (9). This
classification system includes five levels, for which
the first three are most relevant (Table III). LOE I
provides the strongest support, whereas LOE V is
the weakest. LOE I data are derived either from a
single high-powered prospective study designed to
test a particular marker or from a meta-analysis or
overview of lower level LOE studies. LOE II data
come from companion studies to large clinical trials
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Table I. American Society of Clinical Oncology Clinical Practice Guidelines for Use of Tumor Markers in Breast Cancer (Tissue
Factors Only)a
Factor

Use

Estrogen and progesterone
receptors
DNA flow cytometrically
derived parameters
c-erbB-2 (HER-2/neu)

P53
Cathepsin-D
a Modified

Predictive factors for
endocrine therapy
Prognosis or prediction

Guideline
Measure on every primary breast cancer and on metastatic lesions if
results influence treatment planning
Data are insufficient to recommend obtaining results

Prognosis
Data are insufficient to recommend obtaining results for this use
Prediction for trastuzumab, c-erbB-2 should be evaluated on every primary breast cancer at time of
CMF-like regimens,
diagnosis or at time of recurrence for use as predictive factor for
doxorubicin, taxanes, and
trastuzumab; committee could not make definitive recommendations
endocrine Rx
regarding CMF-like regimens. c-erbB-2 may identify patients who
particularly benefit from anthracyline-based therapy but should not
be used to exclude anthracycline treatment. c-erbB-2 should not be
used to prescribe taxane-based therapy or endocrine therapy
Prognosis or prediction
Data are insufficient to recommend use of p53
Prognosis
Data are insufficient to recommend use of cathepsin-D

from Ref. 19.

in which tumor or blood specimens are collected
prospectively. These studies have preestablished endpoints not only for the therapeutic intervention but
also for the marker in question. For LOE III data,
specimens are usually analyzed retrospectively. The
data obtained from LOE III studies are most useful
for generating hypotheses, but these require confirmation in either LOE I or II studies. Unfortunately

most of the available evidence regarding prognostic
markers is based on LOE III or lower studies.
Clinical Utility of Prognostic Factors: Classification
by Relative Strengths
Another consideration in evaluating the clinical
utility of a marker is its relative strength in separating

Table II. Tumor Marker Utility Grading Systema
Utility grade
0
NA
±

+

++
+++
a Modified

Explanation of scale
Marker has been adequately evaluated for a specific use and the data definitively demonstrate it has no utility.
The marker should not be ordered for that clinical use.
Data are not available for the marker for that use because marker has not been studied for that clinical use.
Data are suggestive that the marker may correlate with biological process and/or endpoint, and preliminary data
suggest that use of the marker may contribute to favorable clinical outcome, but more definitive studies are
required. Thus, the marker is still considered highly investigational and should not be used for standard clinical
practice.
Sufficient data are available to demonstrate that the marker correlates with the biological process and/or endpoint
related to the use, and that the marker results might affect favorable clinical outcome for that use. However, the
marker is still considered investigational and should not be used for standard clinical practice, for one of three
reasons:
1) The marker correlates with another marker or test that has been established to have clinical utility, but the
new marker has not been shown to clearly provide any advantage.
2) The marker may contribute independent information, but it is unclear whether that information provides
clinical utility because treatment options have not been shown to change outcome.
3) Preliminary data for the marker are quite encouraging, but the level of evidence (see below) is lacking to
document clinical utility.
Marker supplies information not otherwise available from other measures that is helpful to the clinician in decision
making for that use, but the marker cannot be used as sole criterion for decision-making. Thus, marker has
clinical utility for that use, and it should be considered standard practice in selected situations.
Marker can be used as an independent criterion for clinical decision making in that use. Thus, marker has clinical
utility for that use, and it should be considered standard practice.

from Ref. 9 with permission.
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Table III. Classification of Level of Evidence (LOE) for Tumor Marker Studiesa
LOE
I
II
III
IV
V
a Modified

Type of evidence
Evidence derived from prospective high-powered trial specifically addressing tumor marker utility OR overview or
meta-analysis of lower LOE studies
Evidence from companion study to large clinical trial. Specimens collected prospectively and tumor marker utility
determined as secondary aim of study
Evidence from retrospective trials, where data about patient characteristics and treatment often incomplete
Evidence from small retrospective studies which do not have prospectively dictated therapy
Evidence from small pilot studies designed to determine or estimate distribution of marker levels in sample population
from Ref. 9 with permission.

two populations (“positive” from “negative”) and
whether that separation is sufficient to treat these populations differently. Such a consideration requires an
understanding of the perspectives in decision-making
held by the caregiver and the patient. In this review,
we will focus on prognostic factors for early breast
cancer; that is, factors that might be used to assign
patients with newly diagnosed breast cancer to one
of several different outcome categories that might
be treated differently, based on their prognosis, as illustrated in Fig. 2 (14). For example, most clinicians
and patients feel that women with a less than a 10%
chance of recurrence during the 10 years after diagnosis (in the absence of adjuvant systemic therapy)
have a very “good” prognosis. The definition of a
“moderate” prognosis includes patients with a chance
of recurrence of approximately 10–50%, and “poor”
prognosis is considered to encompass greater than a
50% chance of recurrence (again, when considered
in the absence of adjuvant systemic therapy). Most
women in the latter two categories will probably re-

Fig. 2. Schematic illustration of prognostic factor categories. See
text for description. From Ref. 20 with permission.

ceive adjuvant systemic therapy, while those in the
first group might not, since so many patients (90%)
will do well without it. This decision depends on the
relative value systems of the patient, her caregiver,
and her society. Some patients might be willing to accept enormous toxicities for very small benefits, while
others would not. Furthermore, limited resources in
some societies might prevent application of expensive therapies for patients who have a very small
chance of benefiting, either because they have an
excellent prognosis or because the therapy is only
minimally effective. Limited studies have been performed in which patients (who had previously undergone chemotherapy) have been queried regarding
what absolute benefit they would require to accept
chemotherapy (21–23). Remarkably, nearly 40% of
patients responded that they would be treated if their
chances of mortality were decreased by as little as 1%.
Of course, these results also mean that 60% would require higher chances of benefit to accept treatment,
highlighting the heterogeneity of patient decisionmaking. Although hard data are lacking, it appears
that many oncologists in the United States generally
feel that the benefit/risk ratio is sufficiently high to
recommend chemotherapy if the absolute percent of
patients who are likely to benefit surpasses 3–5% (24).
For example, if a given therapy results in a proportional reduction of 30% of whatever the original recurrence or death rate was, then patients in the “very
good” prognosis category would not be treated, since
a 30% reduction of a 10% or less chance of recurrence is less than the arbitrary threshold of 3% absolute benefit. In contrast, the same therapy would
be acceptable to those in the moderate or poor risk
categories, assuming that the therapy is equally effective (in other words, that the predictive factor profile is
the same in all three groups), since a 30% reduction of
the higher mortality risks results in at least 3% or more
patients who would be expected to benefit. Recently,
computerized programs have been developed to help
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women make these decisions, supplying estimates of
outcomes specific to their situation (25). Prospective
validation of these programs is underway.
In addition to distinguishing groups of women for
whom adjuvant chemotherapy is or is not absolutely
indicated, the intensity or amount of the therapy may
differ based on these arbritrary prognostic groupings. For example, results from a recent Cancer and
Leukemia Group B (CALGB) study indicate that after four cycles of conventional adjuvant chemotherapy (doxorubicin and cyclophosphamide, “AC”), an
additional four cycles of paclitaxel provides a further
reduction in annual odds of recurrence of approximately 20% (above the 20–30% already expected
from AC versus no therapy) (26). For patients who
originally fell in the “moderate” risk category illustrated in Fig. 2, the initial reduction in odds of recurrence from the AC alone may be sufficient to place
them into the “good” category, and therefore an additional proportional reduction of 20% is not sufficient to justify more chemotherapy. In contrast, for
those who initially fell into the poor prognosis category (for example, node positive patients), the benefit
from the initial AC will reduce their odds only to the
point where they continue to have a “residual” moderate prognosis (Fig. 2). For these patients, a further
20% reduction in annual odds of recurrence is likely to
benefit 3% or more of the population, and they might
accept the toxicities and risks of the added 3 months
of paclitaxel.
The preceding discussion highlights the importance of using prognostic factors to separate groups
of patients into these prognostic categories. Doing so
requires an estimate of the relative strength of the
factor and an evaluation of the statistical reliability
of that estimate (14). Too often, investigators assume
that “statistically significant” ( p ≤ 0.05) means “clinically useful.” Rather, clinical utility is based on the
strength of the factor in separating two populations,
while the statistical analysis simply provides the likelihood that the two populations are separate, regardless
of how far apart they may be. In addition to illustrating the differences between prognostic and predictive
factors, Fig. 1 also illustrates the difference between
strong and weak factors. One factor may reliably separate two groups, but only by a small amount, as
illustrated in Fig. 1. For example, for hypothetical
Factor 2, the risk of relapse at 10 years may be 45% for
positive patients and 40% for negative patients (see
Fig. 1(A)). Assuming the study is sufficiently powered,
one would be able to distinguish these two groups
reliably with a p-value <0.05. However, both have
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Table IV. Proposed Utility of Prognostic Factors Based on
Relative Strength

Category

Relative risk for event (relapse, death) for
marker positive vs. marker negative

Strong
Moderate
Weak

>2.0
1.5–2.0
<1.5

modestly poor prognoses, and one would probably
treat them in the same fashion. In contrast, hypothetical Factor 1 might separate positive and negative patients into those with a 90% and those with a 10%
risk of relapse. In this case, one would treat these patients substantially differently. The statistical analysis
provides assurance that this observation is likely to
be real.
In a prior publication, we have proposed that
one might arbitrarily assign prognostic factors to one
of three different categories based on the strength
of the factor; that is, the magnitude inherent in that
factor’s ability to separate groups of patients (Fig. 2
and Table IV) (20). A strong prognostic factor might
be defined as one that has at least a twofold increased
relative risk (RR) of relapse. Such a factor is likely
to move a patient’s prognosis across two of the arbitrary prognostic categories illustrated in Fig. 2. A
good example of such a factor is lymph node status. A
moderate prognostic factor would be associated with
a RR of relapse of 1.5–2.0 and could move patients
across one category. A weak prognostic factor, RR
of <1.5, could move a patient within a category, but
probably not across categories (Fig. 1 and 2).

EVALUATION OF SPECIFIC
PROGNOSTIC FACTORS
Accepted Prognostic Factors
Clinical and pathological tumor/nodes/metastases (TNM) stage, including axillary node status and
tumor size, have long been recognized as the most
powerful predictors of breast cancer recurrence (8).
In addition, tumor type, grade, presence or absence
of lymphatic or vascular invasion, and hormone receptor status, though not included in the American
Joint Commission on Cancer staging system, also appear to provide helpful information, although with
less strength (Table V).
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Table V. Breast Cancer Prognostic Factors

Factor
TNM stage
Pathologic axillary nodal status
Pathologic tumor size
Tumor grade
Lymphatic/vascular invasion
Estrogen receptor
Progesterone receptor
Markers of proliferation
SPF
TLI
Ki67 IHC
Markers of cell death/turnover
p53
bcl2, bcl-x, bax
Cyclin D, E, cdk’s, cdk inhibitors
Detection of micrometastases
Axillary lymph nodes
Sentinel lymph node
Bone marrow
HER-2
Markers of neovascularization,
invasion, and metastases
Neovascularization
(IHC fVIII, CD31)
Angiogenic factors
(bFGF, VEGF, etc)
Cathepsin D
UPA/PAI-1
a Very

Strength
category

TMUGS
score

Strong
Strong
Strong
Moderate
Moderate
Weak
Weak–moderate
Moderate–strong

3+
2 to 3+
2 to 3+
1 to 2+
1 to 2+
1+a
1+a
1–2+

?

+/−

?

+/−

?
Moderate–Strong
Weak–Moderate

1+
+/−
1+
1+a

?

+/− to 1+

?

+/−

Weak

Weak–moderate +/− to 1+
Moderate–strong 1 to 2+

strong predictive factor.

TNM Stage
The 5-year survival rate of newly diagnosed
breast cancer patients is highly influenced by the stage
of their disease. Results from the National Cancer
Database for the year 1989 demonstrated a 5-year survival rate of 87% for Stage I patients, 78% for Stage
IIA, 68% for Stage IIB, 51% for Stage IIIA, and 42%
for Stage IIIB (8). In this regard, TNM staging is a
very strong prognostic factor (Fig. 3).
Axillary Nodal Status
The status of the axillary lymph nodes is also
a strong predictor of breast cancer recurrence. Although most older studies have not specified whether
patients received adjuvant systemic therapy, the presence or absence of lymph node metastases, as determined by routine histopathology, is strongly prognostic in nearly every study ever performed. In the U.S.

Surveilance, Epidemiology, and End Results (SEER)
database, the 5-year overall survival (OS) was 92%
for node-negative patients, 81% for those with one
to three positive axillary lymph nodes, and 57% for
those with more than four involved nodes (27). As
proof of principle for our proposal of different prognostic categories, an analysis of results from the San
Antonio Database of patients who received no adjuvant systemic treatment indicated that the hazard
ratio for recurrence and death for node positive as
compared to node negative patients was 2.4 and 2.8
respectively (G. M. Clark, personal communication).
In summary, axillary nodal status is an extremely important predictor of recurrence.

Tumor Size
Tumor size also provides very important prognostic information, which is independent of nodal
status. In the SEER database of over 13,000 nodenegative women, patients with tumors less than 1 cm
had a 5-year relative OS of close to 99%, compared to
89% for those with tumors 1–3 cm, and 86% for those
with tumors 3–5 cm (27). Other authors have found
similar results, even with followup exceeding 20 years
(28,29).
In summary, the results of many large studies indicate that tumor size is a strong marker of breast cancer prognosis and is therefore critical in treatment decision making. Overall, we assign “TMUGS grades”
of 2+ or even 3+ to the TNM system (Tables II and V).
In other words, TNM is sufficiently strong, and the
reliability of the data to support that statement is sufficiently rigorous, that it can be used either in the context of other available information to guide clinical
decision making (2+), or as a “stand-alone” factor
to make treatment recommendations (3+). The data
to support such an assignment for TNM come from
mostly accumulated LOE III studies. Although few if
any formal LOE I or II studies are available, nearly
every study of these factors provides consistently
positive results suggesting that the relative risk for
“positive” versus “negative” patients is at least 2.0.

Tumor Grade and Type
Pathologic features of invasive breast tumors
have been shown to be of prognostic significance, but
they appear to be less strong than clinical stage, lymph
node status, or size. Certain unusual histopathologic
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Fig. 3. Prognosis according to TNM staging. From Ref. 8 with permission.

subtypes including pure tubular, papillary, or medullary cancers are associated with a particularly good
prognosis with long-term recurrence rates of less than
10% (30,31).
For the more common subtypes, such as invasive ductal or lobular carcinoma, the use of histologic
grade has been hampered by interobserver variability.
Several investigators have proposed objective grading systems. Perhaps the most widely accepted is the
Scarff–Bloom–Richardson (SBR) Classification, subsequently modified by Elston and Ellis, which takes
into account mitotic index, differentiation, and pleomorphism, and divides tumors into good, moderate,
and poor grades (32,33). Using this and other grading
systems, most authors have confirmed that patients
with a poor tumor grade have a higher risk of relapse
that those with good tumor grade (34,35).
However, the results of these studies are variable, and there is considerable controversy regarding
the prognosis of the largest of the three grades (moderate). Given the current lack of standardization of
grading systems, at present tumor grade appears to be
a moderate strength prognostic factor, with a relative
risk of 1.5–2.0. Because of the uncertainty surrounding the prognostic status of the “moderate” grade
category, coupled with concerns over interobserver
variability, we assign a TMUGS grade of 1+ to tumor

grade, although other authors, including the College
of American Pathologists, have recommended adoption into routine practice (36,37). It is anticipated that
with increasing use of standardized grading systems,
the noted interobserver variability in grading will diminish (38–40). Better standardization will permit a
more reliable estimate of the strength, and therefore
of the clinical utility, of tumor grade as a prognostic
factor.

Lymphatic and Vascular Invasion
Peritumoral lymphatic vessel (LVI) and blood
vessel invasion (BVI) have been demonstrated by several groups to predict both for local and distant recurrence (31,41). For example, in one study with 20 years
follow-up, the recurrence rate for 461 women with
Stage I disease was 38% and 22% for LVI-positive and
LVI-negative patients respectively ( p = 0.05) (31).
However, as with tumor grade, reproducibility of LVI
among pathologists has been controversial, and the
prognostic role of LVI in very small tumors (<1 cm)
has not been well-studied. Therefore, although these
studies indicate that LVI is a moderate strength prognostic factor, we assign it a 1+, although arguably it
could be given a 2+.
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Hormone Receptor Status
The impact of hormone receptor (estrogen receptor, ER, and progesterone receptor, PgR) status
on prognosis is complex, and many older studies are
confounded by the known or unknown presence of
adjuvant endocrine therapy (42). Perhaps the best
study of the prognostic strength of ER comes from the
National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-06 study, in which women with early stage
breast cancer received no adjuvant systemic therapy
(34). Patients with ER positive tumors had a 5-year
disease free survival (DFS) of 74% and a 5-year OS of
92%. For those with ER negative tumors, the 5-year
DFS and OS were 66 and 82%, respectively.
Other studies with longer follow-up indicate that
the improved prognosis associated with ER positive
tumors does not persist with time (43). These findings
suggest that ER positive tumors may not have a different metastatic potential than ER negative tumors.
Instead, they may have a slower growth rate. Taken
together, these data suggest that ER status is a weak
prognostic factor with a relative risk of recurrence of
1.0–1.5 that predicts for more indolent behavior during the first few years after diagnosis more than for
overall recurrence. As previously stated, ER status
appears to be a much stronger predictor of treatment
response than it is a prognostic factor. It should be
used primarily in making recommendations regarding
the use of endocrine treatment in the adjuvant setting
(17–19). Therefore, it is difficult to assign a TMUGS
grade to ER. Standing alone as a pure prognostic factor, it would be given a 1+. However, because it provides very powerful information regarding response
to endocrine therapy, one must consider assigning it
a 3+, as illustrated in the example below.
For instance, consider the prognosis of a woman
with a 1 cm (Ti) node negative (No), tumor that is
poorly differentiated, is ER negative, and has LVI.
Her prognosis is substantially worse than if she had a
well-differentiated, ER positive, LVI negative tumor.
In the former case, she would be at least in the moderate risk category, where the potential survival benefits
of adjuvant systemic chemotherapy are such that she
should strongly consider treatment. In the latter case,
the patient falls into the very good prognostic category, in which she would at most consider treatment
with tamoxifen (Figs. 1 and 2). However, consider a
patient with all of the features of the latter case, except that her hormone receptors are positive. In the
absence of any therapy, her prognosis is now slightly
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better than the first patient, by virtue of having positive hormone receptors, but she still probably falls
into the moderate risk category. However, adjuvant
endocrine therapy substantially reduces her risk of
recurrence and death (as much as 40%) moving her
into the very good risk category. Therefore, if she were
ER negative or endocrine therapy were not available,
one might recommend chemotherapy regardless of
her ER status, but since endocrine therapy improves
her prognosis so much, she might forego chemotherapy. In that case, she would give up a small (1–2%)
additional benefit to avoid the toxicities.

Candidate Prognostic Markers
Markers of Proliferation (Flow Cytometry,
Thymidine Labeling Index, Bromodeoxyuridine
Incorporation)
Logically, faster growing tumors should recur
more rapidly than slower growing ones. Indeed, visual
estimation of mitotic figures is a key component in the
Elston–Ellis SBR tumor grading system. Several different methods exist to more objectively assess the
rate of proliferation including DNA flow cytometry
(ploidy and S-phase fraction, SPF), thymidine labeling index (TLI), mitotic index, and bromodeoxyuridine (BrDU) incorporation. In addition, immunohistochemical analyses using antibodies directed at
antigens present during cell proliferation, such as
Ki-67 and PCNA, can be performed on paraffinembedded tissue and provide a readily available and
reproducible alternative means of analysis.
Over 200 articles have examined the impact of
SPF on breast cancer prognosis (44). Unfortunately,
the field provides a classic illustration of the problems of tumor marker analysis. These studies have
used different assays, means of analyses, and cutoff
points. In addition they frequently did not include information about systemic therapy, nor have they often
controlled for other prognostic variables. All of these
factors make many of these studies difficult to interpret. Nonetheless, several large well-designed studies
have recently been carried out and indicate that tumors with a high SPF are associated with an inferior
outcome when compared to those with a low SPF (44).
In a prospective observational study performed by
the U.S. Intergroup, SPF was used to identify patient
risk and determine treatment (45). Low risk tumors
were defined as either having tumors so small that
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ER could not be performed, or as <2 cm, ER and
PgR positive, and low SPF. Five-year risk of relapse
and of death of patients in this category, who were observed without adjuvant systemic therapy, were only
12 and 3%, respectfully. These results suggest that in
patients with small ER/PR positive tumors, a low SPF
may identify an excellent prognostic group in which
only a few patients are likely to benefit from adjuvant
systemic chemotherapy. Other studies have indicated
that Ki-67 and other measures of proliferation including TLI, mitotic index, and BrDu-incorporation also
predict for risk of recurrence (46–48).
Nontheless, the ASCO Tumor Marker Expert
Panel has thus far concluded that the data were insufficient to recommend routine use of SPF or related
measures for prognostic information or for treatment
selection (17–19). This recommendation was due at
least in part to a lack of standardization in measurement techniques, reproducibility of test results, and
cutoff points. Regardless, the results from new studies suggest that SPF should be reconsidered, particularly for patients with otherwise favorable prognostic features such as small tumor size and positive
receptor status. However, certain methodological issues need to be resolved. Flow cytometry and IHC
methods need to be standardized, and further data
from prospective trials are required for measures of
proliferation to be broadly useful. Presently, we assign a TMUGS score of 1+ to those factors, although
others have incorporated their use into standard
practice.

Markers Regulating Cell Cycle and Cell Death
In addition to gross measures of cellular turnover, one can also assay for abnormalities in protooncogenes and tumor suppressor genes that regulate
the process of cell cycle and cell death. Therefore,
markers of cell death might provide prognostic information. These include either direct evaluation of
apoptosis, or indirect evaluation of the genes and their
products that mediate this process.
p53. p53 is a tumor suppressor gene with
pleotropic functions located on chromosome 17. The
p53-encoded nuclear protein has an important role
in regulating transcription of many other genes. In
response to cell damage or crisis, wild type p53 can
induce cell G1 cycle arrest. If repair mechanisms are
not sufficient, p53 also serves as a critical regulator
of cellular entry into the apoptotic pathway. The p53
gene is mutated or deleted in up to 50% of breast car-
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cinomas, and therefore it is an appealing marker for
study. However, as with so many other markers, the
data regarding p53 and prognosis are conflicting. Different investigators have used a variety of methods to
detect mutated or abnormal p53, including immunohistochemistry (IHC) (with different antibodies), fluorescent in situ hybridization (FISH), and techniques
to determine if the gene is intact, such as complete sequencing of the p53 gene, polymerase chain reactionsingle-strand conformation polymorphism, and DNA
oligonucleotide arrays. Wildtype p53 protein has a
very short half-life, and therefore, in theory, should
not be detected by IHC, whereas mutated p53 protein
is stabilized and should be detectable. Nonetheless,
although IHC does detect mutated p53, it may also
identify stabilized wild type (49). In addition, point
mutations that are detected in sequencing techniques
may not always correlate with protein accumulation
on IHC and, of course, deletion of all or the part of
the gene encoding the epitopic domain also results in
a “negative” IHC result (50). Therefore, when these
concerns are added to the usual concerns of interaction with therapy, tissue preparation heterogeneity,
and investigator and laboratory variability, it is not
surprising that the results of p53 assessment by IHC
and outcomes have been mixed. The ASCO Panel
reviewed over 40 studies that evaluated the prognostic role of p53 in breast cancer and concluded that
there were insufficient data to support the clinical
use of p53 (17). Subsequent to the ASCO analysis,
a meta-analysis of 11 published studies of somatic
mutations of p53 has been reported (51). Overall,
the relative hazards for recurrence and death were
1.5 (95% CI = 1.2–1.9) and 2.0 (95% CI 1.7–2.5) respectively, and for node negative patients, the authors
calculated a relative hazard of 2.6 for death (95% CI =
1.7–3.9). In spite of this study, until the more reliable
method(s) of analyzing p53 abnormalities are available and until clinical trial designs are used to control
for the effects of therapy, it is difficult to recommend incorporation of this marker into clinical practice. Currently, we assign p53 analysis a 1+ TMUGS
grade, at best, as a pure prognostic factor in breast
cancer.
bcl2 Family. Several members of the bcl2 family
have a critical role in regulation of apoptosis. In general, overexpression of bcl2 is associated with resistance of cells to programmed cell death (52). Enigmatically, bcl2 is regulated in breast cancer by the ER and
high levels of the protein are associated with markers
of good prognosis and improved outcomes (53). Other
members of the bcl2 family include bclxs , bclxL , and
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bax, an inhibitor of apoptosis. In theory, prognosis
should be reflected by a balance of bax and bcl2 family members. Only limited data are available to correlate these markers with prognosis in breast cancer.
For example, one preliminary study has suggested that
low levels of bax are associated with worse outcome
in women who received combination chemotherapy
for metastatic breast cancer (54). Another study suggested that overexpression of bclxL is associated with
worse outcomes (55). Given the complexity of this
family of genes and their protein products, it is likely
that alterations in the ratios, rather than the absolute
amounts, of bcl2 and other members will play important prognostic and/or predictive roles in breast cancer. In the meantime, evaluation of these genes must
be considered highly investigational, with a TMUGS
score of +/−.
Other Molecular Measures of Proliferation and
Cell Death. The cyclins, their associated kinases, and
kinase inhibitors are intimately involved in cell cycle control and cell survival. A number of studies
have investigated abnormalities in these genes and
their products in relation to breast cancer prognosis
(56–58). Although these studies are mostly positive,
they are all preliminary, and represent LOE III or less
evidence. This category of markers must be assigned
a “+/−” TMUGS score.

HER-2
The HER-2/neu oncogene, also known as
c-erbB-2, encodes a 185 kd transmembrane glycoprotein that belongs to the family of epithelial growth factor receptors (59). Amplification of the gene and/or
overexpression of the protein occurs in approximately
30% of breast cancers (60). Amplification or overexpression of HER-2 can be measured in several
ways, including IHC and enzyme-linked immunosorbent assay (ELISA) to determine protein expression,
and southern blotting or FISH to determine gene
amplification.
In a study of 100 node-positive women, Slamon
and colleagues first reported that tumors with amplification of HER-2 were associated with lower DFS and
OS (60). Since that time, a large number of studies
have examined the prognostic significance of HER-2.
Overall, these studies suggest that HER-2 overexpression is of prognostic significance for node positive
patients, but variable results have been reported for
those with node negative disease (61).
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Predictably, the interpretation of many of these
studies has been hampered by small sample size, variable methods of HER-2 analyses and cutoffs, short
length of follow-up, and perhaps most important the
confounding effects of treatment. Recent studies have
suggested that HER-2 status is predictive of response
to specific types of adjuvant chemotherapy and possibly hormonal therapy (62). Thus, as with other markers, in order to avoid the confounding effect of treatment, studies examining the prognostic significance
of HER-2 status are best performed in untreated patients. The preliminary results of a meta-analysis of
published and reported results suggest that the hazard
rate for recurrence and death for node negative patients appears higher for HER-2 positive patients than
for HER-2 negative patients, but the relative difference is weak, at best (RR = 1.12 [95% CI, 1.04–1.22]
for recurrence and 1.15 [95% CI, 1.07–1.23] for death,
respectively, for patients with HER-2 positive tumors
as compared to those with HER-2 negative tumors)
(61). Some authors have argued that specific assays,
such as FISH, are more reliable than other assays (63).
Although intriguing, these LOE III data represent a
single study, and confirmation from other data sets is
required before one can assume that FISH analysis
for HER-2 has a relative prognostic strength equal to
clinical stage or nodal status (RR > 2).
In summary, the available data suggest that
HER-2 may truly be a prognostic factor in breast cancer but overall appears to be a weak one. It is likely a
much stronger predictor of responsiveness to specific
therapies (62). At present, we assign a TMUGS score
of 1+ to HER-2 as a prognostic factor, although it may
be indicated as a predictive factor, especially in selecting anthracycline-based chemotherapy and possibly
trastuzumab in the adjuvant setting (Tables I and V).
Importantly, methodology used to determine HER-2
status must be standardized, and further LOE I or
II studies need to be carried out prior to the integration of HER-2 as a marker of prognosis.

Markers of Metastasis or Metastatic Process
As noted, after clinical stage, the presence or absence of axillary nodal metastases as determined by
light microscopy of hematoxylin and eosin (H&E)
stained slides, is the most powerful prognostic factor
in breast cancer. Therefore detection of occult micrometastases, either in lymph nodes or in other tissues, might identify the 25–30% of “lymph node negative” patients who are destined to relapse without
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adjuvant systemic therapy. Although intriguing, the
results from studies addressing the presence of occult
metastases have not conclusively demonstrated clinical utility of this approach.
Lymph Node Micrometastases. The presence of
micrometastatic disease in lymph nodes can be assessed by a number of different means, including serial sectioning and evaluation by conventional H&E
staining and light microscopy, IHC staining, or polymerase chain reaction (PCR) for epithelial or tumorassociated antigens (64).
Studies with long patient follow-up have suggested that the presence of lymph node micrometastases, detected either by serial sectioning or by special
studies such as IHC or PCR, confers a worse prognosis
(64). Overall, these studies suggest that the presence
of micrometastatic lymph node involvement predicts
for a slightly worse outcome than for patients who
are truly node negative. However, most of these studies suggest that occult lymph node involvement is a
weak or at most a moderate strength prognostic factor. Moreover, the use of serial sectioning to detect
occult nodal involvement is impractical for routine
clinical care. We assign a 1+ TMUGS grade to identification of micrometastases in axillary lymph nodes
using any special studies (serial sectioning, IHC,
PCR, etc.).
Such a cautionary note is further warranted in
the case of lymph nodes that have been identified by
sentinel node mapping (65,66). Although IHC seems
to have been widely adopted by many pathologists
as a method of evaluation, only a single study has
been reported (and none has been published) that
addresses the prognostic strength of positive findings.
In this study, the finding of IHC positivity in H&E
negative sentinel lymph nodes did not change prognosis (67). In the absence of any meaningful data, this
technique is assigned a ± TMUGS grade, at best, and
it seems imprudent to incorporate this technique into
routine care.
Bone Marrow Micrometastases. Like detection
of micrometastases in lymph nodes, occult cancer deposits in bone marrow (bone marrow micrometastases, BMM) might also provide prognostic information. Most studies have utilized immunocytochemical
staining of a variety of epithelial antigens, including
cytokeratin, membrane bound mucins, or tumorassociated antigens. Current techniques allow the detection of about one tumor cell in 2 × 106 mononuclear cells. The interpretation of the findings from
these studies is hampered by the variability in the sensitivity and specificity of the antibodies used, as well as
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the differences in staining and analysis techniques. A
recently published meta-analysis of 20 studies, including many in breast cancer patients, has suggested that
this technique may not provide important prognostic
information (68). This report noted that the presence
of BMM in patients with breast cancer was associated with a worse outcome, but only modestly so (RR
of relapse = 1.3; 95% confidence interval [CI], 1.27–
1.42) (68). However, overview/meta-analyses may dilute the findings of individual well-designed trials. In
this regard, two prospective, large trials from Europe
suggest that detection of BMM is strongly prognostic, but recently reported results from a third study,
with very long-term follow-up, suggest that BMM was
not prognostic in untreated node negative patients
(69–71). Although some centers have begun to routinely test for BMM, we feel that more follow-up, especially in those patients with an otherwise particularly good prognosis, is required before widespread
adoption of this procedure. If the initially exciting
results from these specific studies are substantiated
with longer follow-up and other studies, it appears
that BMM will be a “strong” factor. However, the inconsistencies and relative sparcity of LOE I or II data
lead us to assign this technique a 1+ TMUGS grade
at this time.

Markers of Angiogenesis
Tumor growth and metastasis are critically dependent on tumor-induced angiogenesis (72). The
increasing appreciation of the importance of angiogenesis prompted speculation that measures of neovascularization, either directly, by counting new blood
vessels or indirectly, by monitoring putative angiogenic factors and their receptors, might serve as prognostic factors.
Weidner and colleagues first reported that microvessel density (MVD) count (after IHC staining
for Factor VIII-related antigen) is a statistically significant independent predictor of DFS and OS in both
node-negative and node-positive women (73). Subsequently reported retrospective studies have both confirmed and refuted these finding (74). As with many of
the other tumor marker studies, evaluation of angiogenesis is complicated by technical variation, reader
inconsistency, and potential interaction with therapy
(75). The data are so confounded that we assign a +/−
or 1+ to measures of neovascularization as a prognostic factor, and we do not recommend its use as a basis
for making clinical decisions.
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In addition to counting MVD, investigators have
examined the association between angiogenic factors,
produced either by the tumor or recruited from the
extracellular matrix, and patient outcome. The most
commonly studied angiogenic factors include basic fibroblast growth factor (bFGF) and vascular endothelial growth factor (VEGF), either in the breast cancer tissue itself or in the circulation (76,77). Although
promising, the available LOE III data regarding these
factors remains very preliminary. Again, we assign
a TMUGS grade of +/− to these factors, and no
definite recommendations regarding their use can be
made.
In summary, the hypothesis that angiogenic activity in individual specimens might distinguish between
tumors that are more indolent or aggressive in nature
is appealing. However, the data are mostly derived
from small retrospective analyses (LOE III). Large
LOE II studies are ongoing, and could help to further delineate the prognostic role of tumor-induced
angiogenesis. These studies have at least provided an
increasingly sophisticated understanding of the role of
various angiogenic factors in the process of malignant
transformation and behavior, leading to a number of
studies directed toward therapeutic intervention.

Markers of Invasion
Angiogenesis is just one feature of the complex
process of invasion and metastasis. In theory, tumor
cells adhere to the extracellular matrix and recruit
stromal cells. Subsequently, matrix-degrading proteases mediate tumor cell passage through basement
membrane and extracellular matrix leading to tumor
progression. Identification of markers that are related
to the process of adhesion, invasion, and metastasis
might therefore be very valuable, especially in women
whose primary breast cancer has not spread to regional nodes. Although a number of promising studies
have been reported regarding several of these markers, at present none of those included in this category
can be applied for routine clinical use.
Cathepsin D. One of the most intensively studied
markers in this category is cathepsin D. Cathepsin D is
a lysosomal proteolytic enzyme with a critical role in
protein catabolism and tissue remodeling (78). Early
studies of cathepsin D in breast cancer suggested that
high levels of the marker are associated with worse
outcomes in some groups of women with breast cancer but subsequent results have been mixed (78,79).
After careful review, the ASCO Tumor Marker Ex-
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pert Panel did not recommend routine clinical use of
this marker (17). Nonetheless, considerable interest
in this family of enzymes continues. A meta-analysis
of 11 studies of cathepsin D in node-negative women
suggested that the relative risk of relapse for low versus high levels of cathepsin ranged from 0.53 to 0.63
for follow-up of 12–84 months, which would place it
in the “moderate strength” category (80). Regardless,
the heterogeneity of methods for analyses of cathepsin D and the broad range of results from the various
studies lead us to assign a +/− or 1+ grade, and it
must be considered investigational.
Urokinase Plasminogen Activator System. Urokinase plasminogen activator (uPA) is a serine protease with an important role in cancer invasion and
metastases (81). When bound to its receptor (uPAR),
uPA converts plasminogen into plasmin and mediates extracellular degradation with subsequent tumor cell invasion and spread. In addition, inhibitors
of uPA have been identified, including type 1 and
2 plasminogen activator inhibitors (PAI-1 and 2 respectively). PAI-1 level is generally high in tumor tissue and plasma, and it is inactivated when bound to
uPA. PAI-2 is usually present in low levels except
for some conditions such as pregnancy or myeloid
leukemia (81). Several studies have suggested that
high levels of uPA, uPAR, and PAI-1 are associated
with worse outcomes, while, interestingly, high levels
of PAI-2 may be associated with improved outcomes
(81,82).
These encouraging LOE III studies led several
European investigators to initiate a prospective study
in which breast cancer cytosolic uPA and/or PAI-1
levels from node positive breast cancer patients were
determined (83). Patients with elevated levels of one
or both markers were randomly assigned to six cycles of adjuvant chemotherapy (cyclophosphamide,
methotrexate, 5-Fluorouracil (CMF)) versus observation, while patients with low levels of both markers
were observed. As expected, those with low levels
of both markers had a remarkably favorable prognosis, approaching or surpassing that which most clinicians and patients feel is required to justify adjuvant
chemotherapy (<10%) (Fig. 4). In contrast, the prognosis of those with one or both markers elevated who
did not receive adjuvant chemotherapy was substantially worse. In the randomized trial, administration of
adjuvant chemotherapy to the other 50% of women
with elevated uPA and/or PAI-1 levels was associated
with a 44% proportional reduction in probability of
relapse (at interim analysis with a 32-month median
follow-up p = 0.17).
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Fig. 4. Disease free survival according to UPA/PAI results from prospective randomized multicenter clinical trial (thick lines)
and from prospective unicenter clinical trial (thin lines). From Ref. 83 with permission.

Taken together with the previously published
studies, this study, although small and with a short
follow-up, very nearly fulfills the requirements put
forth to achieve “LOE I” status. Of note, a larger
validation trial is now ongoing in Europe. However,
at least in the United States, the assay technology
is problematic. Nearly all of the data generated for
prognosis come from ELISAs performed on relatively large, frozen tissue sections removed at the time
of surgery. This situation poses two problems. With
widespread advent of screening, primary breast cancers are increasingly smaller, so that the mean size in
many centers is now less than 2 cm. Many pathologists
are reluctant to exclude a relatively large portion of
such a small tumor mass for a molecular assay, precluding its availability for routine light microscopic
evaluation. Although promising pilot studies have
been performed with core needle biopsy material and
microassays for uPA and PAI-1, these results require
substantial validation. A second problem involves the
requirement for tissue freezing. With the widespread

adoption of IHC techniques by most departments of
pathology to determine ER and PgR, routine tissue
freezing of breast cancer specimens has been discontinued, obviating the need for expensive equipment
and supplies for freezing and storage (such as liquid
nitrogen). Returning to such a system would require
a major paradigm shift in this country. IHC staining
for uPA and PAI-1 has been reported, but there are
few if any studies correlating these results with poor
outcome (84). Therefore, at least in the United States,
routine assessment of these markers continues to be
considered investigational. Thus, overall, we assign a
1+ TMUGS grade to the UPA/PAI-1 system pending the results of the definitive European validation
study and resolution of the technical issues surrounding a practical assay.
Other Markers of Invasion and Metastasis. Many
other markers of the metastatic process have been
proposed and/or studied. An incomplete list of some
of these, for which interesting preclinical rationales and very early LOE III type data have been
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reported, include abnormalities in nm23, E-cadherin,
the catenins, tissue inhibitors of metalloproteinases
(TIMPs), prostate specific antigen, tissue factor (TF),
and osteopontin (85) (86–92). Moreover, allelic loss,
microsatellite instability, or methylation silencing of
tumor suppressor genes may also be prognostic (93–
96). However, all of these very interesting concepts
require further evaluation and validation, and each is
assigned a TMUGS score of +/−.
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