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Summary 

To assess the practical prognostic value of c-erbB2, we performed a study on 942 invasive ductal carcinomas 
treated with primary surgery between 1980 and 1986 in our center. We evaluated its expression by immunohis- 
tochemistry in paraffin-embedded tissue using a polyclonal antipeptide antibody. Of 942 tumors, 229 (24 %) 
showed a positive membrane staining. We observed a significant association between c-erbB2 and Scarff- 
Bloom-Richardson grading (p < 0.0001) and a negative correlation between c-erbB2 and both estrogen and 
progesterone receptors (p < 0.0001). In our analysis, with respect to overall survival (OS), relapse-free surviv- 
al (RFS), and metastasis-free survival (MFS), c-erbB2 was statistically significant (p ___ 0.0001) for the whole 
group and the node-positive subgroup. In multivariate analysis, c-erbB2 appeared to be an independant varia- 
ble for RFS and MFS in the node-negative group. However, in our hands, c-erbB2 had a poor prognostic value 
in comparison with the classical prognostic variables such as histological grade, nodal status (N), hormonal 
receptor status (estrogen and progesterone receptors), and tumor size, and it did not supersede the classical 
parameters. 

Introduction 

The number of newly proposed prognostic factors 
in breast carcinoma has grown during the last 10 
years at an increasing rate. Much attention has been 
focused recently on the amplification of the c- 
erbB2 oncogene associated with increased c-erbB2 
oncoprotein expression [1]. This gene, which be- 
longs to the tyrosine kinase oncogene family, is lo- 
cated on chromosome 17 at q21 and encodes for a 
transmembrane receptor-like phosphoglycopro- 
tein that is closely related in structure but is biolog- 
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ically distinct from the epidermal growth factor re- 
ceptor (EGFR) [1-6]. 

The c-erbB2 proto-oncogene is found to be over- 
expressed in approximately 20 to 30% of primary 
human breast carcinomas and has been reported to 
correlate with poor clinical prognosis [7-9]. 

To assess the practical prognostic value of c- 
erbB2, we performed two studies: first, we com- 
pared levels of c-erbB2 mRNA by dot blot and pres- 
ence of c-erbB2 oncoprotein by immunohistoche- 
mistry (IHC) on 83 breast carcinomas. Then, we 
analyzed 942 operable infiltrating ductal carcino- 
mas (IDC) treated in our center between 1980 and 
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Table 1. Characteristics of patients and tumors 

Mean age 56 years (23 to 86 years) 
Tumor size 21 _+ 9 mm (1 to 88 mm) 
Nodal status* 

Node-negative (N-) 398 (42%) 
Node-positive (N+) 544 (58%) 

Scarff-Bloom and Richardson (SBR) grade 
I 196 (21%) 
II 405 (43%) 
III 341 (36%) 

Hormonal receptor status (HR)** 
ER+ 688 (73%) 
PR+ 526 (56%) 
E R -  254 (27%) 
PR-  416 (44%) 

* The mean number of lymph nodes histologically examined per 
case was 15. 
** By the dextran-coated charcoal method with a cut-off level of 
10 and 15 fmol/mg of protein for ER and PR status respectively. 

1986 by IHC using a polyclonal antipeptide anti- 
body (Dako). 

Material and methods  

Patients and tumors 

The study was carried out in a group of 942 consec- 
utive distant metastasis-free primary IDC (M0) of 
the breast initially resected in our center between 
1980 and 1986. Characteristics of patients and tu- 
mors, initial treatment, and follow-up were previ- 
ously described [10]. Mean age was 56 years, and 
mean tumor size 21 mm. Data on nodal status, 
Scarff-Bloom-Richardson (SBR) grading [11], and 

hormonal receptor status are shown in Table 1. Ad- 
juvant treatments are shown in Table 2. 

c-erb B2 analysis 

To assess the validity of immunohistochemistry 
(IHC), 83 recent cases were studied concomitantly 
by RNA dot blot and IHC. 

The quantification of c-erbB2 RNA levels by 
densitometry was performed using a c-erbB2 probe 
kindly provided by T. Yamamoto. Relative RNA 
levels were quantified by comparison with a MCF7 
WT cell line used as reference. An actin probe from 
D. Wallitz was used as standard. 

IHC was performed on Bouin-fixed paraffin-em- 
bedded sections on the 83 tumors with a previously 
described technique [10]. A polyclonal antipeptide 
antibody (Dako) was used at a 1:600 dilution. The 
streptavidin biotin peroxidase method was per- 
formed with the LSAB kit from Dako. 

Then, the 942 tumors were tested by IHC using 
the same method. All the slides were read by the 
same pathologist. Only positive invasive tumor cells 
were evaluated. Tumor cells were considered as 
positive when they showed a positive membrane 
staining. The proportion of c-erbB2 positive tumor 
cells was determined as a percentage of invasive tu- 
mor cells, ranging from 0 to 100%, from the entire 
stained tissue section. For each tumor, both % of 
stained cells and the intensity of positivity evaluat- 
ed on a 3-point scale (1+, 2+, 3+) were analysed, but 
for the statistical evaluation, we used only % of 
stained cells. 

Table 2. Adjuvant treatment decided following nodal status and hormonal receptor status of tumors and the current protocols at the time 
of surgery 

N-  H+ (n = 288) --~ No adjuvant treatment 
N-  H R -  (n = 110) ~ Chemotherapy* 68 (62%) 
N+ HR+ (n = 435) --) Chemotherapy* 252 (58%) 

Chemotherapy + hormonotherapy** 113 (26%) 
N+ H R -  (n = 109) ~ Chemotherapy 98 (90%) 

* CMF: cyclophosphamide, methotrexate, 5-fluorouracil. 
or 1041: farmorubicin, oncovin, methotrexate. 
or 1043: mitomycin C, thiotepa, eldisine. 
** Tamoxifen. 
N-: node-negative, N+: node-positive, HR-:  hormonal receptor status - ,  HR+: hormonal receptor status +. 
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Table 3. Study of c-erbB2 on 83 recent tumors concomitantly by 
dot blot and IHC 

IHC Total 

- + 

RNA - 63 2 65 
dot blot + 6 12 18 

Total 69 14 83 

Statistical analysis 

Association between c-erbB2 expression and hist- 
ological grade was assessed by the Chi-square-test 
while the Spearman rank correlation test was used 
to study the association between c-erbB2 protein 
and other parameters such as age, nodal status, hor- 
monal receptor status, and tumor size. 

All patients were followed quarterly for two 
years, twice a year for the next year, and then yearly. 
The median follow-up was 83.5 months, ranging 
from 33 to 140 months. The cut-off date for the cur- 
rent analysis was 31 July 1992. Survival curves were 
established by the Kaplan-Meier method. For over- 

all survival (OS), survival duration was calculated 
from the date of surgery to death or the date they 
were last known alive. All causes of deaths were 
considered as events. For metastasis-free survival 
(MFS) and for relapse-free survival (RFS), time-to- 
failure was computed from the date of surgery until 
metastasis or relapse or the date they were last 
known to be disease-free, respectively. Patients who 
died from unrelated causes were considered as cen- 
sored by the time of their death. For RFS, the event 
was either local failure and/or metastasis. For com- 
parison between survival curves, logrank tests were 
used. Univariate analyses were performed using 
BMDP software (Program IL). Multivariate ana- 
lyses using the stepwise Cox-model were perform- 
ed with BMDP software (Program 2L). 

Results 

Validity of technique 

We found 18 tumors (21%) with c-erbB2 gene over- 
expression by dot blot, and 14 tumors (17%) were 
positive by IHC (Table 3). 

Six tumors were considered as positive with dot 

Table 4. Relationship between c-erbB2 expression and classical prognostic parameters 

c-erbB2 + c-erbB2 - p value 

Age 
< 50 
_> 5O 

Tumor size 
< 20 mm 
> 20 mm 

Nodal status 
N-  
N+ 

SBR grade 
I 

II 
III 

Estrogen receptor status 
ER+ 
ER-  

Progesterone receptor status 
PR+ 
PR-  

81 (27.8%) 210 (72.2%) 0.10 
148 (22.7%) 503 (77.3%) 

124 (23.6%) 402 (76.4%) 0.70 
97 (24.9%) 293 (75.1%) 

95 (23.9%) 303 (76.1%) 0.84 
134 (24.6%) 410 (75.4%) 

22 (11.2%) 174 (88.8%) 
87 (21.5%) 318 (78.5%) < 0.0001 

120 (35.2%) 221 (64.8%) 

143 (20.8%) 545 (79.2%) < 0.0001 
86 (33.9%) 168 (66.1%) 

91 (17.3%) 435 (82.7%) < 0.0001 
138 (33.2%) 278 (66.8%) 
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Fig. 1. RFS in node-negative group of patients with c-erbB2- 

(303 patients) and with c-erbB2+ (95 patients). 

blot analysis and negative with IHC. Only one out 
of these dot-blot-positive/IHC-negative tumors 
showed high levels of c-erbB2 mRNA. In contrast, 
two tumors were negative with dot blot analysis and 
positive with IHC but with low values (1% and 2% 
of stained tumor cells respectively). 

Results were concordant in 75 cases (90%). 

c-erbB2 expression and classical prognostic param- 
eters 

Results are shown in Table 4: there was a significant 
association between c-erbB2 and grade (p < 0.0001) 
and a negative correlation with both estrogen re- 
ceptors (ER) (p < 0.0001) and progesterone recep- 
tors (PR) (p < 0.0001), but no association with tu- 
mor size (p = 0.7), nodal status (p = 0.8), or age (p = 
0.1). 

Grading was performed according to the criteria 
of Scarff-Bloom-Richardson. This technique as- 
sesses nuclear pleomorphism, tubule formation, 
and mitotic rate estimated after analysis of at least 
10 high power fields at a 400 times magnification. 

When considering SBR grade parameters, we ob- 
served that c-erbB2 positivity correlated with the 
least differentiated tumors (i.e. with no tubule for- 
mation) (p = 0.01), with higher mitotic rate (_ 15 mi- 
totic figures for 10 HPF) (p < 0.0001), and with the 
most marked polymorphism (p < 0.0001). 

c-erbB2 assay in the IDC series 

Of 942 tumors, 229 cases (24%) showed a positive 
membrane staining (> 0%): 6% with 1 to 10% of 
positive tumor cells, 8% between 10 and 50%, and 
10% with more than 50% positivity. 

Among the 229 tumors with positive stained cells, 
we evaluated the intensity of membrane staining: 
we observed 89 cases with intensity evaluated at 1+, 
82 tumors with intensity evaluated at 2+, and 58 tu- 
mors with intensity at 3+. 

Univariate analysis 

In the univariate analysis, overall survival, relapse- 
free survival, and metastasis-free survival curves 
were calculated for age, tumor size, nodal status, 
SBR grade, ER, PR, and c-erbB2 status. 

All variables other than age were statistically sig- 
nificant with respect to overall survival (OS), re- 
lapse-free survival (RFS), and metastasis-free sur- 
vival (MFS) (Tables 5, 6, 7) in the whole group. 

In the N-  patients (n = 398), c-erbB2 was signif- 
icant for RFS (p = 0.0009) and MFS (p = 0.002) but 
not for OS (Table 6) (Fig. 1). 

Table 5. Invasive ductal carcinomas for the whole group (n = 942). Univariate analysis 

Overall survival Relapse-free survival Metastasis-free survival 

Age NS NS NS 

Tumor size p < 0.0001 p < 0.0001 p < 0.0001 

Nodal status p < 0.0001 p < 0.0001 p < 0.0001 

SBR grade p < 0.0001 p < 0.0001 p < 0.0001 

ER p < 0.0001 p = 0.0001 p = 0.0008 

PR p < 0.0001 p < 0.0001 p < 0.0001 

c-erbB2 p = 0.0001 p < 0.0001 p = 0.0001 
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Overall survival Relapse-free s u r v i v a l  Metastasis-flee survival 

Age NS NS NS 
Tumor size p = 0.10 p = 0.0098 p = 0.02 
SBR grade p = 0.012 p = 0.026 p = 0.008 
ER p = 0.003 NS NS 
PR p < 0.0001 p = 0.006 p = 0.001 
c-erbB2 NS p = 0.0004 p = 0.002 

In the N+ patients (n = 544), c-erbB2 was signif- 
icant for OS (p = 0.0002), RFS (p = 0.008), and MFS 

(p = 0.008) (Table 7). 

chemotherapy is of lesser importance in terms of 

OS. 

Multivariate analysis 

For Cox multivariate analysis, 8 factors were tested: 
tumor  size, nodal status, histological grade, E R  sta- 
tus, PR status, chemotherapy, hormonal  t reatment,  
and c-erbB2. 

Results are listed in Tables 8, 9, and 10. 
In our study, c-erbB2 is an independent  prognos- 

tic factor regarding RFS and MFS only in the node- 

negative group of patients: grade is one of the most  
important  predictive factors with respect to OS, 

RFS, and MFS for the three groups (whole group, 
N- ,  N+). Nodal  status is the second with respect to 
OS, and the first with respect to RFS and MFS for 

the whole group. Tumor size and PR status are sig- 
nificant in terms of OS, RFS, and MFS for the whole 
group and N+ patients. In the N -  patients, tumor 
size is significant in terms of RFS, and PR status is 
significant regarding OS and MFS. For N+ patients 
and the whole group, hormonotherapy  is of lesser 

importance in terms of OS, RFS, and MFS, while 

Discussion 

In this retrospective study, analysis of protein c- 
erbB2 by I H C  in 942 infiltrating ductal carcinomas 
surgically removed as first-line treatment,  revealed 
24% of positive tumors. This is in perfect agree- 
ment  with the 20 to 30% positivity usually found in 

the literature (1, 7, 8, 12-22]. 
This staining represents an overexpression of the 

protein associated with amplification of the gene 
coding for this protein. As in other studies, a dot 
blot analysis of c-erbB2 m R N A  was per formed and 

a 90% concordance was found between I H C  and 

dot blot analysis [9, 23-26]. However,  this molecul- 
ar biological method is t ime-consuming and conse- 

quently difficult to apply routinely to a large num- 
ber  of patients. It  is easier to use the I H C  method,  
which is what the various authors usually do to 
study large groups [27]. 

When we looked for a link between c-erbB2 

overexpression and the other prognostic factors 
usually assessed, we found that c-erbB2 was associ- 
ated with grade I I I  tumors [7,14, 23, 24, 28-31], e.g. 

Table 7. Invasive ductal carcinomas for the node-positive group (n = 544). Univariate analysis 

Overall survival Relapse-free s u r v i v a l  Metastasis-free survival 

Age NS NS NS 
Tumor size p < 0.0001 p < 0.0001 p < 0.0001 
SBR grade p < 0,0001 p < 0.0001 p < 0.0001 
ER p < 0.0001 p < 0,0001 p < 0.0001 
PR p < 0.0001 p < 0.0001 p < 0.001 
c-erbB2 p = 0.0002 p = 0.008 p = 0.008 
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Table 8. Invasive ductal carcinomas. Multivariate analysis. Overall survival 

Improvement chi square p value RR* 

Whole group 1. SBR grade III  

(n = 942) 2. N+ 

3. P R -  

4. Size 

5. Chemotherapy 

6. E R -  

N -  group 1. P R -  

(n = 398) 2. SBR grade III  

N+ group 1. SBR grade III  

(n = 544) 2. P R -  

3. Size 

4. Chemotherapy 

5. Hormonotherapy 

43.4 < 0.0001 2.3 

32 < 0.0001 3.6 

29.6 < 0.0001 2.0 

14.3 < 0.0001 1.8 

10.3 = 0.001 0.5 

4.1 = 0,042 1.4 

16.4 < 0.0001 2.8 

5 = O.0025 1.9 

36.6 < 0.0001 2.5 

19.7 < 0.0001 2.0 

15.2 < 0.0001 2.0 

9 = 0.003 0.5 

3 = 0.008 0.6 

* RR = Relative Risk in final model. 

undifferentiated tumors, and was inversely corre- 
lated with tumors rich in hormonal receptors [3,13, 
14, 26, 27, 32-36]. These findings have already been 
reported in previous studies [9,12,18, 24, 27, 32]. We 
have found no other correlation with either age, tu- 
mor burden, or nodal involvement, which contrasts 
with the results of other authors [3,14,15, 23, 26, 28, 
37]. 

The multivariate analysis showed that c-erbB2 
was an independent prognostic factor, associated 
with earlier relapses or metastasis in the group of 
node-negative patients; therefore our results indi- 

cate that overexpression of c-erbB2 is associated 
with poor prognosis in patients with node-negative 
tumors. Previous studies have shown that c-erbB2 
was an important prognostic factor for patients with 
node-negative and EGFR-negative tumors [27]. 
However, conflicting results have been observed by 
other authors [7,14,18, 24, 26, 28, 30, 33, 36, 38-40]. 
This may be due to the small number of patients in- 
cluded in these series or to the heterogeneity of the 
groups studied [38]. 

The interest of our study lies in the fact that it 
concerns a large consecutive series of infiltrating 

Table 9. Invasive ductal carcinomas. Multivariate analysis. Relapse-free survival 

Improvement chi square p value RR* 

Whole group 1. N+ 52.6 < 0.0001 2.9 

(n = 942) 2. SBR grade III  49 < 0.0001 2.0 

3. Size 26 < 0.0001 1.8 

4. P R -  13,5 < 0.0001 1.5 

5. Hormonotherapy 5.6 = 0.02 0.6 

N -  group 1. SBR grade III  8.3 = 0.004 1.7 

(n = 398) 2. c-erbB2 5.6 = 0.02 1.8 

3. Size 4.1 = 0.04 1.6 

N+ group 1. SBR grade III  41.3 < 0.0001 2.2 

(n = 544) 2. Size 22.2 < 0.0001 1.9 

3. P R -  11.5 = 0,001 1.5 
4. Hormonotherapy 5 = 0.025 0.7 

* RR = Relative Risk in final model. 
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Table 10. Invasive ductal carcinomas. Multivariate analysis. Metastasis-flee survival 

Improvement chi square p value RR* 

Whole group 1. N+ 47 < 0.0001 2.8 
(n = 942) 2. SBR grade III 48.4 < 0.0001 2.1 

3. Size 24.7 < 0.0001 1.8 
4. PR- 12 = 0.001 1.5 
5. Hormonotherapy 4 = 0.04 0.7 

N- group 1. SBR grade III 12.4 < 0.0001 1.9 
(n = 398) 2. PR- 4.5 = 0.03 1.7 

3. c-erbB2 4 = 0.04 1.7 

N+ group 1, SBR grade III 36.1 < 0.0001 2.2 
(n = 544) 2. Size 22.4 < 0.0001 1.9 

3, PR- 8.3 = 0.0004 1.4 
4, Hormonotherapy 4.1 = 0.043 0.7 

* RR = Relative Risk in final model. 

ductal  carcinomas.  However ,  the tumors  of our  

study may  be at different  stages bu t  all were surgi- 

cally r emoved  as first-line t r ea tmen t  in the same 

center.  A d j u v a n t  t r ea tments  (chemotherapy,  hor- 

m o n a l  therapy)  were given in re la t ion  to prognost ic  

factors and  were inc luded in the mul t ivar ia te  analy-  

sis, which can of course modify  results especially if 

there  are small  n u m b e r s  of pat ients  in the sub- 

groups. Howeve r  despite this fact, the value of clas- 

sical prognost ic  factors such as histologic noda l  in- 

volvement ,  SBR grade, t umor  burden ,  and  hor- 

mona l  receptors  is cons iderable  and  is no t  signifi- 

cantly different  when  t r ea tmen t  is added or 

excluded f rom the mul t ivar ia te  analysis. 

In  conclusion,  c-erbB2 seems to be an adverse 

prognost ic  factor indicat ing poor  prognosis  in 

node-nega t ive  pat ients  [13,14, 15,16, 41, 42]. Its val- 

ue seems min ima l  in re la t ion  to the classical prog- 

nost ic  factors [27, 29, 31, 42]. However ,  it is impor- 

tant  to find new prognost ic  factors for node-nega-  

tive pat ients  which will make  it possible to be t te r  

dist inguish those requi r ing  intensif ied t rea tment ,  

and  to adjust  their  m a n a g e m e n t  in order  to improve  

their  relapse-free and metastasis-free survival. 
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