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Human Breast Cancer: Correlation of
Relapse and Survival with Amplification

of the HER-2/nex Oncogene

DENNIS J. SLAMON,* GARY M. CLARK, STEVEN G. WONG, WENDY J. LEVIN,
AxBL ULLRICH, WILLIAM L. MCGUIRE

The HER-2/neu on e is a member of the erbB-like
oncogene family, and is related 0, but distinct from, the
idermal growth factor . This gene has been
shown to be amplified in human beeast cancer cell lines.
In the current study, alterations of the gene in 189
primary human b east cancers were investigased. HER-2/
neu was found to be amplified from 2- to Pmm:r thap 20-
fold in 30% of the umors. Correlation of gene amplifica-
tion with several disease parameters was evaluated. Am-
plification of the HER-2/ncx gene was a significant p c-
dictor of both overall survival and time to relapse in
patents with b cast cancer. It cemined its significance
even when adjustnments were made for other known
Eart:lgnostic factors. Moreover, HER-2/nex amplification
greater p ognostic value than most currently used
prognostic factors, including hormonal- r swatus,
in lymph node—positive disease. These data indicate that
this gene may play a role in the biologic behavior and/or
pathogenesis of human b east cancer.

HE EVIDENCE LINKING PROTO-ONCOGENES TO THE INDUC-

tion or maintenance of hwnan malignancies is largely cir-

cumstantial, but has become increasingly compelling. This
circumstantial evidence is derived from studies of animal models,
tumor cell lincs, and actual human tumors. Data from animal models
and cell lines include: (i) sequence homology between human proto-
oncogenes and the viral oncogenes of transforming retroviruses that
are known to be tumorigenic in some specics (1, 2); (ii) cansfcdon
studics showing the mansforming potential of proto-oncogenes in
NIH 3T3 cells and primary embiyo fibroblasts (3—5); and (iii) the
central role of certain proto-oncogeass in tumorigencsis by chronic
transfoaning eexroviruses such as avian leukosis virus (6). Data from
human tumors include: (i) inareased expression of specific proto-
oncogenes in some human malignancies (7, 8); (ii) localizaton of
proto-oncogenes at or near the site of specific, tumor-associated
chromosomal translocations (9); and (iii) amplification of proto-
oncogenes in some hwnan tumors (10, 11).

Additional data linking proto-oncogenes to cell growth is their
expression in response to certain proliferation signals (12, 13) and
their expression during embryonic development (14, 15). More
direct evidence comes from the fact that, of the 20 known proto-
onoogenes, three are related to a growth factor or a growth factor
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aansforming gene of the simian sercorna virus and is the B chain of
platelet-derived growth €actor (PDGF) (16, 17); c-fins, which is
homologous to the aansforming gene of the feline sareoma virus
and is closely related to the maarophage colony-stimulating factor
receptor  (CSE-1R) (18); and c-eréB, which encodes the EGF
reocptor (EGFR) and is highly homologous to the transforming
gene of the avian ecytheoblastosis virus (19). The two receptor-
related proto-oncogencs, c-fins and c-¢76B, are members of the
tyrosine-specific protein kinase family to which many proto-onco-
genes belong.

Rexently, a novel transfurming gene was identified as a result of
taansfection studics with DNA fitom chemically induced rat ncu-
roglioblastomas (20). This gene, called nex, was shown to be related
to, but distinct from, the c-er4B proto-oneogene (21). By means of
v-¢erbB and human EGFR as probes to saeen human genomic and
complementary DNA (cDNA) libraries, two other groups indepen-
dendy isolarcd human erbB—related genes that they called HER-2
(22) and c-erbB-2 (23). Subsequent sequence analysis and chromo-
somal mapping studics revealed all theee genes (mex, c-erbB-2, and
HER-2) to be the same (22, 24, 25). A fourth group, also using v-
erbB as a poobe, idendified the same gene in a mammary carcinoma
cell line, MAC 117, where it was found to be amplified five- to ten-
fold (26).

This gene, which we will call HER-2/nex, encodes a new member
of the tyrosine kinase family; and is closely related to, but distinct
from, the EGFR gene (22). HER-2/neu differs from EGFR in that it
is found on band q21 of chromasome 17 (22, 24, 25), as compared
to band pli-pl3 of chromosome 7, where the EGFR gene is
locased (27). Also, the HER-2/neu gene generates a messenger
RNA (mRNA) of 4.8 kb (22), which differs from the 5.8- and 10-
kb transanipts for the EGFR gene (28). Finally, the protein encoded
by the HER-2/meu gene is 185,000 daltons (21), as compared to the
170,000-dalton protein encoded by the EGFR gene. Conversely, on
the basis of sequence data, HER-2/meu is more closely related to the
EGFR gene than to other members of the tyrosine kinase family
(22). Like the EGFR protein, HER-2/nes has an exwracellular
domain, a transmembrane domain that includes two cysteine-rich
repeat clusters, and an intracellular kinase domain (21), indicating
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tha it too is likely to be a cellular recepror for an as yet unideatified
ligand.

As a result of the published data showing amplification of HER-
2/pews in a humanmanmwy arcinoma cell line, and as part of an
ongoing survey in our laborasory of proso-oacogere abnoanalives
in human tumorcs, we evaluated alterations of the HER-2/nex gene
in a latge saries of human pamary breast cancers. Our cosubs show
thar amplificanion of this gene oocurs celatively froquently in breast
ancer, and that it is assodarsd with disease elapse and ovenall
pagient sutvival.

Facrors that arc known to be imporant in the prognasis of breast
malignandes in individual padenss include: size of the pramary
tumor, stage of diseasc at diagnosis, hormonal rcccpor status, and
oumbcer of axillary lymph nodes involved with disease (positive
nodes) (29). The current study, which was conducted in two parts,
involved the evaluation of tissuc from 189 scparase breast malignan-
cies that were part of a breast cancer study ongoing at the Uaiversity
of Texas, San Antonio. This cobort of tumocrs was of intcrest
because considerable informadon was available on the majority of
the specimens including size of the primary tumor, estrogen recep-
tor Status, progesterone reccptor status, age of patient, discase stage,
and status of the axillary lymph nodes.

In the initial survey, tissuc from 103 breast cancers was
evaluated for alerations in the HER-2/mes gene. DNA from
individuzl tumors was as described (30), digesrad with
Eco R1, and subjected to Southern blot analysis with a **P-labeled
HER-2/nes-1 probe, which is known to derocr a 13 kb hybridizing
band in human DNA (22). Examples of tumocs from the initial
survey are shown in Fig. 1. Of the 103 samples cxaminad, 19 (18%)
showed cvidence of HER-2/new gene amplification. The degree of
amplifcadon in individual cases was dermined by dilution analysis
(Fig. 2A), as well as soft laser densi ing. To dexcrmine
that the amount of DNA loaded in cach lane was equivalere, all
Glrers were washed and rechybridized with a 32P-labeled arginace

gene probe (31). This probe idarifies a 15-kb hybridiziag band on
EooRI—digmai human DNA, and was sclected as a control
beeausc it morc appropriatcly assescs the celadve amaumt and

Fig. 1. Analysis of alteragions of the HER-2/new .2 34 S °
in hwnan beease cancer. Shown are 79 ofthe  Sugd . &
89 breast cumors used in this . Tumoes ! #

with a single cop of ER-2/mew: 3, 4, lOtolS
20, 23 to 25, 27to 29, 31, 38, 42 10 46, 48, 49,
52, 55, 61, 65, 66, 71, 72, and 74. Tuoors with
two to fivecopicsof ER-2/mew: 1,2,5, 7,9, 16,
17,19, 21, 22, 32, 35, 36, 47, 50, 54, 56 to 58,
60, 62, 70, and 75 to 77. Twuaors with 5 o 20
copics of HER-2/neu: 6, 8, 26, 34, 37, 39 to 41,
51, 53, 63, 64, 67, 69, 73, and 79. Tumors with
roore than 20 of ER-2/new: 18, 30, 33,
59, 68, and 78. Examples of tumors 77 to 79 have
carangems in the HER-2/mew gene. DNA
was aaracsed from Gssucs and with Eco
RI as descaribed (30). A wotal of 12 pg of Eco RI-
DNA was loaded onto 0.8% agarase

gels, sprard by and transferrad
auto aylon filter papers (Bi ) (30). All filrers
weye baked in 2 vacmo oven for 3 bouss at 80°C,

prehrybndiaed in 5% SSC (standard saline Gtrate)

ining 50% formamide, 10% dextran sulfare,
omssng denatured salmon sperm DNA (1 mg/
nﬂ),andéxOuﬁnd.sol:umlbrthwn,
then in the same solution copaining
3?P-labeled nick-transtated HER-2 probe (21)

spedific activity of 1 x 10° cpm per microgram of
DNA,ZXIO‘cm::l Hybri acurred
at 42°C for 48 washing of
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sion: 2% SSC for 20 minutcs at room -
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Table 1. Association betwon HER-2/nes amplification and discax parame-
ters in 103 beeast aumors.

Number of aumors
Fado®  Single 2105 Sw20 >20 oo P
@py  copies opaes copues
Horvaonal aehe
ER+ 53 2 3 1 65 0.99
ER- 31 1 2 4 38
PgR+ 42 2 6 2 52 085
PgR- 42 1 5 3 51
Tumor sice (ETTORIS)
<2 13 1 1 0 15 0.82
2-5 34 1 5 1 41
>5 17 1 2 2 22
Unknown 20 0 3 2 25
A at diggnass (var)
=50 21 1 2 1 25 083
>80 52 2 7 4 65
Unkoovwn 11 0 2 0 13
0 30 0 3 1 34 011
1-3 20 0 1 1 22
>3 17 2 4 2 25
Unknown 17 1 3 1 22
*+Rocrpor etatas was analyzzd a9 descri d(JP)ER,mmupm#M refer
o the abaence of >3 fmol milligram of protein.
o e e e e L
Eation with ciscane by the X test. P vahurs were computed

aﬁumbmmgﬂnmnwﬂﬁm and >

amounss of high ‘molecular wright DNA (Fig. 2B). Individual

fumocs were assigned to groups connining a singje copy, 2 0 5
copics, 5 to 20 copics, and greater than 20 copies of the HER-2/new

gene (Fig. 1). Assignment of cumors to the vatious groups was done
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0.5 SSC, 0.1% SDS at 65°C. Filters were then
cxpoandtoXARerayﬁ!m(Kodak)foumora

filters under the ﬁ)llowmz oconditions in_sucoes-
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Fig. 2. (A) Evample of dilutional analysie s asscss of HER-2/xew
tion. Lanes a, g, k, and p were boaded Zugofﬁoolu—
tumor DNA. Lancals DNA trom amnor 31 (Fig. 1), which

rcﬂ-esmtsanmwmasmgkcopyofthcm-m - Lane g is
A from cumor 33, which tumor with > of the
HER-2/sew gene. Lansbtofarucmldﬂum(l 100, 1:20, 1:10,1:S,

and 1:2, eruINdy)ofd:cDNAsamplcmlancg,LaneklsDNAﬁom
turnar 35 (Fig. 1), which represents a tumor eontaining two to five copies of
the HER-2/nes Lanes h to j are serial d lutions (1:10, 1:5, and 1:2,
reslpccuvdy)oftﬁ‘f)NAmpkmlanck I.ancpstNA&omﬂmS‘i
(Fig. 1), which represents a tamor with § to 20 of the HER-2/nex
Lanes | to o are serial dibstions (1:20, 1:10, 1:5, and 1: 2, cspardve-
%tthNAmpkmhncp The filser was andhybndnmdwd)
a *P-labeled HER-2 probe as n F g. 1. (B) Emarople of arginase probe
hybndxzznnn to demonstrate that equ valent amounts of amnor DNA were
loaded into cach lane. RehybridizaGoo of filser amtaining lanes 30 to 40
(Flg 1). The filser was first str pped of [abel by n a buffec made up
S0% foomaonde, 3x SSC, and 0.1% SDS at 65°C for 20 minutes,
(olbwmgbyﬂ:reemmvewashcsomemumachmle $SC at room
t . Fileers were o t on XAR-5 film (Kodak) to
mmmw cemoval of al mdlmmcd vcgghmhybndum”mhg 1witha

32p-tabeled human arginase gene probe (31).

in a blinded éashion, in that they were made without knowledge of
discase parameters. Analysis of the dase for assodiation berween gene
amplification and a number of disease parameters was then per-
formed.

Of 103 tumors evaluated in the initial survey, there was essendially
no orelation berween gene amplificacon and estrogen receptor
status, progosterone rexptor status, size of tumocs, or age at
diagnosis (Table 1). However, when analysis was performed for
association between HER-2/nes amplification and number of posi-
tive lymph nodes, a trend was nosed. This analyxis showed that 4/34
(11%) of patients with no involved nodes, 2/20 (10%) with 1 %0 3
involved nodes, and 8/25 (32%) with >3 involved nodes had gene
amplification (P = 0.11). If these data were examined by companng
0 to 3 positive nodes versus >3 positive aodes, the correlation with
gene amplification became more significant (P < 0.05). Thus, there
was a significant inarease in incidence of HER-2/new gene amplifica-
tion in patients with >3 axillary lymph nodes involved with disease.
A multivariase regression analysis to correlase HER-2/nes amplifica-
tion with various disease paramerers idenfified the number of
positive nodes as the only significant facvor, either alone or in
combination, to cocrelase with amplification.

This initial study indicated that it might be possible %o discrimi-
nas among node-positive patients on the basis of HER-2/neu genc
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Fig. 3. Actuaria) curve for relapse in (A) oode-
ve patients wth no amplifieation versus A
node-

37 B 39 40
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amplification. It is well known that the number of positive nodes is
the best prognostic factor for disease recurrenee and survival in
j with breast cancer (29). Given the eorrelation berween
numbser of nodes positive and HER-2/nes amplification, one might
predice that amplification of this gene might also have some
tic value. No long-term follow-up dass, however, were
available on the 103 paticats analyzed in the initial study. For this
reason, a second study was conducsed on 100 breast cancer samples
from paticnis with positive axillary lymph nodes. All of the informa-
tion available for the first group of 103 patients was available for
these paticats. In addition, relapse and survival information was
available, since these cases had a median follow-up of 46 months
(range 24 to 86 monthsj. Of these 100 samples, 86 yielded sufficient
DNA for study. Amplification of the HER-2/nex gene was mea-
sured as in the initial survey, and examples of tumors from this study
are shown (Fig. 1). Amplification was found in 34/86 (40%) of
these paticats. For this larger sample of node-positive paticnts,
several statistically significant or nearly significant celafioaships were
observed. In agresment with the preliminary survey, there was an
assodation berwern number of involved lymph nodes and HER-2/
nes amplifeation (Table 2). In addition, the peesence of gene
amplificadon was correlased with estrogen receptor status and size
of prmary tumor (Table 2). Together, these two surveys yiclded
dase on 189 patients and the assoqation of HER-2/new amplifica-
tion with various disease paramcters in the combined group is
shown in Table 3.
While these correlations were of inecrest, the swong relationship

Not amplified (n=52)

Not ampiified {n =9¢}

Amplified (n=34) 4

Ampiifled (7 =11)
- >5 coples

itive paticats with any amplification (>2 0 ; ;
oopml;O;f HER-2/nex and (€) code-positive pa-
ticots with no am| versus node-positve
patients with grearer than 5 cop es of HER-2/ses.
Acmarialmmﬁ)rovmﬂsumvalm(ﬂ)uodev
positive patients with no amphﬁamn versus
node- mvc tients with lification (>2
copmr)m;f HE%: 2/neu and ?nb); noge -positive pa
dents with no amplification versus nodc-posluvc
patients with greater than 5 cop cs of HER-2/new.
Adana) cwrves for both relapse and overall sur-
vival were computed by the method of Kaplan

Overall
survival probebllity
o o
2 @

1 L

Qo
N
I
]

Not amplified (n=52)

Not amplitied (n=52)

Amplitied () =34) Amplitied ¢ =11)

>5 copies

and Meier (44) and eompared by the log rank test 0o 12 24
(42—44).
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berween HER-2/nes amplification and nodal ssacus (P = 0.002)
indicased that infovmation on amplification of this gene may
correlase with disease behavior; that is, ecurrences and survival. To
west this, univariate survival analyses were pedformed in which
amplification was compared to relapse and survival in this padent
group. A rotal of 35 patients had a cecurvence of the disease, and 29
had died at the time of the analyses. Median times %0 celapse and
death were 62 months and 69 months, respecovely. The median
follow-up time for patients still alive was 47 months, ranging from
24 to 86 months. A sosal of 71 of the 86 patients (83%) received
some form of therapy afeer masteccomy: adjuvant systemic

alone, 47%; adjuvant syssemic therapy plus losel radiation, 19%;
and lossl radiation alone, 17%. A sumong and highly swdstically
significant cocrelation was found between the degree of gene
amplification and both dme o discasc relapse (P = <0.0001) and
survival (P = 0.0011) (Table 4). Moreover, when compared in
univariate analyses 10 other parameters, amplification of HER-2/nex
was found to be superior to all other prognostic éactors, with the
exception of the number of positive nodes (which it equaled) in
predicting time to relapse and overall survival in human breast
cancer (Table 4). The association between HER-2/nes amplification
and relapse and survival can be illustrated graphically in actuarial
survival curves (Fig. 3, A to D). While there was a samcwhat
shortened time 10 relapse and shorser overall survival in patients
having any amplification of the HER-2/nes gene in their tumors
(Fig. 3, A and B), the greasest differences were found when
comparing patients with >5 copics of the gene 10 those without
amplification (single copy) (Fig. 3, C and D). Patients with grearer
than five copics of HER-2/nes had even shorser discase-free survival
times (P = 0.015) and overal survival ames (P = 0.06) when
compared to patienss with no amplification. The phcnomenon of
greater gene copy numbser correlating with a worse prognosis has
also been seen in evaluations of N-m#ye gene amplification in human
necuroblastomas (32).

To derermine if amplification of HER-2/nes was independent of
other known prognostic factors in ptedicting disease behavior,
multivariase survival analyses were erformed on the 86 node-
positive cases. Amplificanon of the gene contnued to be a strong
prognastc facror, providing additional and independent peedictive
information on both dme to relapse and overall survival in these

Table 2. Asseaation between HER-2/nex amplification and disease parame
ters in 86 breast tumors from node-positive patients.

Single 2t05 51020 >20
Facaoc* . . . Total
copy copics copics copics P

Hormenal receptor swtus
ER+ 38 21 5 1 65 0.05
ER- 14 2 4 1 21
PgR+ 31 18 4 1 54 0.14
PgR— 21 5 5 1 32

Tumor size (entomenrs)
<2 18 8 3 0 29 0.09
-5 28 12 2 1 43
>5 6 3 4 1 14

Age at diggmass (years)
<50 16 12 6 1 35 0.06
>50 36 11 3 1 51

Nembev of posicive bymph nods

1-3 31 7 5 0 43 0.06
>3 21 16 4 2 43
*ER and PgR are as described in Table 1. tSansdca analyses for arvalanian of
HER-2/nex amplif.ascon with various disease were performed by the x*
test. P values were after combining the S to 20 and >20 cases, since there

were 30 few samples in the >20 groun.
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+ HER-2/n¢x amplification with vanous
amoined

51 52 53 54 55 56 57 583 59 60 61 62 63 64 65 66
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Fig. 4. Example of rehybridiaation of filter with human EGFR probe. Filters
were stripped as in Fig. 2B, and hybridiaed with *?P-fabeled human EGFR
probe (28), as in Fig. 1. Shown arc the lower maleculzr weight bands
hybridized with *2P- abeJed EGFR probe in filter: ining lanes 51 to 66
(Fig. 1). The baods fmmr(l’:P to botnim are 2.8 2.2, and 1.8 kb, respectively.

Lane 52 is an example of a tumor showiag marked amplificarion (>50
copics) of the EGFR gene.

patients, even when other prognostic @cvos were taken inso
account (Table 4).

Rearrangement of the HER-2/nex gene was rare. Of the tos 189
nwnors evaluated, three showed evidence of rearrangement, and in
two of the three cases, the rearrangement was identical (Fig. 1, cases
77 o 79). Also, two of the cearranged HER-2/mes loci were
amplified (Fig. 1, cases 78 and 79). The incidence of HER-2/nen
rarmangemean as daxcrmined by Eco R1I digestion was too small to
atsempt smustical correladons.

To dewrmine whether the phenomenon of amplification of HER-
2/nes in breast cancer exsended to related growth factor ceccpors,
all filsers were analyzed with the EGFR probe (Fig. 4). Amplifica-
tion of the EGFR gene was found in 4/189 (2%) of the cases, and
rearrangement of the EGFR gene was found in one of those four
cascs. The incidence of EGFR amplification and ent was
too smal so arsempt swbstical correlation. Comparison of HER-2/
nex amplification (53/189 or 28%) with that of the EGFR gene
reveals the incidence of the former to be 14 times greaser than that
of the latter, indicating that the phenomenon of gene amplification
is not a general one for a relaved tyrosine kinase—specific receptor in
human breast cancer, Moreover, studies examining alterations of
two other tyrosine kinase—specific prom-oncogenes, abl and f&, in
breast cancer did not show amplification of these genes (33).
Alcerasions of non—tyrosine kinase—elased proso-oncogenes in these

Table 3. Assodiation between HER-2/new amplificarion and discase parame-
s in combuned surveys (189 patients).

2t95 510 20

>20

Single
Factar* copy  opic  copies  copies Toe Pt

Hormonal recepsor stasus
ER+ 91 23 14 2 130 0.05
ER- 45 3 6 5 59
PgR+ 73 20 10 3 106 0.06
PgR- 63 6 10 4 83

Tumor ssse (centimerers)
<2 31 9 4 0 44 0.19
2-5 62 13 7 2 84
>5 23 4 6 3 36
Uaknown 20 0 3 2 25

Age at diggnase (years)
<50 37 13 8 2 60 0.11
>50 88 13 10 5 116
Unlnown 11 0 2 13

Nwwber of pasisive lymph rodss
0 30 0 3 1 34 0.002
1-3 51 7 6 1 65
>3 38 18 8 4 68
Unbnown 17 1 3 1 22
%ER and PgR are as descarbad in Tabke 1. 1Seanstical analyses for cmelztan of
% ! were by the X

wst P vahres were after combining the cases with 5 s 20 and >2{) sovies.
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Table 4. Univariatec and multivariate analyses comparing disease-frec survival (relagse) and overall survival to prognastic factors in node-positive paticnts.

Univanase (P) Multivaniate*
Factoe
Survival Relapse Survival Relapse

Number of positive nodo 0.0001 0.0002 0.0003 (0.0938 = 0.0256) 0.001 (0.0849 + 0.0266)
HER-2/nen 0.0011 <0.0001 0.02 (0.0872 =+ 0.0388) 0.001 (0.1378 = 0.0425)
Log (PgR) 0.05 0.05

Tumor size 0.06 0.06

Log (ER) 0.15 0.10 0.03 (—0.5158 + 0.2414)

Agc 0.22 0.61

cegrexion owndel was used to evaluare the pradictive power of vaniows axnbranomn and TaraTxse of pgrograsde faoes in 2 muldvanaee manna

(Mrﬂum&mui’(wmx SE).

tumors have been examined. In a survey of 121 primary breast
malignancies, amplification of the c-myc gene was found in 38
(32%) (3¢). Ateempts to corrclate c-myc gene amplificadon with
stage of diseasc, hormonal receptor status, histopathologic grade, or
axillary node mewasmses showed no assodation. There was a statisti-
cally significant association between c-myc amplification and age at
diagnosis >50 years in a group of 95 of these patients (34). Data on
relapse and survival were not paesented in this study; however, there
was no correlation between c-myc amplification and nodal ssatus to
indicate an association with disease behavior.

The exact role of vanous proso-onegenss in the pathogencsis of
human malignancies comains unclear. One line of evidence implicat-
ing abnormalitics of these genes in human disease is association of
their amplification with tumor progrsssion in specific cancers. The
N-myc gene is frequendy amplified in human ocuroblastomas and
neuroblastoma cell lines (35, 36). Studics on the N-myc proto-
onwgene were the first to show a direct assodabon berwesn
abnormualities in a protw-oncgene and clinical behavior of a human
tumor. N-myc amplification and cxpression correlare both with stege
of disease and overall survival in patents with ncuroblastoma (10,
32, 37). Moreover the greater the N-myc gene copy numbser, the
worse the patient pcognosis for all stages of the disease (32). Taken
together, these daea indicate a role for the N-myc gene in the
pathogenesis of neuroblastoma (32).

Neuroblastoma is a relatively rarc disease with an incidence of one
per 125,000 children. Carcinoma of the breast, however, is a
common malignancy affecting one of every 13 women in the Unised
States. There are 119,000 new cases per year, and approximately
40,000 women will die of the disecasc in 1986 (38). Current
treagnent decistons for individual patients are Gequently based on
specific prognostic parameters. The major prognostic factors for
breast cancer include peesence or absence of tumor in the axillary
nodes, size of the prumary tumor, and presence or absence of
hormonal receptors (29). The current study indicaves thar amplifica-
tion of the HER-2/neu gene is a significant predictor of both overall
survival and time to relapse in node-positive paticnts with beeast
cancer. Amplification of the gene cctains its prognostic significance
in multivariate analysis, even when adjusoneps are made for other
lmnown prognostc facroes. Moreover, amplification of HER-2/new

has greater prognaostic value than mast currently used progreostc

Gcoors, including progestarone and etrogen ceceptors, and is
equivalent to and independent of the best known

prognastQme—

number of positive lymph nodes. Finally, the degyee of HER-2/nen
amplification appears to have an effect on survival, with greater copy
number being associated with a worse prognosis (Fig. 3, C and D).
A similar phenomenon has been observed for N-myc gene amplifica-
tion in human neuroblastoma (32).

The posential role of HER-2/nex in the pathogenesis of breast
cancer is unknown. Like N-mye, the correlation of HER-2/nes

amplification with disease progression indicases it may be an
role _of ather cell

imnarrant_agene in_the diceace nnncece  The
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receptors in the biology of breast cancer is well established (29, 39,
40). It is easy to speculase that a gene ensoding a pumative growth
factor ceceptor, when expeessed in inappropriate amounts, may give
a growth advantage to the cells expressing it. Aleematively, alter-
ation in the gene product itself may lead %o a critical change in the
receptor protein. A single point musation in the transmembrane
domain of the prowin encoded by the rat nex oneogene appears o
be all that is accesary for the gene to gain aransforming ability (41).
Whether this or a similar alecration is found in the amplified HER-
2/nen gene in human breast cancer will require sequence analysis of
the homologous region in the amplified human gene. In additon,
studies evaluating the oxpression of this gene at the RNA and/or
protein level will prove impormnt in desermining if HER-2/nen
amplification results in an expeceed increased gene expression. The
quesdon of amplification of HER-2/nex in mctaswatic as compared
to prumnary lesions in a given patient is important. The current study
unliaed only pamary breast tumors for analyses. It would be of
interest o determine if HER-2/new copy number is altered as the
DWDOT Mmeaswasizes. A recent study cvaluating N-myc copy number
in human small cell @arcinoma of the lung showed no difference
between pamary and mewsatic lesions (11).

The initial survey from the current study showed that 15% of
breast cancer patients with stage I disease (node-negative) have
HER-2/new amplification. Unfortunately, no long-terin follow-up
data were available for these patients. This stage [ sctdng may be an
additonal group in which HER-2/nes measuraments will have an
impact in predicting biologic behavior of the tumor, and as a result,
in design of eaunent strategy. Finally, if the HER-2/nes gene
product functions as a growth factor receptor that plays a role in the
pathogenesis of breast cancer, idendficaton of its ligand and
development of specific ansagonists eould have important therapeu-
tic implications.
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