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ABSTRACT

Amplification of the HER-2/neu oncogene was determined in 362
tumors from patients with primary breast cancer (185 node-positive
patients and 177 node-negative patients). The overall amplification rate
was 33% (30% for node-negative patients; 31% for patients with 1-3

positive nodes; 40% for patients with >3 positive nodes). Gene copy
number was not associated with axillary lymph node status, steroid
receptor status, or patient age but was weakly correlated with the size of
the primary tumor. Amplification of the HER-2/neu gene did not correlate
with either disease-free or overall survival in univariate or multivariate

analyses. The results were unambiguously negative for patients with
node-negative disease. Although the univariate results for node-positive
patients were marginally significant ( /' = 0.07), the significance was not

retained in multivariate analyses. Thus, while HER-2/neu amplification

may be biologically important in primary breast cancer, it will only be of
marginal utility as a prognostic factor for predicting clinical outcome.

INTRODUCTION

The HER-2/neu oncogene has been the subject of heated
debates concerning its prognostic significance for women with
breast cancer. In our initial report, we found that the HER-2/
neu gene was amplified in 28% of the 189 primary breast tumors
examined (1). This amplification was directly related to the
number of axillary lymph nodes that were involved with tumor
but was unrelated to other prognostic factors including steroid
receptor status, tumor size, and patient age. The most exciting
finding was that HER-2/neu amplification was an important
predictor of disease recurrence and death for 86 patients with
axillary node-positive disease.

Several reports have now been published by other investiga
tors who have also studied HER-2/neu amplification in human
primary breast tumors (2-26). The reported amplification rates
range from 10 to 46% (Table 1), with an overall amplification
rate of 20% based on 2992 patients. In general, patients with
node-positive disease have greater frequency of amplification
than patients with node-negative disease. However, there has
been considerable controversy regarding the correlations be
tween HER-2/neu amplification and clinical outcome. Most of
these reports have described relationships between gene ampli
fication and other prognostic factors but have not been able to
correlate amplification with disease outcome because of small
numbers of patients with short follow-up times. Of those studies
that have examined clinical correlations, six have reported a
direct relationship between HER-2/neu amplification and poor
survival (1,3, 14-16, 23), and three studies have claimed that
gene amplification is not related to patient outcome (9, 12, 24).
An additional study (23) observed a significant relationship
with early relapse and death in univariate analyses that disap
peared in multivariate analyses. Several possible explanations
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for low amplification frequency and lack of clinical correlations
have been proposed (10), including inadequate analytical tech
niques, suboptimal statistical analyses, and small numbers of
patients.

In this study, we have expanded our previous study design to
include 185 additional node-positive patients and 177 node-
negative patients in order to examine the prognostic ability of
HER-2/neu amplification for patients with primary breast can

cer.

MATERIALS AND METHODS

Patients. The tumor specimens used in this study were nuclear pellets
selected from our San Antonio Tumor Bank, which has been described
previously (27). These tumors were originally sent to our laboratory for
determination of steroid receptor content. After completion of the
receptor assays, the remaining nuclear pellets were stored in freezers
(-70Â°C) to be used in future studies. Demographic characteristics,

treatment information, and follow-up status of each patient for disease
recurrence and mortality are routinely collected by a specialized team
of data managers.

The eligibility criteria for inclusion in this study were a tumor
specimen obtained between 1973 and 1985 at the time of diagnosis
from a woman with primary breast cancer, Ã©valuablesteroid receptor
results, documented tumor size, and age of the patient at the time of
diagnosis. The study was designed to yield approximately 400 Ã©valuable
specimens for HER-2/neu amplification analysis assuming a 60% eval-
uability rate.

Oncogene Amplification. HER-2/neu amplification was determined
in a single laboratory by Southern analysis as previously described (1,
10, 15) in a blinded fashion without knowledge of the patient's clinical

outcome or tumor characteristics. In brief, DNA from the individual
tumors was digested with EcoRl and subjected to Southern blot analysis
with a 12P-labeled HER-2/neu-1 probe (provided by Axel Ullrich) which

is known to detect a 13-kilobase hybridizing band in human DNA. All
DNA blots were stripped and reprobed with both p53 and myeloper-
oxidase probes to evaluate the relative loading of DNA in each lane
and to exclude the possibility that amplification was caused by partial
or complete duplication of chromosome 17. Blots were scanned by soft
laser densitometry and the level of HER-2/neu amplification was
determined by the ratio of the HER-2/neu signal relative to the single-
copy p53 signal.

Statistical Analyses. The data were maintained in an AT&T 3B15
minicomputer using the Informix data base management system (In
formix Software, Menlo Park, CA). Statistical analyses were performed
with the BMDP statistical package (BMDP Statistical Software, Los
Angeles, CA). For statistical analyses, HER-2/neu gene amplification
was coded as: 1, single copy; 2, 2-5 copies; 5, 5-20 copies; 20, >20
copies. Other prognostic factors were dichotomized as steroid receptor
negative versus steroid receptor positive (using 3 and 5 fmol/mg protein
for ER and PgR, respectively), the number of positive axillary lymph
nodes (1-3 versus >3), tumor size (<2 versus >2 cm), and age (<50
versus >50 years).3 Correlations between HER-2/neu amplification and
other prognostic factors were evaluated using x2 tests for trends. The
primary end points in this study were disease-free survival and overall
survival. Disease-free survival was defined as the interval between the
diagnostic biopsy and the first recurrence of breast cancer. Patients
who died without documented disease recurrence were considered cen-

3The abbreviations used are: ER, estrogen receptor; PgR, progesterone recep-
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Table 1 Amplification ofHER2/neu in primary breast cancer Table 2 Comparison between Ã©valuableand unevaluable patients

Ref.Slamon

et al.(1)van
de Vijver et al.(2)Varleyrta/.

(3)Venter
et al.(4)Cline

et al.(5)Zhou
et al.(6)Berger

et al.(7)Tal
et al.(8)Ali
et al.(9)Fontaine

Ã©tal.(Il)Zhou
Ã©tal.(12)Zeillinger

er a/.(13)Tsudaer
a/.(14)Slamon

cr Â«/.(15)King
etal.(16)Roef
a/.(17)Allunile

ciÂ«/.(IS)Garcia
et al.(19)LaCroix

et al.(20)Tavassoli
<â€¢(Â«/.(2 1)Yamada

et al.(22)Borg
et al.(23)Heintz

fi al.(24)Hanna
ff a/.(25)Uehara
et al.(26)TotalAil53/189(28)"15/95(16)7/41

(17)12/36(33)8/53(15)15/86(17)13/51

(25)2/21
(10)12/122(10)7/15(46)17/157(11)52/291

(18)28/176(16)146/526(28)12/61

(20)13/66(20)45/219(21)27/125(22)5/42(12)15/52

(29)10/50
(20)42/279(15)17/50(34)16/66

(24)19/123(15)608/2992

(20)PatientsNode-positive44/133(33)6/41

(15)6/25
(24)3/15(20)8/35

(23)8/37
(22)7/17(41)8/75(11)5/11(45)10/89(11)20/104(19)101/345(29)4/26(15)18/98(18)12/55(22)2/30(7)11/25(44)10/31

(32)22/120(18)10/29(34)14/76(18)329/1417(23)Node-negative4/34(12)6/44(14)0/9

(0)4/16(25)0/14

(0)1/21
(5)5/26(19)0/1

(0)6/68
(9)8/72(11)45/181

(25)8/35
(23)13/66(20)25/111

(23)14/66(21)3/12(25)4/27(15)0/19(0)20/159(13)7/21

(33)16/66(24)5/47(11)194/1115(17)

* Number of patients/total number of patients. Numbers in parentheses, %.
The numbers for all patients do not necessarily equal the sum of node-positive
and node-negative patients because nodal status was not known for all patients.

sored for disease-free survival but were included as deaths when analyz
ing overall survival. Curves for disease-free and overall survival were
calculated according to the method of Kaplan and Meier (28). The
differences between curves were assessed with the log-rank test for
censored survival data (29). The partially nonparametric regression
model of Cox (30) was used to evaluate the predictive power of various
combinations of prognostic factors in a multivariate manner.

RESULTS

A total of 662 frozen nuclear pellets obtained after perform
ing steroid receptor assays on frozen biopsy specimens from
patients with primary breast cancer were selected for inclusion
in this study (323 from patients with node-negative breast
cancer and 339 with node-positive disease). DNA was success
fully extracted from 362 (55%) of these samples. The primary
reasons for failure to obtain DNA were (a) too few viable cells,
and (Â¿>)degradation of the DNA that was extracted. There were
no significant differences between patients with Ã©valuableHER-
2/neu results and patients without results with respect to num
ber of positive axillary lymph nodes, ER status, PgR status,
tumor size, and the administration of chemotherapy (Table 2).
Slightly more patients with Ã©valuableresults received endocrine
therapy (29%) compared to patients without results (21%) (P
= 0.01), but this did not translate into significant differences
between the two groups of patients with respect to either
disease-free or overall survival.

The overall HER-2/neu amplification rate for the 362 Ã©val
uable patients was 33% (30% for node-negative patients; 31%
for patients with 1-3 positive nodes; 40% for patients with >3
positive nodes). This compares favorably with the results in our
original group (28% for patients with 1-3 positive nodes and
51% for patients with >3 positive nodes). HER-2/neu amplifi
cation was not associated with lymph node status, ER status,
PgR status, age of the patient, or administration of adjuvant
endocrine or chemotherapy (Table 3). There was a trend for

FactorPositive

nodes01-34+ER

status-+PgR

statusâ€”+Tumor

size(cm)<2>2Age

(yr)<50>50ChemotherapyNoYesEndocrine

therapyNoYes5-yr

disease-freesurvival5-yr
overall survivalEvaluable177(49)Â°99

(27)86
(24)92

(25)270(75)163(45)199(55)126(35)236

(65)155(32)247

(68)246

(70)107(30)250(71)104(29)74

Â±3%*88

Â±2%Unevaluable146(49)86

(29)68
(23)83

(28)217(72)145(48)155(52)116(39)182(61)79

(36)221
(74)218(73)82

(27)238

(79)62(21)68

Â±3%83
Â±2%P

value0.910.510.400.270.130.400.010.210.23

* Numbers in parenthÃ¨ses, i
* Actuarial estimate Â±SD.

Table 3 HER-2/neu gene copy number by prognostic factor

Copies

Factor Single 2-5 5-20 >208 Total
Positive nodes (P =0.42)Â°01-34+ER

status (P =0.24)â€”+PgR

Status (P =0.38)â€”+Tumor

size (cm) (P =0.06)<2>2Age

(yr) (P =0.29)Â£50>50Chemotherapy

(P =0.92)NoYesEndocrine

therapy (P =0.48)NoYes123(70)*68

(69)52
(60)65(71)178(66)1

11(68)132(66)85

(68)158(67)87

(76)156(63)158(64)77

(72)173(69)63(61)34(19)18(18)17(20)13(14)56(21)27(17)42(21)28

(22)41(17)14(12)55

(22)52(21)16(15)45(18)23

(22)13(7)6(6)12(14)5(5)26(10)14(9)17(9)11

(9)20(9)9(8)22(9)25(10)6(6)18(7)13(12)7(4)7(7)5(6)9(10)10(4)11(7)8(4)2(2)17(7)5(4)14(6)11(5)8(8)14(6)5(5)177998692270163199126236115247246107250104

* P values by x2 test for trend.
* Numbers in parentheses, %.

larger tumors to have increased numbers of copies of the HER-
2/neu gene (P = 0.06).

Adjuvant systemic therapy (chemotherapy plus or minus
endocrine therapy) was administered to 78% of the node-
positive patients but to only 20% of node-negative patients.
There was a tendency (P= 0.10) for node-positive patients who
received adjuvant endocrine therapy to have had an amplified
HER-2/neu gene (39%) compared to untreated patients (31%),
but administration of chemotherapy was unrelated to amplifi
cation of the gene. In contrast, only 15% of node-negative
patients who received adjuvant chemotherapy had an amplified
gene compared to 33% who were not treated (P = 0.055).

A total of 362 patients had Ã©valuableHER-2/neu results. The
median follow-up of these patients was 75 months (83 months
for patients still alive at the time of analysis). Disease-free and
overall survival are displayed in Fig. 1 and 2, respectively, by
the number of copies of the HER-2/neu gene. Log-rank tests
comparing the four groups of patients (single copy, 2-5 copies,
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00

2-5 Copies (n=69)

Single Copy
(n=243)

5-20 Copies (n=31)

12 24 36 48 60 72

Time (months)

> 20 Copies (n=19)

84 96

Fig. 1. Disease-free survival (DPS) by number of copies of HER-2/neu gene.
Amplification of HER-2/neu did not correlate with disease-free survival for 362
patients with median follow-up of 75 months. The P values for log-rank tests
were: 0.15 when the four groups were compared; 0.74 when single copy was
compared to >2 copies; 0.21 when <5 copies were compared to >5 copies; 0.07
when copy number was coded 1, 2, 5, or 20 as a continuous factor: and 0.42 when
copy number was coded 1, 2, 3, or 4 as a continuous factor.

Consistent with the results for the combined analyses, HER-
2/neu amplification was not a significant predictor of clinical
outcome for the 177 patients with node-negative disease, either
as a single factor or in multivariate analyses (Fig. 3). In fact,
node-negative patients with amplified HER-2/neu had slightly
better clinical outcomes than patients with a single copy of the
gene. Similarly, gene amplification was not predictive of patient
outcome in the 185 node-positive patients (Fig. 3). When copy
number was analyzed as a continuous factor, a marginally
significant trend was observed between gene copy number and
disease-free survival (P = 0.11), but no relationship was found
for overall survival (P = 0.39). In multivariate analyses, the
number of positive nodes was the most important predictor of
disease-free survival (P = 0.0042), and HER-2/neu amplifica
tion remained only marginally significant (P = 0.10). ER status
and the number of positive nodes were the only significant
predictors of overall survival. This is in contrast to our original
group of 86 node-positive patients in which HER-2/neu ampli
fication was the most important predictor of both disease-free
and overall survival.

3
5
o

0.6

0.4

0.2

0.0

,_ 2-5 Copies (n=69)

3 1- 5-20 Copies
(n=31)

Single Copy (n=243)

> 20 Copies (n-19)

12 24 36 48 60

Time (months)
72 84 96

Fig. 2. Overall survival (OS) by number of copies of HER-2/neu gene. Ampli
fication of HER-2/neu did not correlate with overall survival for 362 patients.
The P values for log-rank tests were: 0.37 when the four groups were compared;
0.33 when single copy was compared to >2 copies; 0.90 when <5 copies were
compared to >5 copies; 0.48 when copy number was coded 1, 2, 5, or 20 as a
continuous factor; and 0.75 when copy number was coded 1, 2, 3, or 4 as a
continuous factor.

5-20 copies, >20 copies) indicate that the gene copy number
did not correlate with either disease-free or overall survival (P
= 0.15 and P = 0.37, respectively). Similar results were observed
using other representations of amplification to predict disease-
free or overall survival: single copy versus multiple copies (P =
0.74 and P = 0.33); <5 copies versus >5 copies (P = 0.21 and
P = 0.90); copy number as a continuous factor coded 1, 2, 5,
or 20 (P = 0.07 and P = 0.48); copy number as a continuous
factor coded 1, 2, 3, or 4 (P = 0.42 and P = 0.75).

Multivariate analyses (Table 4) revealed that lymph node
status, PgR status, and tumor size predicted disease recurrence,
but only tumor size was statistically significant for predicting
overall survival. After adjustment for other prognostic factors,
HER-2/neu amplification was not a significant predictor of
either disease-free or overall survival regardless of how gene
amplification was represented in the models.

Since the only significant correlations that have been de
scribed in the literature between HER-2/neu amplification and
clinical outcome are in patients with positive axillary lymph
nodes, we next performed subgroup analyses by lymph node
status.

DISCUSSION

The HER-2/neu gene was amplified in 33% of our primary
breast tumors. This is consistent with our previous series of
patients (1) but is slightly higher than many of the reports in

Table 4 Vnivariate and multivariate analyses of disease-free and overall survival
for 362 patients"

Disease-free survival Overall survival

FactorLymph

nodestatusPgR

status(positivevs.
negative)Tumor

size (<2vs.>2cm)HER-2/neu

(1, 1;2,2-5;
5, 5-20;20,>20)Age

(<50 vi.>50yr>ER

status(positivevs.
negative)P

value0.00350.0240.0160.0730.480.64Pvalue0.0080.0200.0810.200.440.48RR*lvalue1.66

0.0751.53

0.491.43

0.0060.480.670.65P

value0.180.580.0070.770.640.85RR1.92

"Follow-up median (range): all patients, 71 months (1-163); still alive, 83
months (1-163).

* RR, relative risk defined as last category relative to first category.

N-, Amplified (n=54)

N-, Single Copy (n-123)

N+. Single Copy
(n=120)

N+. Amplified (n=65)

36 48 60

Time (months)

Fig. 3. Disease-free survival (DPS) by axillary lymph node status by amplifi
cation of HER-2/neu gene. Node-negative patients with HER-2/neu amplification
had marginally better disease-free survival than patients with single copy of the
gene (P = 0.10). Amplification of HER-2/neu did not correlate with disease-free
survival for node-positive patients (P = 0.43).
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the literature (Table 1). It might be argued that our choice of
p53 as a standard of comparison might artificially inflate our
amplification rate since there is now evidence that alterations
of the p53 gene can occur in human breast cancer (32, 33). We
have addressed this issue previously (10) by using separate
probes for myeloperoxidase and p53. The p53 gene is found on
the short arm of chromosome 17, while the myeloperoxidase
gene is found on the long arm of chromosome 17 near the
HER-2/neu gene. The use of both probes provided an assess
ment of the tumors for duplication of either all or part of
chromosome 17 and thus addressed any increase in signal
resulting from duplication of the chromosome. In no case that
was called amplified did we find evidence for chromosomal
duplication. Furthermore, if one alÃelefor p53 was deleted, this
would result in a maximum possibility of overestimating HER-
2/neu copy number by a factor of 2. However, the presence of
DNA from normal cells present in every breast tumor specimen
with normal alÃelesfor p53 would dilute this potential over
estimate to a factor of always <2.

Amplification of the HER-2/neu gene was independent of
the axillary lymph node status, the steroid receptor status, and
the age of the patient but was weakly related to the size of the
primary tumor. There is little agreement in the literature con
cerning the relationships, or lack of relationships, between
HER-2/neu amplification and other prognostic factors. Some
studies have found no association between gene amplification
and lymph node status (6,12, 14, 15, 19, 24), while others have
reported a weak relationship ( 1, 5, 7,21 -23, 26). Several studies
have reported an association with steroid receptor status (7, 13,
18, 19, 23, 24), but others have failed to confirm this (1,6, 12,
22, 26). None of the studies have found relationships with age,
and only two have reported a correlation with tumor size (23,
26).

The strong correlations between HER-2/neu amplification
and disease-free and overall survival that were observed among
our original cohort of 86 node-positive patients could not be
confirmed in this new group of patients. The actuarial 5-year
disease-free survival probabilities for the patients in this study
were 70 Â±3% and 65 Â±5%, respectively, for patients with
unamplified and amplified tumors. However, before concluding
that HER-2/neu is not a significant prognostic factor for pa
tients with primary breast cancer, one must be assured that the
sample size is sufficient to justify such a conclusion. With 362
patients at risk for recurrence for at least 5 years, we would
have approximately 80% power to detect a 15% difference in
5-year relapse rates between patients with amplified and un
amplified tumors [using a two-sided test of proportions at the
5% level of significance adjusted for a 30% amplification rate
(31)]. Ideally, a strong prognostic factor should separate pa
tients into distinctive categories with different probabilities of
relapse. While differences <15% may be important from a
biological point of view, they would only be of marginal utility
from a clinical point of view.

The results for the 177 node-negative patients were unambig
uously negative. HER-2/neu amplification was not associated
with either disease-free or overall survival in either univariate
or multivariate analyses. This finding is in agreement with all
of the published reports that have attempted to correlate HER-
2/neu amplification with disease outcome in node-negative
patients. Although the univariate results for the 185 node-
positive patients were marginally significant (P = 0.07), the
significance was not retained in multivariate analyses. This is
consistent with the report of Borg et al. (23) in which the strong

correlations observed in univariate analyses disappeared in mul
tivariate analyses. Other studies have demonstrated significant
associations between HER-2/neu amplification and clinical out
come, however, these findings have been confined to node-
positive patients (1,3, 14-16).

The poor evaluability rate of DNA extraction (55%) suggests
that routinely analyzing nuclear pellets for amplification of the
HER-2/neÂ« gene will have little clinical utility. One might
anticipate greatly improved evaluability rates for fresh tumors
or frozen tumor powders, but the technical aspects of the assay
may continue to limit its usefulness. However, these limitations
may not apply to other techniques for measuring oncogene
abnormalities. For example, several investigations have exam
ined the significance of mRNA expression measured by North
ern blots (15, 16, 21), and protein expression measured by
Western blots or immunohistochemical staining (4, 7, 15, 20,
22, 23, 25, 26, 34-45). Recent reports indicate that, while gene
amplification is usually accompanied by protein overexpression,
there is a significant percentage of tumors with a single copy of
the gene that overexpress the protein product (15, 20, 25, 26,
41). Thus, measurement of protein expression may provide a
better indicator of patient outcome.

A limitation of our study is the uncontrolled administration
of adjuvant hormonal or chemotherapy to specific patients.
Even though treatment decisions could not have been based on
HER-2/neu amplification status, it is conceivable that treat
ment could have confounded the clinical correlations for spe
cific patients. Van de Vijver et al. (35) speculated that over-
expression of the HER-2/neu gene might be an early step in
the development of the tumor rather than an indicator of
increased metastatic potential. This would be consistent with
the finding of Heintz et al. (24) who observed an association
between HER-2/neu amplification and increased mitotic activ
ity. If overexpression or amplification of the gene is associated
with an increased growth fraction, then one might hypothesize
that S-phase-specific chemotherapeutic agents might be partic
ularly effective against such tumors. The best way to test this
hypothesis is to simultaneously measure proliferative rate and
HER-2/neu amplification and/or expression in a prospective,
randomized clinical treatment study. Such studies are now in
progress in the United States.
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