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Abstract. In the medical literature there are frequently conflicting reports on the
utility of biological tumour markers available in the clinical management of breast
cancer. In this review we analyse current information on the relationships between
the most widely investigated breast cancer biological markers including oestrogen
and progesterone receptors, p53, Bcl-2, c-erbB-2, cyclin expression, proliferative
activity, DNA ploidy and the urokinase plasminogen activation system, as well as
their relevance to prognosis and response to clinical treatment. By biological
prognostic indicator, we mean a marker that correlates with survival and disease-
free survival; the term predictor marker indicates a marker that is capable of
predicting tumour sensitivity or resistance to various therapies. Similarly to other
authors’ experiences, our analysis suggests that oestrogen receptors are weak
prognostic indicators and good predictors of response to endocrine therapy.
Furthermore, there are consistent data suggesting that proliferation indices are good
indicators of prognosis, and that they are directly related to response to
chemotherapy and closely related to response to hormonotherapy. On the contrary,
there is no evidence or conflicting data for all of the other biological markers. These
should be considered in the context of randomized trials in order to precisely define
their prognostic and predictive roles. p53 and c-erbB-2 seem to be the most
promising factors, but their use in routine practice still needs validation.

In the clinical management of breast cancer, the identification of prognostic indicators and
predictors of response to therapy may have an important impact on treatment decision
making and improve clinical outcome. However, although some clinicians have introduced a
number of laboratory-derived factors into their clinical decision-making process for entry
criteria, co-operative group trials clearly reflect a more cautious approach that is generally
based on classic tumour node metastasis (TNM) information and steroid hormone receptor
status in order to define eligibility and stratification subsets (Ravdin 1997). Various biological
variables have been investigated, but there is no general consensus as to their acceptability
for therapeutic management. For this reason, a decisional model for the clinical validation of
biological variables was proposed by Silvestrini (Fig. 1), and a tumour marker utility grading
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scale (TMUGS) was recently designed as a working document for organizing the results of
tumour marker studies (Hayes 1997). Bearing these recommendations in mind, we have
reviewed the value of tumour markers reflecting various biological features of breast cancer
that are currently being investigated in a clinical setting. This review cites published data
relating to p53 tumour suppressor gene, Bcl-2 apoptosis inhibitor, c-erbB-2 oncogene, cyclin
cell-cycle regulatory proteins, DNA ploidy, urokinase plasminogen activation system and
proliferation markers such as 3H-thymidine labelling index (TLI), S-phase fraction
determined by flow cytometry (FCM-S), and the Ki-67/MIB index. In particular, we have
analysed these variables as both indicators of prognosis and predictors of clinical response to
hormone and/or chemotherapy.

O E S T R O G E N A N D P R O G E S T E R O N E R E C E P T O R S

Multivariate analyses in studies involving node-negative breast cancer patients have shown
that oestrogen receptors (ER) and progesterone receptors (PgR) are not strong predictors of
prognosis (Fisher et al. 1988, Arriagada et al. 1992, Silvestrini et al. 1995). However, on the
basis of data deriving from meta-analysis, the American Society of Clinical Oncology suggests
that ER can be used to identify both pre and postmenopausal women most likely to benefit
from endocrine therapy (American Society of Clinical Oncology 1996).

A large number of reports have described improved disease-free or overall survival
following adjuvant tamoxifen treatment in postmenopausal women with ER-positive tumours
(Early Breast Cancer Trialists’ Collaborative Group 1988, 1992, Hilf et al. 1980, Fisher et al.
1983, Raemaekers et al. 1987). Various trials have also shown that pre-menopausal patients
with ER-positive tumours achieve a better clinical outcome after hormonal therapy, although
the advantage is less than that observed in the postmenopausal group (Early Breast Cancer
Trialists’ Collaborative Group 1988, Stewart 1992). However, two separate studies have
indicated that postmenopausal women receiving adjuvant tamoxifen treatment survive longer,
even if their oestrogen receptor status is negative or unknown (Early Breast Cancer Trialists’
Collaborative Group 1988, 1992, Breast Cancer Trials Committee 1987, Stewart 1992). Many
gaps still exist in understanding the mechanisms underlying oestrogen and progesterone
inhibition of breast cancer cell growth (King 1993). One of the major unresolved issues
concerns the reason as to why nearly 50% of ER-positive tumours fail to respond to
hormonal treatment, and why 10% of ER-negative patients are responsive to treatment with
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Figure 1. Decisional model for the clinical validation of biological markers. With the permission of
Rosella Silvestrini, Le Scienze 1994.
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anti-oestrogens (Hoskins & Weber 1994). Various hypotheses have been proposed in an
attempt to explain these discrepancies, such as presence of negative oestrogen receptor
subpopulations which escape hormonal therapy in positive receptor tumours, loss of
receptors during hormonotherapy, molecular modification of receptors, alterations in
postreceptorial events or alterations in drug metabolism (Murphy 1995).

A prospective study on patients with metastatic ER-positive breast cancer reported an
≈ 50% response rate to front-line endocrine therapy, but PgR can refine this estimate by
splitting ER positive patients into corresponding subsets with 40% (ER+, PgRµ) and 60%
(ER+, PgR+) response rates (Ravdin et al. 1992). On the contrary, patients who are both
ER and PgR negative show a less than 5% response rate to endocrine therapy (Ravdin
1997).

The relationship between ER or PgR levels and response to cytotoxic chemotherapy has
been less intensively analysed in retrospective studies (Raemaekers et al. 1987, Hilf et al.
1980). In a recent adjuvant trial of CMF chemotherapy vs. ovarian ablation, pre-menopausal
women with ER negative tumours showed a better clinical outcome after chemotherapy,
whereas those with ER positive tumours responded better to ovarian ablation (Scottish
Cancer Trials Breast Group & ICRF Breast Unit, Guy’s London 1993). There are many
retrospective studies showing the value of ER and PgR as predictors in an adjuvant setting.
In particular, steroid receptor positivity seems to be an indicator of response to hormone
therapy in mainly post menopausal women, whereas the lack of steroid receptors is only a
weak predictor of response.

p 5 3

Alterations in the p53 gene are the most common genetic changes found in human malignan-
cies, including breast cancer. The function of p53 nuclear phosphoprotein is not fully
understood, but there is evidence to suggest that it plays the part of a tumour suppressor
gene by controlling transcription, cell cycle and apoptosis. In particular, p53 molecular
mutations lead to an increase in p53 gene protein expression that is detectable immunohis-
tochemically. Large retrospective studies on breast cancer patients with (N+) or without
(Nµ) lymph node involvement have shown that p53 overexpression is often (Thor et al. 1992,
Borg et al. 1995, Silvestrini et al. 1996a, Fresno et al. 1997), but not always (Lipponen et al.
1993, Schimmelpenning et al. 1994), an independent marker of poor prognosis. Moreover,
there is also recent evidence from a study on node-negative breast cancer patients with a
minimum follow-up of 10 years, that p53 expression has no prognostic value whatsoever
(Bianchi et al. 1997).

There are two retrospective studies concerning p53 and response to radiotherapy. Jansson
et al. found a better clinical outcome in irradiated node-negative breast cancer patients with
p53 mutations, and suggested that irradiation can induce cell death regardless of the
presence of p53 alterations (Jansson et al. 1995). This finding was confirmed by Silvestrini et
al. who found a benefit from radiation therapy in preventing local breast cancer relapse in
node-negative patients with high levels of p53 expression (Silvestrini et al. 1997a).

Experimental data have shown that cells containing the wild-type p53 gene undergo death
by apoptosis after treatment with anticancer drugs (5-fluorouracil, etoposide and adriamycin)
and ionizing radiation, whereas those lacking wild-type p53 show resistance. These observa-
tions suggest that p53 mutation may be one of the factors responsible for drug resistance in
cancer patients (Lowe et al. 1993). However, the results from in vivo studies on the relation-
ship between p53 status and chemosensitivity to clinical treatment are still contradictory.
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Formenti et al. reported a correlation between high p53 expression and low responsiveness
to neoadjuvant 5-fluorouracil chemotherapy plus radiotherapy (Formenti et al. 1996).
However, another neoadjuvant trial using mitoxantrone, methotrexate and tamoxifen did not
highlight any relationship (Makris et al. 1997). In an adjuvant setting, Stal et al. suggest that
pre-menopausal breast cancer patients with lymph node metastases benefit more from CMF
chemotherapy than postoperative radiotherapy if the primary tumour has abnormal p53
accumulation (Stal et al. 1995). This could mean that p53-dependent apoptosis is not the
only, and perhaps not the major mechanism of response to CMF. It has also been shown that
specific p53 gene mutations correlate with primary resistance to doxorubicin and early
relapse (Aas et al. 1996).

A recent pilot study showed that postmenopausal women with node-positive ER+ breast
cancers treated with radical or conservative surgery plus radiotherapy, followed by adjuvant
tamoxifen, had a significantly lower relapse-free and distant metastases-free survival rate
after 5 years of follow-up if their tumours overexpressed p53 (Silvestrini et al. 1996b). Other
authors did not find any relationship between p53 expression and response to tamoxifen
therapy in ER-positive metastatic breast carcinoma (Elledge et al. 1997), or to tamoxifen,
zoladex, zoladex plus tamoxifen or megestrol acetate in patients with locally advanced or
metastatic breast cancer (Archer et al. 1995).

B c l - 2

The Bcl-2 oncogene is a member of a family of genes involved in the regulation of cell death
as it inhibits apoptosis, and has been found to be frequently overexpressed in breast
cancer.

In two retrospective studies, univariate analysis revealed that Bcl-2 expression is associated
with favourable clinicopathological parameters, and that it is a favourable prognostic
indicator in node-negative and node-positive breast cancers (Sivestrini et al. 1994, Joensuu,
Pylkanen & Toikkanen 1994).

Moreover, experimental in vitro studies have shown that the expression of Bcl-2 leads to
cell death resistance following treatment with a variety of cytotoxic agents (Walton et al.
1993). This evidence is confirmed by the results of a study in which oestrogens were found
to be capable of inducing resistance to anticancer agents in ER+ breast cancer cell lines
through a mechanism regulating Bcl-2 expression (Teixeira, Reed & Pratt 1995). On the
contrary, a clinical study by Gasparini et al. reported that women with node-positive cancer
and high Bcl-2 levels had a more favourable outcome when treated with adjuvant
chemotherapy (CMF) and/or hormone therapy (tamoxifen) than those with node-positive
and Bcl-2 negative tumours (Gasparini et al. 1995). These results suggest that Bcl-2 protein
expression and number of metastatic lymph nodes are independent predictors of clinical
response to chemotherapy and hormonotherapy. Silvestrini et al. reported a significantly
lower relapse-free and distant metastasis-free survival at 5 years in tamoxifen-treated node-
positive patients with weak or absent Bcl-2 expression than in those with tumours whose level
of Bcl-2 expression was high. However, in this study, Bcl-2 did not provide any further
prognostic information to that obtained from tumour size, axillary node involvement, steroid
receptors, or 3H-thymidine labelling index (Silvestrini et al. 1996b). On the contrary, Van
Slooten et al. reported that the outcome of premenopausal node-negative breast cancer
patients with a moderate to high expression of Bcl-2 treated with one cycle of pre-operative
CMF does not seem to be improve (Van Slooten et al. 1996). More recently, Silvestrini et al.
reported a greater benefit from radiation therapy in preventing local breast cancer relapse in
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node-negative patients with tumours that express little or no Bcl-2 protein than in those with
Bcl-2 positive tumours (Silvestrini et al. 1997a).

C - e r b B - 2

HER-2/neu, the protein produced by the c-erbB-2 oncogene, is a transmembrane tyrosine
kinase which is a receptor for a family of peptide ligands thought to stimulate cell growth. In
breast cancer, retrospective studies have shown that overexpression of this gene is associated
with a poorer prognosis in patients with positive axillary nodes (Toikkanen et al. 1992), but
its prognostic role as an independent marker in node-negative patients appears to be contro-
versial (Lovekin et al. 1991, Kallioniemi et al. 1991, Bianchi et al. 1993, Press et al. 1994).

There is growing evidence that c-erbB-2 expression is an important predictor of resistance
to tamoxifen in node-negative (Carlomagno et al. 1996) and metastatic patients (Leitzel et al.
1995). A possible explanation for this finding comes from experimental data showing cross-
regulation between c-erbB-2 and oestrogen receptors (Lupu & Lippman 1993).

Conflicting data have been reported concerning the correlation between c-erbB-2 expres-
sion and adjuvant chemotherapy. In a randomized Cancer and Leukaemia Group B study
comparing three different doses of adjuvant fluorouracil, doxorubicin and cyclophosphamide
(FAC), it was found that, unlike DNA ploidy, S-phase fraction and p53 accumulation, the
overexpression of c-erbB-2 was associated with a better disease-free survival (DFS) and
overall survival (OS) in patients receiving higher-dose chemotherapy. This suggests that
response to FAC is dose-related only for patients with c-erbB-2 overexpressing tumours
(Muss et al. 1994). On the other hand, two large randomized adjuvant trials (Gusterson et al.
1992, Allred et al. 1992) found that c-erbB-2 overexpression was associated with resistance to
CMF-based regimens. The Ludwig Breast Cancer Study Group trial compared one cycle of
peri-operative CMF (short therapy) with six cycles of postoperative CMFp (cyclophospha-
mide, methotrexate, fluorouracil and prednisone) with or without one cycle of pre-operative
CMF (long therapy) in node-positive patients, and found that the c-erbB-2-negative patients
receiving the long therapy had a significantly better DFS and OS. There was no difference
between the two treatment arms in c-erbB-2-positive patients (Gusterson et al. 1992).
Similarly, in a study of high-risk node-negative patients (tumour size > 3 cm and ER
negative), Allred et al. reported better survival after CMFp treatment only in c-erbB-
2-negative patients, whereas there was no difference between treated and untreated c-erbB-
2-positive patients (Allred et al. 1992).

C Y C L I N S

The deregulation of cell cycle control is one of the most evident alterations in tumour
growth. The transition from one phase of the cell cycle to the next (G1 to S, S to G2, G2 to
mitosis) is normally regulated by members of a family of proteins known as cyclins, whose
concentration rises and falls during the cell cycle. An aberration in cyclin D1 protein may
cause the loss of the G1-S phase control check point and thus induce abnormal cell prolifera-
tive activity which contributes to genomic instability during breast tumour development
(Zhou et al. 1996). Immunohistochemical studies have found that the percentage of tumours
overexpressing this protein ranges from 30% to 73% (Gillet et al. 1994, Michalides et al.
1996). Neither the relation between cyclin D1 expression and other biological characteristics,
nor its prognostic significance, have been adequately investigated and defined (McIntosh et
al. 1995, Gillet et al. 1996).
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Cyclin E is a protein related to the G1/S phase transition and may consequently be a
potentially deregulated molecule in tumours. It has recently been observed that it is overex-
pressed in breast cancer, and significantly correlates with an increased risk of death and
relapse (Nielsen et al. 1996). Cyclin D1 overexpression has been associated with a better
clinical outcome in node positive breast cancer patients treated with adjuvant hormonal
treatment than in those treated with chemotherapy (Pelosio et al. 1996).

P R O L I F E R A T I V E A C T I V I T Y M A R K E R S

In breast cancer, tumour proliferative activity expressed as 3H-thymidine labelling index
(TLI), flow cytometric S-phase fraction (FCM-S) and Ki-67/MIB index, is a potential
prognostic factor. Highly proliferative tumours are generally associated with shorter disease-
free and overall survival. Besides its prognostic relevance, the proliferative rate of tumour
cells can also provide information on the response to clinical treatment, as has emerged from
the analysis of retrospective and prospective clinical studies.

3H-Thymidine labelling index
One direct way of measuring cell proliferation rate is to evaluate the incorporation of
tritiated thymidine in DNA. Autoradiography is then used to assess the percentage of tumour
nuclei that are in active nucleic acid synthesis.

A recent study on a series of 3800 node negative breast cancer patients identified TLI as
an important prognostic factor by revealing that rapid cell proliferation is associated with a
high risk of locoregional relapse and the development of distant metastases regardless of
tumour size and oestrogen receptor status (Silvestrini et al. 1997b).

In terms of predictability of clinical response in early and advanced disease, it has been
shown that the benefit of hormonotherapy is greater in patients with a low TLI, a result that
has been observed in postmenopausal node-positive patients treated with hormonal adjuvant
therapy (Silvestrini et al. 1993a) as well as in postmenopausal ER+ patients with advanced
disease (Paradiso et al. 1990).

As far as cytotoxic treatment is concerned, retrospective analyses have shown that TLI in
locally advanced breast cancer patients is not related to response to primary chemotherapy
with doxorubicine and vincristine, and the proliferative index thus emerges as an indicator of
long-term clinical outcome (Silvestrini et al. 1987).

A higher objective response rate has been observed in highly proliferating locally advanced
breast cancer treated with chemotherapy including antimetabolites (FAC or CMF) (Gardin
et al. 1994), and in metastatic breast carcinomas treated with FAC¹vincristine (Sulkes,
Livingston & Murphy 1979).

In an adjuvant setting, rapid cell proliferation is associated with a high risk of relapse
and/or death in patients with node-positive resectable tumours treated with CMF¹adria-
mycin (Silvestrini et al. 1990).

Furthermore, Gardin et al. reported that patients who still had high TLI tumours after
neoadjuvant FAC-chemotherapy (FAC) were more likely to benefit from subsequent
adjuvant chemotherapy (FAC and CMF) (Gardin et al. 1994).

A recent prospective study on metastatic breast cancer patients treated with FEC
(5-fluorouracil, epirubicin and cyclophosphamide) or CMF as front-line therapy showed that
the objective clinical response rate was significantly higher in patients with rapidly prolifera-
ting than in those with slowly proliferating primary tumours, but this was only true when
chemotherapy was not preceded by hormonal treatment. This finding suggests that TLI

118 A. Ravaioli et al.

©1998 Blackwell Science Ltd, Cell Proliferation, 31, 113–126.



represents a consistent indicator of response to chemotherapy over time, and that hormono-
therapy may alter the proliferative activity of tumours and, consequently, their chemosensi-
tivity (Amadori et al. 1997).

FCM-S-phase fraction
A widely used means of assessing tumour proliferation is the evaluation of S-phase cell
fraction from flow cytometric DNA histograms. In a recent retrospective study, it was found
that the S-phase fraction is directly related to tumour size, and inversely related to steroid
hormone receptor status (Dettmar et al. 1997). However, although this variable is an
indicator of DFS and OS, the power of the positive correlation with prognosis has still to be
confirmed because of retrospective nature of analyses (Bosari et al. 1992, Merkel et al. 1993,
Balslev et al. 1994, Witzig et al. 1994, Pfisterer et al. 1995, Dettmar et al. 1997, Bergers et al.
1997).

The predictive value of FCM-S in cytotoxic treatment has also been investigated. In the
case of anthracycline-neoadjuvant therapies and front-line FEC chemotherapy, tumours with
a high FCM-S respond better than those with a low FCM-S (O’Reilly et al. 1992, Remvikos
et al. 1993, Hietanen et al. 1995). However, in two prospective randomized trials of adjuvant
therapy with cyclophosphamide, fluorouracil and prednisone (CFP)¹tamoxifen, univariate
analysis showed that relapse-free survival (RFS) and overall survival (OS) were better in
patients with a low FCM-S (Witzig et al. 1993), thus demonstrating that a high FCM-S is not
a long-term predictor of response to chemotherapy.

Ferno et al. described the correlation between FCM-S and response to adjuvant endocrine
therapy, reporting a higher benefit from tamoxifen for patients with PgR positive and high
S-phase tumours than for those with PgR-positive and low FCM-S tumours (Ferno et al.
1995).

Ki-67/MIB index
Ki-67 and MIB1 monoclonal antibodies react with different epitopes of the nuclear Ki-67
antigen (Weidner et al. 1994). This marker is expressed during all cell cycle phases apart
from the quiescent phase (G0), and is regarded as a marker of active cell proliferation. MIB1
is a murine monoclonal antibody prepared against epitopes of recombinant Ki-67 antigen.
Unlike conventional Ki-67 antibodies, it recognizes the antigen in formalin-fixed, paraffin-
embedded tissue sections (Cuevas et al. 1993).

In two recent studies, a high cell kinetic activity evaluated by means of the Ki-67
monoclonal antibody was found to be an effective indicator of poor prognosis in node-
negative breast cancer patients (Pierga et al. 1996, Railo et al. 1997). Furthermore, Ki-67
staining has been reported to be an independent prognostic indicator when compared with
tumour size, nodal status and steroid receptor expression (Bouzubar 1989), although a recent
study found that Ki-67, evaluated by means of MIB1 monoclonal antibody, loses its signifi-
cant prognostic value after multivariate analysis (Dettmar et al. 1997).

The relationship between the Ki-67 index and response to chemotherapy is difficult to
define because it has only been studied in a small series of patients. In a prospective study
of neoadjuvant chemoendocrine therapy with mitoxantrone, methotrexate (¹mitomycin C)
and tamoxifen, tumours with high Ki-67 levels responded better to chemotherapy, whereas
slowly proliferating tumours responded better to endocrine treatment (Makris et al. 1997). In
advanced breast carcinoma patients, response rate to first line chemotherapy (including
CMF, FEC, cisplatin and etoposide, vinorelbine, and carboplatin with 5-fluorouracil and
folinic acid) was also significantly higher in those with rapidly proliferating tumours, than in
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those with a low Ki-67 index; however, this difference did not lead to a statistically significant
improvement in overall survival (Bonetti et al. 1996).

DNA ploidy
Flow cytometric evaluation of DNA ploidy provides information concerning the presence or
absence of abnormal DNA content as well as the extent of alteration. The frequency of
aneuploid breast tumours ranges from 56% to 75% in different studies. There are numerous
reports addressing the potential usefulness of DNA flow cytometry-based information in
defining prognostically distinct populations of node-negative patients (Early Breast Cancer
Trialists’ Collaborative Group 1992). These studies do not strongly support the importance of
ploidy as a prognostic variable as only a few authors have found it to be an independent
indicator of survival (Clark et al. 1989, Silvestrini et al. 1993b, Duffy et al. 1996).

Contradictory results have been reported concerning the correlation between ploidy and
clinical treatment response. When ploidy was analysed as a response predictor, no significant
differences in overall survival or response rates were observed in metastatic breast cancer
patients receiving FEC chemotherapy (Hietanen et al. 1979), patients given neoadjuvant
chemo-endocrine therapy with mitoxantrone, methotrexate (¹mitomycin C) and tamoxifen
(Makris et al. 1997), or node-positive patients receiving adjuvant chemo-endocrine therapy
(CFP¹tamoxifen) (Witzig et al. 1993). Furthermore, a pilot study conducted by O’Reilly
failed to detect a significantly higher response rate of aneuploid with respect to diploid
tumours to pre-operative anthracycline-based chemotherapy (O’Reilly et al. 1992).

Urokinase plasminogen activation system
Cancer cell invasion is accomplished by means of the concerted action of a number of
extracellular proteolytic enzyme systems, one of which is the urokinase plasminogen activa-
tion system. This complex consists of the urokinase plasminogen activator (uPA), its receptor
(u-PAr), its main type 1 (PAI-1) and type 2 (PAI-2) inhibitors, all of which would appear to
be of prognostic value in breast cancer.

In particular, high uPA levels have been found to be predictors of tumour aggressiveness
(Duffy et al. 1996) and poor prognosis from multivariate analysis of a subgroup of patients
not treated with adjuvant therapy (Ferno et al. 1996). Univariate analysis has likewise shown
that high levels of u-PAr are significantly associated with a shorter overall survival, although
no statistically significant differences have been found in terms of relapse-free survival
(Grondahl-Hansen et al. 1995). In postmenopausal patients, Grondahl-Hansen et al. more
recently observed that a high PAI-1 level is an independent prognostic variable predicting
short overall survival, and that high uPA levels predict short recurrence-free survival
(Grondahl-Hansen et al. 1997). PAI-2 levels were not found to be significantly associated
with prognosis in a population of more than one thousand breast cancer patients; however,
selected patients with high uPA and PAI-2 levels showed prolonged relapse-free survival,
metastasis-free survival, and overall survival (Foekens et al. 1995a). This finding was
confirmed in another study, which showed that high PAI-2 levels correlate with a good
prognosis in patients with node-positive or ER-negative tumours, as well as in those with
high uPA levels (Duggan et al. 1997).

One pilot study described possible associations between uPA or PAI-1 expression and the
efficacy of tamoxifen treatment; the authors reported that the level of uPA would seem to be
capable of predicting the response of metastatic disease (Foekens et al. 1995b). A recent
paper (Kosaka & Sumiyoshi 1995) has suggested that 5p-deoxy-5-fluorouridine modifies the
degree of malignancy and metastatic activity of breast cancer by inducing fluctuations in the
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plasminogen activator system. Another study has shown that PAI-1 is not a predictive marker
of response to FAC or FEC neoadjuvant chemotherapy, and that its levels are not altered by
these regimens (Pierga et al. 1997).

C O N C L U S I O N

Breast cancer biological markers can be divided into prognostic factors and predictors of
response to locoregional or systemic chemo and/or hormonotherapy. The acceptance or
rejection of a tumour marker for clinical purposes depends on whether it can be considered
a reliable means upon which to base therapeutic decisions. The clinical guidelines adopted by
the American Society of Clinical Oncology for the validation of tumour markers in breast
cancer is based on a modification of the scale developed by the Canadian Task Force on
Periodic Health Examination, which identifies different levels of evidence for the clinical use
of biological variables (Table 1).

According to such criteria and on the basis of available information, we tried to classify the
most widely investigated markers at different levels for clinical utilization (Table 2).

Table 1. Levels of evidence for the clinical utilization of biological variables

LEVEL I derived from meta-analysis or high-power controlled studies in which the primary
objective of the trial design was to test the utility of the marker.

LEVEL II derived from prospective clinical trials designed to test a therapeutic hypothesis in
which tumour marker evaluation was a secondary, but prospectively described
objective.

LEVEL III derived from retrospective studies that are characterized by their large size and/or the
inclusion of multivariate analyses.

LEVEL IV considered less reliable than level III evidence, because the study was smaller or no
multivariate analysis was provided.

LEVEL V derived from studies that were small, retrospective, and not designed to correlate the
marker with clinical outcome.

From the Canadian Task Force on Periodic Health Examination, with modifications (ASCO, J. Clin.
Oncol. 1996).

Table 2. Prognostic value and predictivity of response to clinical treatment of biological markers

Predictivity of response
Level of
evidence Prognosis Chemotherapy Hormonotherapy

Hormonal receptors I/II + *+ +++
L.I. II/II +++ ++ ++
p53 II/III ++ ¹ ¹
C-erbB-2 II/III + ++ ++
S-phase fraction II/III ¹ ¹ ¹
DNA ploidy II/III ¹ ¹ ¹
Bcl-2 III/IV + + ++
Ki-67/MIB1 III/IV ++ ¹ ¹
Urokinase plasminogen system activator III/IV ++ ¹ +
Cyclins aIII ¹ ¹ +

*Studies with level IV evidence; – absence of indication; ¹ lack of a general consensus; + weak
indicator; ++ good indicator; +++ strong indicator.
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Oestrogen and progesterone receptor levels fall within categories I and II. ER and PgR
values should be examined in both pre and postmenopausal patients, and this information
can be used to identify those who are most likely to benefit from adjuvant hormone therapy.
However, there is insufficient data to support the use of oestrogen and progesterone
receptors to predict the favourable impact of adjuvant cytotoxic chemotherapy because to
date only level IV evidence studies have directly addressed this question. Evidence at levels
II and III suggests that TLI has a predictive power which is suitable for the clinical manage-
ment of breast cancer, and p53 expression is considered to be a prognostic indicator in this
disease. Although there are several lines of evidence suggesting that c-erbB-2 may be a
predictor of treatment response, the need for a more aggressive approach with anthracycline-
based chemotherapy in node positive c-erbB-2 positive patients is not supported by adequate
data for its use outside research protocols. Likewise, there is still not sufficient evidence to
recommend the use of FCM-S determinations in assigning patients to different prognostic
groups in the standard setting. DNA flow cytometry-derived ploidy is also not advisable.
Moreover, these flow cytometry parameters should not be used to select the type of adjuvant
therapy to be given or, only in the case of DNA ploidy, to select which treatment options
should be used in metastatic disease.

It must be pointed out that studies of other biological variables (including Bcl-2 expression,
Ki-67/MIB index, the plasminogen activator system and cyclins) have an evidence level of less
than III, since the information has been derived from retrospective analyses on small size
series of patients, and different cut-off points have been used for the definition of high and
low risk patients. Methodological standardization and large confirmatory studies with
sufficient statistical power are needed for these last markers in order to verify their real
clinical value.
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