
[CANCER RESEARCH 51. 3296-3303. June 15. 1991)

Prognostic Significance of c-erbB-2 and Estrogen Receptor Status in Human Breast
Cancer1

Amanda H. McCann, Peter A. Dervan, Myra O'Regan, Mary B. Codd, William J. Gullick, Brendan M. J. Tobin,
and Desmond N. Carney2

Departments of Medical Oncology Â¡A.H. M., D. N. C.], Pathology Â¡P.A. D., B. M. J. T.], and Epidemiology [M. B. C.], Mater Misericordias Hospital, Eccles Street,Dublin 7, and L'niversity College, and Department of Statistics, Trinity College [M. O'R.], Dublin, Ireland; and imperial Cancer Research Fund, Oncology Group,
Hammersmith Hospital, Du Cane Road, London, H'I2 OHS, England fH. J. G.]

ABSTRACT

Using the 21N polyclonal antibody, we Â¡mmunohistochemicallystained
314 primary breast carcinomas to identify those tumors overexpressing
the c-erbB-2 oncoprotein and to ascertain the prognostic significance of
this expression on disease-free and overall survival. Positive membrane
staining was present in 52 (17%) of these carcinomas of which 7 (13%)
were ductal carcinomas in situ. There was no significant relationship
between c-erbB-2 positivity and (a) age at diagnosis, (/>) menopausa!
status, (c) tumor size, (d) lymph node status, (e) estrogen receptor status,
or (/) whether or not the patient had disseminated disease outside the
axillary fields. However, c-erÃ©A-2-positivetumors were significantly
associated with poorer grade (/' = 0.02). Patients who were positive for
this oncoprotein had a shorter disease-free survival (P = 0.002) and
reduced overall survival (P = 0.0001). Overexpression of this oncoprotein
was predictive of a worse prognosis in lymph node-positive disease (/' =
0.003) and in patients presenting with grade II tumors (/' = 0.001).

Stratifying the patients on the basis of estrogen receptor status suggested
that c-erefi-2+/estrogen receptor-negative status was predictive of a
poorer prognosis when compared with the other subgroups (/' < 0.001).

Primary and recurrent tumor tissues were available from 42 of the 314
patients. Identical patterns of c-erbB-2 expression occurred in 95% of
cases, arguing against a direct role for c-erbB-2 expression in the process
of tumor dissemination. The high incidence of staining in ductal carci
nomas /;; \itit suggests that expression of this oncoprotein is an early
event in tumorigenesis. Finally, multivariate analysis indicated that the
c-erbB-2 oncoprotein was an independent prognostic indicator for overall
survival in breast carcinoma patients.

INTRODUCTION

The c-erbB-2 gene is located on chromosome 17 at q21 (1,
2) and specifies a transmembrane receptor-like phosphoglyco-
protein that is closely related in structure but is still biologically
distinct from the epidermal growth factor receptor (c-erbB-l)
(3-5). This gene was first discovered as a transforming onco
gene in a series of ethylnitrosourea-induced rat neuroblastomas
where it was called neu (6). A mutation resulting in a single
base change (adenine-thymidine) in the membrane-spanning
domain of the c-erbB-2 protein has been described as one
possible mechanism by which the c-erbB-2 gene gains trans
forming ability (7, 8).

A subsequent study showed that a 5-10-fold increase in
expression of the normal human c-erbB-2 protein leads to
transformation and tumorigenesis of NIH3T3 cells (9, 10). The
fact that overexpression rather than a genetic aberration of the
gene could be transforming, coupled with the fact that this gene
had been found to be overexpressed in primary breast carcino
mas (11, 12), supported the view that increased expression of
this gene could have significance for the pathogenesis of breast
disease ( 13).
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Slamon et al. (14), using Southern blot analysis, have re
ported that c-erbB-2 gene amplification predicted for a poorer
prognosis in lymph node-positive disease. Subsequently, Venter
et al. (11) showed that gene amplification correlated with ov
erexpression of the gene at the protein level. Data from several
subsequent immunohistochemical studies showed no significant
correlation between c-erbB-2 expression and disease-free inter
val or survival; however, all three papers reported a trend of
worse prognoses for c-erbB-2 (15-17). More recently, however,
results from Western blot (18) and immunohistochemical stud
ies (19) showed that this oncoprotein was a valuable prognostic
indicator for patients with primary breast cancer, confirming
the original DNA amplification study (14) and a recent, more
extended series by the same authors (20). The discrepancy in
results obtained may be attributed to the variable numbers of
patients examined in each study and to different methodologies.

The purpose of this study was first to investigate the prog
nostic significance of overexpression of the c-erbB-2 oncopro
tein on DF3 survival and overall survival in primary breast
cancer using an immunohistochemical assay and a c-erbB-2
affinity-purified antiserum 21N (21); second, to assess whether
c-erbB-2 oncoprotein expression identified subsets of patients

with a poorer prognosis when stratified on the basis of their
LN status, ER status, and grade of tumor; and finally, using
multivariate analysis, to ascertain whether determining c-erbB-
2 oncoprotein expression contributed any additional prognostic
information, either as (a) an independent variable or (b) as a
combined variable with ER status, to a DF and overall model
which included LN status, grade of tumor, presence and extent
of disseminated disease outside the axillae, tumor size, ER
status, menopausal status, and age at diagnosis.

PATIENTS AND METHODS

Patients. This study was conducted on data from 314 patients who
presented with primary breast cancer to the Mater Misericordiae Hos
pital over a 7-year period (1979-1986). The median age at diagnosis
was 54 years (range, 23-82 years). Treatment for the primary tumors
was: (a) simple mastectomy (n = 182); (b) segmental mastectomy with
local radiation (n = 114); and (c) needle biopsy with local radiation due
to the inoperability of the locally advanced lesion (n = 18). With the
exception of 9 simple mastectomy, 43 segmental mastectomy, and 18
needle-biopsied patients, axillary node sampling was carried out in all
cases. Systemic treatment following local therapy was: (a) none (n =
193); (b) adjuvant cyclophosphamide-methotrexate-5-fluorouracil
chemotherapy (n = 21); (c) adjuvant chemotherapy with hormonal
treatment in the form of tamoxifen Â±ovary oblation (n = 25); and (d)
hormonal treatment alone (n = 75). The treatment protocols that the
patients received were based on age at diagnosis, LN status, extent of
disease outside the axillary fields, and hormonal status of the primary
tumors (based on dextran-coated charcoal cytosolic assays when avail-

â€¢'The abbreviations used are: DF. disease-free; ER, estrogen receptor; LN,

lymph node; EGFR. epidermal growth factor receptor; DCIS. ductal carcinoma(s)
in situ: ER+, ER-positive; ERâ€”,ER-negative; c-erbB-2+, c-frÃ´fi-2-positive; c-
erhB-2â€”,c-frÃ´fi-2-negative; LN+, LN-positive; LNâ€”,LN-negative.
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able). Demographic data recorded from medical records included age
at diagnosis, marital status, details of menstrual history, and family
history. The extent of disease at initial presentation, lymph node
involvement, presence of metastatic disease outside the axillae, and
subsequent disease outcome were also recorded. For patients from
whom no lymph node samples were taken, a note was made as to
whether they presented with any clinical adenopathy.

Follow-up information was available through respective outpatient
department visits. Where follow-up was missing and vital status was
unknown, the patient's own family doctor was contacted for details.

Seven patients were lost to follow-up. Patients were followed up for a
median of 4 years (range, 0.2-9.5 years). Patients who died of causes
other than breast cancer (n = 11) were treated as censored observations
at the time of death. Patients who presented with a DCIS (n = 11) were
excluded from the survival analysis, leaving a total of 296 patients in
the study. Pathological records were reviewed for histolÃ³gica!type and
tumor size. All tumors were graded according to the criteria of Bloom
and Richardson (22). Ductal carcinomas in situ were histologically
categorized as comedo type, cribriform, or micropapillary.

Immunohistochemistry. The immunohistochemical assay for the c-
erbB-2 oncoprotein was carried out on S-^im paraffin-embedded for
malin-fixed sections using the 21N affinity-purified antibody (21) and
an avidin-biotin immunoperoxidase technique (23). Briefly, the sections
were dewaxed, put through successive alcohol washes, rehydrated, and
washed in phosphate-buffered saline. Endogenous peroxidase and non
specific binding were blocked by sequential incubation of the sections
in 3% (w/v) hydrogen peroxide solution followed by incubation Â¡n
normal serum. A 1:200 (1.9 Mg/ml) dilution of the primary antibody
was applied to each section. This concentration was found to be
optimum for detection of high levels of c-erbB-2 protein expression
from a previous study (24). Following incubation of the sections with
the second biotinylated antibody and the avidin-biotin complex reagent
(Vector Laboratories), the peroxidase reaction was developed using
diaminobenzidine. The sections were counterstained with 0.3% w/v
methyl green and mounted. Positive and negative controls were run
with each batch as previously described (24). Following staining the
tissue specimens were examined by two independent observers without
prior knowledge of the clinical outcome of the patients. Only tumors
exhibiting definite membrane staining were considered positive for the
c-erbB-2 oncoprotein.

ER status was carried out on the paraffin-embedded sections using
the Abbott ER-ICA monoclonal kit and a previously described DNase-
enhanced immunohistochemical technique (25). There have been re
ports as to the lack of sensitivity of this technique when compared to
ER-ICA analysis on frozen cryostat sections (26, 27). To date we have

examined cryostat sections from 88 frozen breast carcinomas and
compared the ER staining to the same tissue routinely fixed in 10%
formalin and embedded in paraffin wax. Of 54 positively staining frozen
sections, 32 (60%) were positive on paraffin-embedded material. Of 34
negatively staining frozen sections, 32 (94%) were negative on paraffin
sections. This gave an overall comparability of 73% staining between
the frozen and paraffin-embedded material. This value, although not as
high as the original published technique (25). is considerably better
than results obtained from a similarly conducted study where there was
only 25% comparability for ER + tumors (26). Our percentage of
comparability could be due to the fact that we used the same source,
batch number, and units of activity/ml of DNase for the entire study,
factors which have been suggested to affect the consistency of the
immunohistochemical technique (28).

Statistical Analysis. The association of c-erbB-2 membrane staining
with other clinicopathological factors was assessed using the x2 test.
Actuarial curves for overall survival were calculated using the Kaplan-
Meier technique (29). Statistical differences between survival curves
were calculated by means of the log-rank test (30). Cox's proportional

hazard model (31) was carried out to investigate in a univariate manner
the relationship between the variables listed in Table 1 and the two
dependent variables DF survival and overall survival time.

In order to ascertain the independent prognostic value of c-erbB-2
oncoprotein expression, controlling for the other variables listed in

Table 1, multivariate analysis was conducted using Cox's model (31).

In addition, it was of interest to investigate whether the combination
of c-erbB-2 oncoprotein expression and ER status gave any additional
prognostic information for these patients. To address this point multi
variate analysis was conducted on the 8 variables as before (Table 1)
but with the addition of the interaction of c-erbB-2 membrane-staining
and ER status. The ÃŸregression coefficients presented for the univariate
and multivariate analyses indicate the relationship between the variable
and DF or overall survival. A positive coefficient denotes an increased
risk of death with increased value of variable as coded in Table 1; a
negative coefficient denotes the opposite effect. All analysis was con
ducted using the BMDP2L statistical package (32). Finally, due to the
varying surgical and treatment modalities it was not possible to include
treatment as a covariate in any of the analyses.

RESULTS

c-erbB-2 Expression in Primary Breast Tumors. Of the 314

primary breast carcinomas immunohistochemically stained for
the c-erbB-2 oncoprotein, 52 (17%) had an intense brown
granular staining predominantly located at the cell membrane,
with some cells showing a weak cytoplasmic staining pattern
(Fig. 1). In the majority of the positively staining tumors there
was marked heterogeneity of expression, with positively stain
ing areas adjacent to regions that were clearly negative (Fig. 1).
Overexpression was evident in all histolÃ³gica! types of tumor
with the exception of tubular carcinomas (n = 3) (Table 2). Of
11 noninvasive or DCIS identified, 7 (64%) were positive for
the c-erbB-2 oncoprotein, and all were of the comedo type
subclassification. This contrasts with the lower frequencies of
positive membrane staining in invasive/infiltrating breast car
cinomas (Table 2). The staining pattern of the DCIS was
confined to the basal layers of the duct, with little or no staining
at the luminal surface (Fig. 2). Of 43 lobular carcinomas inves
tigated, 2 (5%) showed positivity for the c-erbB-2 oncoprotein
(Fig. 3), and both were of the classical type subclassification. In
all of the 12 positively staining tumors categorized as infiltrat
ing ductal with an in situ component, the c-erbB-2 membrane
staining was present in both contributing histologies (Table 2).

c-erbB-2 Expression in Primary and Recurrent Tissues. Of 42
patients in whom the primary and recurrent tissues were avail
able, 95% (n = 40) had comparable staining patterns ofc-erbB-

Table 1 Variables included in the Cox proportional hazards model analyses with
their respective scores

VariableLymph

nodestatusGradec-erbB-2

statusDisseminated

disease outside theaxillaeTumor

size (cm)GroupingsLN-LN+III

IIIPositive

NegativeYes

No0<2

2-5
>5Scores011

31

0012

3

Age at diagnosis

Menopausa! status

Estrogen receptor status

Continuous

Pre
Post

Positive
Negative
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Fig. 1. Photomicrograph of an infiltrating ductal carcinoma showing crisp c-erbB-2 membranous staining and some weak cytoplasmic staining adjacent to areas
that are clearly negative (arrow).

Table 2 Relationship ofc-erbB-2 membrane staining with selected histologies

HistolÃ³gica!
classificationAll

carcinomasInfiltrating

ductalInfiltrating
ductal with an/;;situ

componentDCISLobularColloidTubularTotal

(N)31420843II4363No.

c-erbB-2N5230121210positive%n142864517

2 expression between the primary and recurrent lesions. The
two cases of discordant staining consisted of patients with c-
erÃ„Ã„-2-positiveprimary tumors and c-erÂ¿>A-2-negativerecurrent

lesions.
Relationship of c-erbB-2 Membrane Staining with Known

Prognostic Factors. Using the x2 test, we found no significant

relationship between c-erbB-2 membrane staining and age at

diagnosis, menopausa! status, tumor size, or ER status (Table
3). However, c-erAÃ„-2-positive tumors were significantly asso
ciated with a poorer grade (P = 0.02) (Table 3). Although not
significant, there was a trend for patients with c-erÂ¿>A-2-positive
staining tumors to have lymph node mÃ©tastases(P = 0.08) and

disseminated disease outside the axillae at primary presentation
(P = 0.09) (Table 3).

Prognostic Significance of the c-erbB-2 Oncogene as an Inde

pendent Variable. For patients in whom DF survival informa
tion was available (n = 277), those who were c-erbB-2+ had a
shorter DF survival time than the c-erbB-2â€”group (P = 0.002;

Fig. 4a). Overall survival for the total 296 patients was also
significantly reduced for c-erbB-2+ individuals (P = 0.0001;

Fig. 4Â¿>).

Prognostic Significance of the c-erbB-2 Oncoprotein in Com
bination with LN Status and Grade of Tumor. Of the 296 patients
presenting with infiltrating carcinoma, 228 (77%) had axillary
lymph node sampling. The remaining 68 patients included 55
from whom no nodes were removed but for whom clinical
axillary adenopathy status was recorded at primary presenta
tion. No information on histological or clinical LN status was
available for 13 patients. Of those patients with pathologically
confirmed LN status, 115 had mÃ©tastasesto the regional lymph
nodes and 113 were LN negative. For those patients with LN+
disease, c-erbB-2+ tumors identified a poorer prognostic group
(P = 0.003; Fig. 5). Overexpression of the c-erbB-2 oncoprotein
did not predict a worse disease outcome in LNâ€”disease (P =
0.27). Dividing the grade I, II, and III tumors on the basis of c-
erbB-2 positivity, Overexpression of the c-erbB-2 oncoprotein
identified a group of grade II patients who had a significantly
worse disease outcome (P = 0.001; Fig. 6). No such group of
patients was identified for the grade III patients (p = 0.20).
Due to the small number of patients presenting with grade I
tumors (n = 22), it was not possible to assess the prognostic
significance ofc-erbB-2 staining in this group.

Prognostic Significance of c-erbB-2/ER Subgroups. When the
296 patients were categorized on the basis of c-erbB-2 and ER
status, c-erbB-2-positive tumors identified a worse prognostic
group of ER- tumors (P< 0.001; Fig. 7) but not ER+ tumors
(P = 0.40). Of the 4 survival distributions, patients who were
c-erbB-2+ and ERâ€”had a significantly worse disease outcome

(P < 0.001; Fig. 7) compared with the other groups. This
suggests that c-erbB-2-positi\e staining and negative hormonal
status in combination may predict for a worse prognosis.

Univariate/Multivariate Analysis. When all the variables (Ta
ble 1) were examined individually with regard to overall survival
in the univariate model, results indicated that there was a
significantly increased risk of mortality from breast cancer if
the patient presented with (a) LN-positive disease, (b) a poorer

3298

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/12/3296/2444144/cr0510123296.pdf by guest on 19 M

ay 2023



c-erbB-2 and ER STATUS IN BREAST CANCER

0.1mmfc-^.'v ,

Fig. 2. c-ereÃ„-2-positive staining in a comedo-type DCIS showing predominant staining at the basal layers of the ducts (arrow).

B

/

Â»

0.1 mm
Fig. 3. Photomicrograph of infiltrating lobular carcinoma cells staining positively for the c-erbB-2 oncoprotein (arrow A), with normal appearing ducts staining

negative (arrow B).

grade of tumor, (c) c-wAÃŸ-2-positive membrane staining, (d)

disseminated disease outside the axillae, or (e) large tumor size
at primary presentation (Table 4). When all the variables were
considered simultaneously in the multivariate model, to identify
which variables conveyed unique prognostic information, the
results indicated that in addition to LN-positive disease and
poorer grade of tumor, positive c-erbB-2 membrane staining

was an independent prognostic indicator for increased risk of
mortality (Table 4).

With regard to DF survival, univariate analysis indicated that
patients with (a) LN-positive disease, (Â¿>)a poorer grade of
tumor, (c) c-erÂ¿>A-2-positivemembrane staining, or (d) dissem-
inated disease outside the axillae had a significantly shorter DF
survival (Table 4). In addition there was a tendency for younger
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Table 3 Relationship ofc-erbB-2 membrane staining with various prognostic
factors

AllcarcinomasMenopausa!

statusPrePostAge

at diagnosismi<50

S50Tumor

size(cm)0<22-5

>5UK"Estrogen

receptorstatusER+ER-UKTumor

gradeIII

IIIUKNo.

of positive lymphnodes01-3

>3UKDisseminated

diseaseYesNoUKTotalW314125

189132

18287191

333125186324155

134112768

437630ISO13No.

c-erbB-2N52203220

321627

8116351120301138

10218404positive%1716

1715181814241319413221012232715(P)0.830.580.300.160.020.080.09Â°

UK. unknown.

patients (P = 0.056) and those with larger tumors (P = 0.053)
to have a shorter DF survival (Table 4). When all the variables
were considered together in the multivariate model (Table 4),
the results indicated that in addition to LN-positive disease and
poorer grade of tumor, a younger age at primary diagnosis (<50
years old) was an additional independent predictor for a shorter
DF survival. Finally there was a tendency (P = 0.07) for patients
with disseminated disease outside the axillae to have a shorter
DF survival. Positive c-erbB-2 membrane staining conveyed no
additional prognostic information for this survival parameter
(Table 4).

As it was apparent that c-erÃ´fi-2-positive staining and nega
tive ER status in combination may predict for a poorer prog
nosis as shown by the survival distributions in Fig. 7, it was of
interest to assess if this combination of factors was truly pre
dictive of patient outcome. To address this point the multivar
iate analyses generated using the 8 variables listed in Table 1
were reanalyzed with the inclusion of the interaction oÃ¯c-erbB-
2 and ER status. Results indicated, however, that this interac
tion did not provide any additional prognostic information for
overall (P = 0.6452; ÃŸ= 0.3271 Â±0.7249) or DF (P = 0.8143;
ÃŸ= 0.1619 Â±0.6975) survival.

DISCUSSION

To date, the function of the c-erbB-2 protein in normal
growth and differentiation of tumor cells remains unclear. On
the basis of sequence data (3) it has been postulated that the c-
erbB-2 protein is a transmembrane receptor for an as yet
unidentified growth factor. The intense brown granular staining

predominantly located at the cell membrane supports this view.
The weak cytoplasmic staining evident in some of the tumors
may be due to some receptor ligand internalization (17). The
50% homology to EGFR (c-erbB-\) seen in the amino acid
sequence of the c-erbB-2 oncoprotein (3) suggests that the c-
erbB-2 receptor may behave similarly to EGFR in that it may
be a potent growth stimulator. Recent data have shown evidence
of interaction between EGFR and the c-erbB-2 oncoprotein
with a study showing that the c-erbB-2 protein could be phos-
phorylated by addition of exogenous epidermal growth factor
(33, 34).

With regard to various clinicopathological features, c-erbB-2
gene copy number and expression at the DNA and protein
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Fig. 4. Actuarial survival curves for DF survival (a) and overall survival (b) for
patients presenting with c-fcÃ©A-2-positiveor c-wAÃ„-2-negativestaining primary
breast carcinomas.

oo
(4Â«

o

1.0

0.9

0.8

0.7

0.6

0.5

0.4

f-crhB- 2 +

c-erbB- 2 -

; (n=96)

0Â£0.20.1p=0.0030123(n=19)4

5 6 7 8 910Years

Fig. 5. Actuarial survival curves for overall survival in LN+ patients presenting
with c-erbB-2+ or c-erbB-2â€”breast carcinomas.
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<n=132)
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Fig. 6.
or c-erbB

Actuarial overall survival curves for patients presenting with c-erhB-2+
2â€”staining grade II breast carcinomas.

9 10
Years

Fig. 7. Actuarial survival curves for overall survival in c-erhB-2/ER subgroups
of primary breast carcinoma patients.

levels in primary breast carcinomas have been associated with
large tumor size (15), poor nuclear grade (13, 17, 35), and
inflammatory carcinoma (36), implying an association between
this protooncogene and enhanced malignancy of the tumor cell
in vitro. This is confirmed in this study by the finding that the
majority of c-erbB-2+ tumors were of a poorer grade. Previous
studies have found a significant correlation between positive c-
erbB-2 status and LN involvement (13, 14, 37-40), whereas
other protein (12, 17, 19, 41) and amplification studies (42)
have not. In this study, although not significant, there was a
trend for c-erbB-2-positive tumors to be associated with the
presence of LN mÃ©tastases.The observation of comparable
staining in primary and recurrent tumors in this study argues
against a direct role for c-erbB-2 expression in the process of
tumor dissemination.

Various clinical parameters including high histological grad
ing, LN status, and vascular invasion (43-45) have all been

shown to adversely affect prognosis. In addition the percentage
of ER-positive and ER-negative cells within a given tumor
population (46), EGFR levels (47,48), and aneuploidy (S phase)
(49,50) have been reported as potential predictors for the course
of disease in breast carcinoma patients. Our data and those of
recent Western blot (18) and immunohistochemical (19) studies
indicate that the c-erbB-2 oncoprotein may be a valuable inde
pendent prognostic indicator in patients with primary breast
cancer and may identify subsets of patients in defined prognos
tic groupings who may have a worse prognosis. In our study c-
erbB-2 positivity predicted for a worse disease outcome in

patients presenting with a grade II tumor and in patients who
had axillary node mÃ©tastases.However, unlike results in a
recent study (19), overexpression of the c-erbB-2 oncoprotein
failed to predict a worse disease outcome in patients presenting
with LN-negative disease. Similar findings have been reported
by others (18, 20). This could be due to the fact that the number
of LNâ€” patients relapsing or dying from breast cancer is

significantly lower than in LN+ patients, suggesting that it
would be necessary to investigate a much larger cohort of LNâ€”

patients to obtain the same number of events as LN+ patients
and therefore the same statistical power.

A previous study reported that overexpression of the c-erbB-
2 oncoprotein identified a poorer prognostic group of ER+ and
ER- tumors (19). In our study, we also found that overexpres
sion of the c-erbB-2 oncoprotein was predictive of a worse
disease outcome in ER- tumors; however, of more interest is
our finding that these c-erbB-2+/ERâ€” patients had the worst

prognosis when compared to the other subgroups. Such a
combined affect has been reported forc-erÃ„Ã„-2-positive/EGFR-
positive patients (19). The finding that the combined effect of
c-erbB-2 and ER status did not contribute any additional infor

mation to the multivariate analyses may partially be explained
by the fact that all of the tumors of the c-erbB-2+/ER- patients

were of a poorer grade when compared to the other three
groupings (data not shown), and therefore it is possible that
this characteristic of the tumor and not its c-erbB-2/ER profile
was of prognostic importance in the analyses.

In our study and in a previous publication (15), a high
incidence of c-erbB-2 staining was noted in the noninvasive
comedo-type DCIS, indicating that in a small subset of tumors,
c-erbB-2 expression may play a part in the early stages of
tumorigenesis. This particular type of tumor has been shown
to have a higher proliferative index than the other in situ
subgroups as measured by thymidine labeling and flow cytom-
etry (51). More recently, Borg et al. (52) reported a correlation
between increasing S phase fraction and c-erbB-2 overexpres
sion in invasive/infiltrating breast carcinomas, suggesting that
the c-erbB-2 oncoprotein may confer a proliferative advantage
on the tumor cells expressing it. Preliminary data from one
flow cytometry study have suggested that tumors with a high

Table 4 Univariate/multivariate analyses for disease-free and overall survival

Lymph node status
Grade
c-erbB-2
Disseminated disease outside the axillae
Tumor size
Age at diagnosis
Menopausa! status
Estrogen receptor statusOverallUnivariate

(Pf<0.001

(1.27 Â±0.25)
<0.001 (0.88 Â±0.17)
<0.001 (0.98 Â±0.23)
<0.001 (1.20 Â±0.25)

0.004(0.45 Â±0.16)
0.265
0.881
0.101survivalMultivariate

(/>)â€¢cO.OOl

(1.08 Â±0.26)
<0.001 (0.94 Â±0.23)

0.01 (0.79 Â±0.29)
0.35
0.35
0.21
0.30
0.28Disease-free

survivalUnivariate

(P)â€¢cO.OOl

(1.00 Â±0.20)
<0.001 (0.56 Â±0.15)
<0.001 (0.77 Â±0.22)
â€¢cO.OOl(1.06 Â±0.25)

0.053(0.27 + 0.14)
0.056 (-0.03 Â±0.007)
0.527
0.137Multivariate

(P)â€¢CO.OOl

(0.75 + 0.21)
0.001 (0.59 Â±0.18)
0.36
0.07 (0.64 Â±0.34)
0.29
0.01 (-0.036 + 0.015)
0.10

0.45Â°
rf regression coefficient Â±SE.
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proliferative activity have a good response to therapy (53). If c-
erbB-2 expression does correlate with increased S phase frac
tion, as previously suggested (52), then the c-erbB-2oncoprotein
may be a valuable indicator in determining treatment strategies
for particular sets of patients. Several in vivoand in vitrostudies
have shown that the growth of tumor cells which express the c-
erbB-2 oncoprotein can be inhibited by the use of monoclonal
antibodies to the extracellular domain (54-56). This suggests
that future work could involve investigating a possible immu-
notherapeutic role for these antibodies in human studies.

In conclusion we have shown that overexpression of the c-
erbB-2 oncoprotein as an independent factor predicted for a
poorer DF and overall survival in patients presenting with
primary breast carcinoma. In addition, c-erbB-2-posÃÃºvestatus
identified subsets of patients presenting with LN+ disease,
grade II tumors, or ERâ€”tumors who had a poorer prognosis.
Although a c-erbB-2 oncoprotein expression was not an inde
pendent predictor of DF survival in the multivariate analyses,
our data suggest that next to LN status and grade, overexpres
sion of the c-erbB-2 oncoprotein is an additional prognostic
factor with regard to overall survival for patients with primary
breast carcinoma and provides independent predictive infor
mation even when other prognostic factors are taken into
account. Finally the high frequency of staining in DCIS noted
in this study and in previous investigations has yet to be
prognostically evaluated due to the relatively small numbers of
these particular carcinomas in this and previous studies (15,
16).
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