
Table 1. Comparative analysis of c-erbB-2 ampli- 
fication in breast tumors from different groups of - - 
patients." 

- - - -  

Number of tumors 

Amplification of c-evbB -2 and Aggressive Group Single COPY 2 copies to 5 copies >5 
Human Breast Tumors? ~ ~ t a l  patients 

Little is known about the clinical signifi- 
cance of many genetic alterations that ap- 
pear in primary human breast carcinoma. 
khese inSlide amplification of the c-myc (1, 
2), int-2 (3), and.c-erbB-2 (54-8) genes, as 
well as allelic deletions of genes on chromo- 
somes 11 or 13 (9, 10). The frequency and 
level of amplification of c-myc and c-erbB-2 
proto-oncogenes vary between different 
groups of patients studied by different labo- 
ratories. Amplification of c-erbB-2 was re- 
ported in 10, 16, 18, and 40% of breast 
tumors from different groups of patients (2, 
5-8). In one study this proto-oncogene was 
suggested as a "prognostic factor" (5)  and in 
another as an "imperfect guide" (7 )  for 
aggressive breast tumors. 

We explored the relation between the 
copy number of the c-erbB-2 proto-onco- 
gene and biological characteristics of pri- 
mary human breast tumors collected at the 
Centre RenC Huguenin, St. Cloud, France 
(8). A 2- to 40-fold increase in c-erbB-2 
(chromosome 17q) was identified in 12 out 
of 122 turnor DNAs. In contrast, the pres- 
ence of a normal copy number of the gene 
encoding the tumor antigen p53 (chromo- 
some 17p) (11) in all the tumor DNAs 
demonstrates that c-erbB-2 amplification in 
certain turnors was not due to increased 
ploidy of chromosome 17. There was no 
evidence of an association between increased 
copy number of c-erbB-2 and the biological 

characteristics of tumors that may be indica- 
tive of their degree of malignancy. Among 
these parameters are the number of involved 
lymph nodes, hormone receptor status, his- 
topathologic grading, age at diagnosis, and 
menopausal status (8). 

Our observations are in some ways incon- 
sistent with those reported by Slamon et a1 
(5). First, amplification of c-erbB-2 was 
detected in 10% of the breast tumors as 
compared with 18% and 40%, respectively, 
in two different groups of patients examined 
by Slamon et al. (5) .  This difference could in 
part be due to an underestimation of the 
copy number of the c-erbB-2 gene because 
of the presence of contaminating stromal 
tissue and infiltrating lymphocytes. Con- 
versely, chromosomal duplication rather 
than gene amplification, at least in some 
cases, might give rise to an exaggerated 
frequency of tumors with c-erbB-2 amplifi- 
cation. We ruled out the latter possibility in 
our study. 

A close look at the combined data de- 
scribed here (group A, 122 patients with a 
follow-up time of 53 months and 62 months 
for those still surviving; group B, 103 pa- 
tients with no follow-up; and group C, 86 
patients with a median follow-up time of 46 
months and 47 months for those still-living 
patients) provides evidence that the number 
of tumors with c-erbB-2 amplification varies 
among these groups (Table 1). Only 3 to 

A (our data) 110 (90%) 4 (3%) 8 (7%) 
B (5, table 1) 84 (82%) 3 (3%) 16 (15%) 
C (5, table 2) 52 (60%) 23 (27%) 11 (13%) 

Patients with positive lymph nodes 
A (our data) 67 (89%) 3 (4%) 5 (7%) 
B (5, table 1) 37 (79%) 2 (4%) 8 (17%) 
C (5, table 2) 52 (60%) 23 (27%) 11 (13%) 

*A multiple comparisons procedure based on Pearson's 
X2 statistic (15) was used to compare the three groups of 
patients. Group C differs signtficantly from group A 
(P < 0.001) and group B (P < 0.007), whereas groups 
A and B appear to not differ (P > 0.09) in both sets of 
patients. 

4% of patients in groups A and B, as 
compared with 27% of patients in group C, 
have a two- to fivefold amplification of the 
c-wbB-2 gene. Thus, in this respect patients 
in group C differ from those in groups A 
and B. 

Amplification of c-erbB-2 in 40% of the 
86 in group C does not appear to be 
due simply to the selection of lymph node- 
positive patients. Table 1 shows that select- 
ing for patients with positive lymph nodes 
does not increase the frequency of tumors 
with c-erbB-2 amplification in group A or in 
group B. Furthermore, for total patients and 
for patients with positive lymph nodes, the 
data in group C differ significantly from 
those in groups A and B, while there is no 
statistical evidence that groups A and B are 
different. 

Table 2. Comparison of diagnostic factors in univariate and multivariate relapse and survival analyses in two studies.* 

Group A (our data) Group C (5, table 4) 
Factor 

Relapse Survival Relapse Survival 

Univanate analysis 
Positive lymph nodes (no.) 0.002 (0.107 .t 0.031) 0.01 (0.102 r 0.035) 0.0002 0.0001 

c-erbB-2 copies (no.)t 0.51 0.56 <0.0001 
Progesterone receptor* 0.04 (-0.269 k 0.134) 0.01 (-0.396 .t 0.165) 0.05 

Estrogen receptor* 0.54 0.86 0.10 

Age at surgery 0.26 0.64 0.61 

Multivariate analysis 
Positive lymph nodes (no.) 0.0001 (0.126 k 0.033) 0.002 (0.111 r 0.036) 0.001 (0.085 + 0.027) 0.0003 (0.094 .t 0.026) 
c-erbB-2 copies (no.)t - - 0.001 (0.138 + 0.043) 0.02 (0.087 .t 0.039) 

Progesterone receptor* 0.02 (-0.317 + 0.141) 0.008 (-0.454 * 0.172) - - 
Estrogen receptor? - - - 0.03 (-0.516 + 0.24) 

- - - - - - - - 

*Entries are P values (regression coefficient 2 SD). Dash indicates variable not included in the multivar~ate model. For group A, with the multivariate model, the number of c-erbB- 
2 copies, estrogen receptor, and age at surgery were not signtficant. t In group A, variable for number of c-erbB-2 copies is 1 if 1 co y, 2 if 2 to 5 copies, 3 if 6 to 15 co ies, and 
4 if 216 copies. +In the analysis of roup A, hormone receptor variable was considered to be 0 if 0 to 10 mol of receptor per d g r a m  of rotein were present, 1 if 70 to 50 
fmol, 2 if 51 to 150 fmol and 3 if >1!0 fmol. This variable in proportional hazard assumption is easier to check graphically than the loggelvalues in group C. 
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Second, in our study there is no evidence 
of an association between the copy number 
of c-erbB-2 and the number of positive 
lymph nodes either by the X 2  test or by the 
more powerful Kendall's correlation 
(eb 2 SE of -0.048 2 0.083) (12). Neither 
of the two separate groups of patients exam- 
ined by Slamon et al. (5) provides strong 
evidence of an association. The reported 
strong association (P = 0.002) obtained by 
combining data from their two groups poses 
two major problems. (i) The importance of 
the P value (0.002) is diminished by the fact 
that the analysis of the first group was used 
to formulate the association hypothesis as 
well as to help confirm it; and (ii) the above 
analysis of Table 1 shows that the propor- 
tions with the amplified gene are quite 
different in their two groups. Hence their 
combination is of questionable validity for 
studying the association between the ampli- 
fied c-erbB-2 gene and the number of posi- 
tive lymph nodes. The inconsistency be- 
tween our analysis and that of Slamon et al. 
could be due to the small proportion of 
patients with amplified c-erbB-2 gene in our 
study (or to the large proportion in their 
second group). It is, however, not due tb 
the original size of the group, as comparable 
numbers of patients were available in all 
groups. 

Third, the analysis of survival information 
on the patients in our study does not con- 
firm the importance of c-erbB-2 amplifica- 
tion in breast tumors in predicting overall 
survival or time ta  relapse. The only varia- 
bles important for our study in predicting 
disease-free and overall survival, both in 
univariate and multivariate Cox regression 
analyses (13) as well as a robust log rank 
analysis (8), were the number of positive 
lymph nodes and progesterone receptor sta- 
tus (Table 2). These are the same two 
variables identified previously by Clark et al. 
(14). 

At present there cannot be a simple expla- 
nation for these contradictory findings. The 
discrepancies between our results and those 
of Slamon et al. or between the results of 
various groups of patients studied in the 
same or different laboratories could reflect 
differences in genetic background, geo- 
graphical location, or other nutritional and 
environmental factors. In this respect, breast 
cancer patients in the French population 
seem to have longer disease-free and overall 
survival periods compared with the Ameri- 
can patients (8). Our results therefore advise 
caution in the preliminary assignment of c- 
erbB-2 amplification as an indicator for 
breast tumor aggressiveness and poor dis- 
ease prognosis. Moreover, an association of 
a particular genetic alteration with disease 
prognosis requires analysis of expanded 

numbers of tumors from ~atients remesent- 
ing different geographical and genetic com- 
positions. 
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Response: The association between ampli- 
fication of the HER-2lneu gene, also called 
c-erbB2, and poor prognosis in human 
breast cancer was first reported approxi- 
mately 18 months ago (1). Since that report, 
a number of studies regarding amplification 
of this gene in primary human breast cancers 
have been published (2-7). Ali et al. present 
results indicating that there is "no evidence 
of an association between increased copy 
number of c-erbB2 and the bio1oe;ical charac- " 
teristics of tumors that may be indicative of 
their degree of malignancy. Among these 
parameters are numbers of involved lymph 
nodes, hormone receptor status, histopatho- 
logic grading, age at diagnosis, and meno- 
pausal status" (8). They go on to say that 

"Our observations are in some ways incon- 
sistent with those reported by ~la&on et al., 
referring to our initial study (1). 

A major discrepancy between our data (1) 
and those reported by Ali et al. (8) is the 
incidence of amplification of the HER-21neu 
gene in human breast cancer. There are 
several possible explanations for this dis- 
crepancy. First, tissue from human malig- 
nancies is made up of heterogeneous cell 
populations. This is particularly true of 
breast cancer, where stromal elements can 
account for as much as 50% of the tumor 
mass. Given this, it is easy to see how gene 
amplification might be underestimated rath- 
er than overestimated due to dilution of the 
tumor cell DNA with DNA from nonmalig- " 
nant cells. Still the potential for overesti- 
mates in amplification incidence as a result 
of technical variability exists and must be 
addressed. In our initial study, we evaluated 
86 tumors with clinical follow-up in a blind- 
ed fashion and, of those tumors, 11 had 
amplification of HER-2lneu to levels of five 
copies or greater (1). I t  was this latter group 
that showed the greatest difference in prog- 
nosis when compared with a single copy 
group (1). One possibility is that our initial 
data were in error regarding the incidence of 
amplification. To reevaluate this group for 
the possibility of error, we repeated the 
Southern blot analysis and updated the fol- 
low-up on the cases from which the tumors 
were obtained. In no case did we see a 
change in DNA copy status on repeat analy- 
sis. In addition, with a new overall median 
follow-up of 53 months (60 months for 
those patients still alive), the association 
between gene amplification and disease free 
survival as well as overall survival has not 
only persisted, but the significance level has 
increased (P = 0.0017 and P = 0.0035, re- 
spectively, determined by mutivariate analy- 
sis) compared with our previously published 
data (1). Using lymph node status, estrogen 
receptor, progesterone receptor, size of tu- 
mor, age of patient, and HER-2lneu copy 
number as factors in multivariate studies, we 
found that gene amplification remained su- 
perior to other prognostic factors with the 
exception of positive lymph nodes in pre- 
dicting clinical outcome. Therefore, the as- 
sociation between HER-2lneu amplification 
and poor prognosis holds for this group of 
tumors. Reviewing our data, Ali et al. state 
that the incidence of HER-2lneu amplifica- 
tion is significantly different in lymph-node 
positive group with follow-up compared 
with the lymph-node positive group with- 
out follow-up (8). They do not point out, 
however, that the latter group represented a 
relatively small number of cases (approxi- 
mately half of those in the former group). 
Thus, the difference may be real or may 
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