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Do we need more prognostic factors in node-negative
breast cancer? As I read the accompanying opinion
pieces by two highly regarded experts in the field
regarding this topic, I was struck by a curious observa-
tion. Although they were supposed to take ‘pro’ or ‘con’
positions, in reality both authors came to the same
conclusion. Their comments can be paraphrased in the
following statement: ‘Yes, we do need new prognostic
factors, but they need to be more precise and reliable’.

Both Drs Thomssen and Janicke and Drs Kaufmann
and Scharl refer indirectly to the chaos that has existed
in the field of tumour markers, which has led to near
paralysis in trying to select markers that might have
clinical utility. Indeed, 5 years ago, a panel of experts
was convened by the American Society of Clinical
Oncology (ASCO) to establish guidelines for the use of
both tissue-based and circulating tumour markers in
patients with breast cancer. The published guidelines
from this Expert Panel regarding tissue-based markers
were quite conservative, recommending only the use of
oestrogen receptor (ER) and progesterone receptor (PR)
to determine the likelihood of benefit from endocrine
therapy [1,2]. In spite of nearly 20 years of remarkable
advances stemming from the revolution in molecular
biology, the members of the Expert Panel were unable
to determine whether any other markers could actually
be used to reliably guide patient care in a reproducible
fashion.

From the comments by Drs Thomssen, Janicke,
Kaufmannn and Scharl, and the recommendations of
the last St Gallen Conference, it appears that a similarly
conservative approach is taken in Europe [3]. Why
haven’t we incorporated new markers, such as p53
abnormalities, erbB-2 amplification/overexpression,
angiogenesis, and markers of tissue infiltration such as
uPA and PAI-1 into routine clinical care? I believe there
are two reasons for our lack of acceptance of new mar-
kers: (1) There has been no consensus structure in which
to perform tumour marker studies and, therefore, there
are no consistent methods to design or evaluate tumour
marker investigations; and (2) The decisions to treat or
not to treat a patient with adjuvant systemic therapy are
based on complex perceptions regarding the relative
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benefits and the relative costs and toxicities. These differ
depending on the agent, the patient, the caregiver and
the society in which they exist.

1. Tumour Marker Utility Grading System (TMUGS)

I will consider these issues separately. When the
ASCO Tumour Marker Expert Panel was convened in
1995, the members were struck by the remarkable het-
erogeneity among tumour marker studies, even those
ostensibly addressing the same issue. An analogy (albeit
a negative one) can be drawn from the state-of-the-art
strategies for performing therapeutic trials 30-40 years
ago. At that time, to impose some order on the results
that would be derived from clinical trials, groups of
investigators devised clinical trial designs (phase I,
phase II and phase III) and scales for analysis (toxicity
scales, performance status scales and response criteria)
that, with some modifications, persist and serve us well
today [4]. Importantly, such trials demand a prospective
hypothesis and a preset ‘protocol’ that dictates the
methods to be followed in conducting the study and
analysing the data. In fact, these clinical investigators
were applying the scientific method, which had been
well established in laboratory science, to the clinical
setting. Even using such strict methods, we still often
require meta-analyses of the results from several well
designed but relatively underpowered clinical trials to
determine how beneficial a specific therapy really is
[5,6]. Indeed, any investigator who claims that his or her
single, retrospectively performed tumour marker study
demonstrates definitive clinical utility should review Fig.
1 from the most recently published report of the Oxford
overview of randomised trials of polychemotherapy for
breast cancer [6]. Although the overall data confirm the
benefits of adjuvant chemotherapy, there are several
prospective randomised clinical trials that show either
no benefit for treatment, or even that treatment results
in worse outcomes.

With certain exceptions, no such system has been
devised for tumour marker studies [7,8]. Rather, most
tumour marker investigations have been performed
because an investigator has access to an interesting
assay and happens to have a group of available patient
specimens. Rarely is there quality control over how the

0959-8049/00/$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.

PII: S0959-8049(99)00303-2



Current controversies in cancer | European Journal of Cancer 36 (2000) 293-306 303

patients were selected, how the specimens were col-
lected, processed or stored, or how the assay was per-
formed. Moreover, tumour marker studies almost never
include prospective power calculations or analytical
plans. Whilst results from such studies are adequate to
generate hypotheses, we should not be surprised that the
results that they generate are poorly reproducible and
generally unreliable.

As a function of trying to make order from the chaos
of available tumour marker studies, several members of
the ASCO Tumour Marker Expert Panel developed,
and published, a Tumour Marker Utility Grading Sys-
tem (TMUGS) [9]. TMUGS helps a reviewer organise
available studies with regard to the assay technology
used to evaluate a specific marker. It also provides a list
of possible uses for which the marker might be applied,
recommends clinical outcomes that should be influenced
by the results of a marker, and suggests a semi-
quantitative scale of utility grades (0-3+) that the
reviewer might assign to the marker. Only those mar-
kers that are assigned utility grades of 2+ or 3+ would
be considered satisfactory for recommendation in rou-
tine clinical practice. Perhaps most importantly, a criti-
cal feature of TMUGS is a definition of the quality of
the evidence available to support assignation of a utility
grade. Ideally, one would have Level of Evidence (LOE)
I data to assign a utility grade to a given marker for a
particular use. LOE I studies consist of either a highly
powered prospective randomised trial in which the
marker is the primary objective of the study or a criti-
cally performed meta-analysis of lesser LOE studies.
LOE II studies include those in which the marker ques-
tion is a secondary objective within a prospective clini-
cal trial that is performed to address a therapeutic
question. LOE III studies consist of the hypothesis-
generating investigations that are represented by most
currently available tumour marker publications.

2. TMUGS ‘plus’

Even if LOE I studies are available, how does a clini-
cian decide when to use the marker in routine clinical
practice? Too often, investigators observe that a group
of patients that are ‘positive’ for a given marker have an
outcome that is statistically significantly different from
another group that is ‘negative’. Therefore, they con-
clude that the marker should become part of routine
evaluation of patients with the disease (as illustrated by
a recent paper by the International Breast Cancer Study
Group [10]). Two important components of decision
making are often lost in these conclusions: (1) the dif-
ference between prognosis and prediction; and (2) the
difference between being statistically significant and
clinically useful. Drs Thomssen, Janicke, Kaufmann
and Scharl refer to the simple but groundbreaking defi-

nitions of prognosis and prediction, as first proposed by
McGuire and later by Gasparini and colleagues [8,11].
However, very little attention has been paid to the
magnitude of difference in outcomes between the two
groups (those that are positive for a factor versus those
that are negative), whether independent (‘prognostic’)
or dependent (‘predictive’) of specific therapies. The
utility of a marker depends on both this magnitude of
difference and whether the difference is unlikely to be
due to chance alone.

These concepts are illustrated in Figs. 1 and 2. Fig.
1(a) represents an example of two pure prognostic fac-
tors, whilst Fig. 1(b) represents two pure predictive
factors. The example provided in Fig. 1(a) represents
poor prognostic factors; that is, ‘factor-positive’ patients
have a poorer clinical outcome than ‘factor-negative’
patients. However, the poor prognosis is independent
of therapy. Therefore, both groups may benefit from
therapy equally, but factor-positive patients still have a
worse outcome than factor-negative patients do. Note
that the distance between the factor-‘negative’ line and
the factor-‘positive’ lines represents the relative magni-
tude of the prognostic strength of each factor. In this
example, as is often the case in published markers of
tumour markers, the difference between the factor-
negative and -positive lines for both markers has been
statistically established, with P values less than 0.05. In
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Fig. 1. Schematic examples of pure prognostic (a) and pure predictive
(b) factors. Strong factor (1). Weak factor (2).
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Fig. 2. Schematic example of method to determine relative predictive
value (RPV) from results of prospective randomised clinical trial in
which patients are randomly assigned to therapy versus no therapy.

other words, the difference in outcomes between factor-
positive and -negative patients is unlikely to be due to
chance alone for either the strong or the weak factor.

However, the clinical utility of these two factors
(strong and weak) is quite different. There is a huge
separation between the factor-negative and positive
lines for the strong factor. Indeed, the outcome for the
factor-negative patients is so good that, depending on
the toxicities and costs of therapy, we might decide not
to recommend adjuvant systemic therapy. In contrast,
although statistically different, the outcomes for two
groups of patients divided by a weak factor are not
sufficiently substantial to be clinically important. In
other words, we would probably offer the same treat-
ment recommendations to both groups of patients.
Therefore, although important to ensure that the inves-
tigator’s observation is not due to chance alone, the P
value does not determine clinical utility. Rather, it is the
magnitude of the relative risk of poor outcome between
factor-negative and -positive patients that determines
whether the factor is useful to the clinician and patient.

Similar considerations can be applied to a predictive
factor, as illustrated in Fig. 1(b). In this example, the
illustrated markers are positive predictive factors for
response to a specific therapy, and, again, illustrations
are provided for strong and weak factors. Note that in
the absence of the specific therapy (‘No Therapy’ in Fig.
1), a pure predictive factor does not separate the popu-
lation into two patient groups. It is only in the presence
of the specific therapy for which the factor is predictive
that the outcomes of ‘positive’ and ‘negative’ patients
differ.

Two final considerations must be addressed. Very few
factors are absolutely accurate. If one is using such fac-
tors to determine whether to not treat a patient, then
one has to be willing to accept that the patient may
forego some potential benefit. If a patient is willing to
accept all toxicities and costs to achieve any possible

benefit (even as low as 1%), then tumour markers
should not be used. Placed in the context of node-nega-
tive patients for whom one is considering therapy, no
factors (prognostic or predictive) are likely to identify a
group of patients for whom adjuvant systemic therapy
does not offer some chance of benefit. Thus, one also
has to consider the cost of the specific therapy, both
with regard to toxicities and financial expense. In this
regard, a patient might elect to take tamoxifen as adju-
vant systemic therapy even if her prognosis is very good
(for example, a 1 cm, well differentiated cancer) and her
odds of benefiting are very low (for example, if her
tumour is ER poor). Even in these circumstances, an
occasional patient will avoid an incurable recurrence by
taking tamoxifen. Is this small potential benefit worth
the exposure to the relatively low incidence of poten-
tially lethal toxicities, the more common but usually
tolerable side-effects, and the modest cost of 5 years of
tamoxifen? Some individuals might say yes, others no
[12]. Moreover, some healthcare systems might be will-
ing and able to shoulder the burden of such an expense,
whilst others might demand a much higher benefit/risk
ratio to justify the financial cost. It is likely that these
deliberations will not only differ from patient-to-patient
and doctor-to-doctor, but between different national
healthcare delivery systems, as well.

The deliberations regarding chemotherapy are influ-
enced by the higher rate of therapy-related mortality (as
high as 1-2%) in some adjuvant studies and the dra-
matically increased risk of intolerable side-effects, as
well as the considerable economic cost over a short
period of time (months, rather than over 5 years with
tamoxifen). In this case, patients, physicians and third-
party payers might choose therapy only if their odds of
benefiting are substantially higher. Moreover, several
active chemotherapeutic agents are now available, with
proven efficacy in the adjuvant setting but with con-
siderably different toxicity profiles. Predictive factors
that permit selection of specific agents for individual
patients could be very important.

Thus, a new prognostic factor is unlikely to be of
much benefit regarding endocrine therapy, unless it
separates patients into those absolutely unlikely to recur
(and, therefore, cannot benefit), or those ER-positive
patients that are absolutely unlikely to respond.
Otherwise, most patients and caregivers seem likely to
elect treatment. With the increasing experience of deli-
vering chemotherapy in shorter courses, the availability
of newer anti-emetics, and the current lack of emergence
of important long-term complications related to adju-
vant chemotherapy, one wonders whether the same is
true for chemotherapy? None the less, even 3 months of
chemotherapy has a substantial impact on a patient’s
quality of life, and factors that reliably place a patient
into an extraordinarily good prognostic category would
be of great value for most.
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Therefore, it is reasonable to place prognostic and
predictive factors into categories, for example ‘weak’,
‘moderate’ and ‘strong’ [13]. The prognostic strengths of
different factors can be determined by comparing out-
comes of factor-positive versus factor-negative patients
in a non-randomised trial, but the effects of therapy
must be considered. In this regard, studies that use ran-
domly collected patient samples represent LOE III
investigations and are unlikely to provide definitive
information for routine clinical application.

In contrast, the predictive strength of a factor can
only be determined by comparing relative outcomes in
factor-negative and -positive patients treated with the
therapy of interest versus the relative outcomes of fac-
tor-negative and -positive patients who did not receive
the therapy [13]. Preferably, such a comparison should
be performed in the context of a prospective, random-
ised clinical trial. Fig. 2 is a conceptual illustration of
how one might estimate the predictive strength from the
results of a randomised trial or an overview of several
such trials. In this example, the relative predictive
strengths of weak, moderate and strong factors are illu-
strated. One can estimate the relative predictive value
(RPV) of a marker by dividing the relative risk (RR)
reduction for recurrence for treated patients versus
untreated patients who are factor-positive by the RR
reduction for recurrence for factor-negative patients.
For example, in Fig. 2, consider the effects of therapy
versus no therapy for a population of patients divided
by a weak predictive factor. The RR for recurrence for
factor-negative patients is 0.9 (in other words, they only
experienced a 10% proportional reduction in recurrence
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Fig. 3. Relative predictive value of oestrogen receptor for use of
tamoxifen as adjuvant therapy for 5 years. ER, oestrogen receptor;
SD, standard deviation; RPV, relative predicted value. Modified from
[5] with permission.

because of treatment). Weak factor-positive patients
who are treated have a relative risk for recurrence of
0.8, compared with those who are not treated. There-
fore, the relative predictive value (RPV) for this factor is
0.2/0.1=2. Using the example of a moderately strong
predictive factor, positive patients benefit more from
treatment, with a RR of recurrence compared with
untreated patients of 0.75, whilst negative patients ben-
efit less from treatment (RR=0.92). The calculated
RPV for this factor in regards to this therapy is 0.25/
0.08 =3.125. Finally, in this example, a strong predictive
factor divides the population into those with a 40% or
greater proportional reduction if they are factor positive
(RR for recurrence for treated versus untreated =0.6)
and those factor-negative patients with a very low
chance of benefit (RR for recurrence=0.95). In this
case, the RPV=0.4/0.05=8. We have previously sug-
gested that predictive factors with RPV of 1-2 be con-
sidered weak, those with RPV of 2-4 be considered
moderate, and those with RPV of >4 be considered
strong [13]. For routine clinical purposes, we would
reject the former, accept the latter, and consider the use
of the middle group with hesitation.

Tumour ER content as a predictive factor for tamox-
ifen in the adjuvant setting is the best real-life example
in breast cancer, and perhaps in all of oncology.
Although it took nearly 20 years to compile, the Oxford
Overview now permits us to reasonably estimate the
relative strength of ER as a predictive marker for the
benefits from tamoxifen [5]. From Fig. 3, one can see
that the reduction of recurrence or mortality due to
adjuvant tamoxifen in ER-rich versus ER-poor patients
differs substantially. The risk reduction for recurrence in
tamoxifen-treated ER-poor patients compared with
untreated patients is 6% (SD11) (RR=0.94). In con-
trast, the relative risk reduction in ER-rich patients who
received 5 years of tamoxifen is 50% (SD4) or more
(RR=0.50). Therefore, we can estimate that the RPV of
ER for tamoxifen in this setting is 0.50/0.06 =8.3, and
we can safely conclude that ER is a very strong pre-
dictive factor.

In summary, YES — we do need new prognostic and
predictive factors for patients with newly diagnosed
breast cancer! However, as implied by Drs Thomssen,
Janicke, Kaufmann and Scharl, we do not need weak
ones, and we need to be able to estimate reliably the
strength of new factors from adequately generated
scientific evidence. LOE III studies are still important,
but they should be used to generate new hypotheses, not
to determine clinical utility. Once generated, these
hypotheses should be prospectively tested in well
designed clinical investigations. I congratulate Dr
Janicke and his colleagues in Germany for their vision-
ary prospective trial testing whether uPA and PAI-1 are
adequate to use for clinical decision making. The debate
regarding uPA and PAI-1 has been ongoing for nearly
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10 years. This LOE I trial should at least give the clin-
ician sufficient information to place the relative prog-
nostic strength of the markers in the context of toxicities
of therapy, individual patient wishes, and societal prio-
rities. We need this type of study so that we can make
intelligent clinical decisions to help our patients as they
face this terrible disease.
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