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ABSTRACT

Drawing upon the comprehensive population-based Northern Alberta

Breast Cancer Registry containing 704 patients with histologically neg
ative axillary lymph nodes Â»ho have been followed for 5-16 years, we
have undertaken a retrospective case-control study to evaluate the utility
of genomic amplification of specific protooncogenes \c-erhB-2 (nee IIKR-
2/neu). c-erb\, c-myc. int-2, and hst-l\ as predictive indicators of clinical
outcome in node-negative disease. To this end, 115 women with node-

negative breast cancer who had recurred at any time up to 16 years
posttreatment (cases) were matched pairwise for appropriate clinicopath-

ological variables (size of primary tumor, menopausa! state, estrogen
receptor status, anniversary year of treatment, and patient age) with a
second group of 115 women (controls) selected from a cohort of 502
node-negative patients who had not relapsed during long-term follow-up.
Tumor DNA extracted from archival formalin-fixed, paraffin-embedded
tissue blocks were analyzed for protooncogcnc copy number by slot-blot

hybridization. Taking a gene copy number of 3 as the cutoff, 27 of the
230 tumor samples examined contained from 3- to 22-fold elevation in c-
erbB-2 genomic equivalents. Twenty-one of the 27 tumors amplified for
c-erhB-2 were derived from cases and 6 from controls, signifying that
18% of the node-negative patients who had relapsed harbored excessive

copies of the protooncogene in their malignant tissue compared to only
5% for the patients who had remained in remission. Accordingly, the
occurrence of amplification of c-erhB-2 proved to be a statistically signif
icant predictor of poor prognosis, especially disease-free interval (P â€”

0.006). Moreover, this genetic alteration appeared to be independent of
and to have greater predictive power than most commonly used prognostic
factors. Our findings also indicated that as a clinical test, measurement
of c-erbB-2 amplification suffers from low sensitivity; however, when >6

gene copies arc present, the test has a positive predictive value for
recurrence of 70%. Concurrent analysis of tumor DNA blots with probes
for the other four protooncogenes examined revealed that their amplifi
cation, which others have reported to arise often, especially in node-
positive disease, was seldom found even in our high-risk case group (2-
3%). In short, our data strongly suggest that amplification of c-erbB-2
may contribute to the pathogencsis of some forms of node-negative breast

cancer and thus may serve as a useful genetic marker to identify a subset
of high-risk patients.

INTRODUCTION

Structural and functional modifications in protooncogenes,
a group of phylogenetically conserved genes of diverse function
(1-3), have been consistently observed in a diverse array of
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human malignancies (4-7). This striking relationship has

prompted numerous investigators to explore the possibility that
oncogenes may be of sufficient pathogenic significance in tu-
morigenesis to serve as genetic markers for assessing prognosis.
For instance, N-wjr amplification and elevated expression

correlate with disease stage and overall survival in children with
neuroblastoma: furthermore, the more copies of N-wrr present
in the tumor cells, the worse is the prognosis, irrespective of
disease stage (8, 9). Similarly, patients with myelodysplasia
who harbor a mutated c-Ki-ra.v or c-Ha-ras alÃelein the bone
marrow are prone to develop leukemia; and c-Ha-ras and N-ras
mutations may play a role in the progression of chronic mye-

logenous leukemia from the chronic to the acute phase (6, 10,
11).

One extensive inquiry recently undertaken to incriminate
oncogenes in the cause and course of human cancer concerns
the testing of an association between alterations in specific
protooncogenes, namely, c-erhB-2 (synonymous with HER-2
or neu), c-erbA, c-myc, int-2. and hst-\, and poor prognosis for
breast cancer ( 12, 13). In one of the initial studies (14), c-erbB-
2, which encodes a M, 185,000 epidermal growth factor recep
tor-like glycoprotein with tyrosine kinase activity (15, 16), was
found to be amplified from 2- to greater than 20-fold in 28%
of the primary breast cancer patients surveyed. Moreover, it
was demonstrated that the greater the copy number of c-erbB-
2 in the breast cancer cells, the shorter were both the disease-

free interval and overall survival. This genetic change proved
to be an independent prognostic factor which appeared to have
greater predictive power than most currently used prognosti-
cators including size of primary tumor and steroid receptor
status. In later studies (17-39), however, the reported incidence
of increased c-erhB-2 copy numbers has ranged from 8 to 40%,
with a mean of 19% (17-34). In addition, genomic amplification
of the proto-oncogene or overexpression of its cognate glyco
protein has been statistically correlated with axillary lymph
node involvement (17, 21-23, 30, 34), absence of hormone

(estrogen/progesterone) receptors (23, 28, 30, 34, 39), high
nuclear grade (22, 30, 36), large tumor size (35), advanced
clinical stage (21), and poor prognosis as evidenced by early
tumor recurrence and/or shortened patient survival (19, 21, 29,
30, 38, 39), but at the same time the presence of elevated c-
erbB-2 copy numbers in tumor DNA has been judged by others

to have limited, if any. prognostic significance (18, 24-26, 32,

33, 37).
Two groups (18, 30) have observed that c-erbA, a member of

the thyroid/steroid hormone receptor gene family (40, 41), is
often coamplified with c-erbB-2 in breast carcinoma, a finding
which is not unexpected given that both genes are located on
chromosome 17q2I-22 (15, 42, 43) and thus may sometimes
be included within the same amplification unit. Unlike the
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AMPLIFIED c-erhB-2 AND NODE-NEGATIVE BREAST CANCER

situation for c-erbB-2 (15, 29), the occurrence of multiple
genomic equivalents of c-erbA. is not accompanied by a com
parable increase in the levels of the corresponding RNA (18);
this implies that amplification of c-erb\ is a fortuitous event
arising from its physical proximity to c-erbB-2, the presumed
target gene in the amplicon.

As noted for c-erbB-2 above, discrepancies in both the inci
dence of genomic amplification and its association with ac
cepted clinicopathological parameters have also surfaced for c-
niyc and for int-2 and hst-\, two angiogenesis-inducing, fibro-

blast growth factor-like genes localized in close proximity on
chromosome Ilql3 (44-46). The observed frequency of ele
vated copy numbers of c-myc has varied from 4 to 56% (mean,
17%) (17, 19, 23, 26, 30-33. 47, 48) and those for int-2 and
hst-l have ranged from 4 to 18% (mean, 12%) (30-33. 49-52)

and 12 to 18% (mean, 15%) (30. 31, 51. 52). respectively.
Where assayed (30. 31, 51, 52), int-2 and hst-l have almost
always been found coamplified with identical genomic equiva
lents, indicating their persistent coexistence in the same ampli
con. While amplification (and/or overexpression) of either c-
myc or int-2/hst-\ has been statistically linked to lymph node

positivity (23, 31, 33) and poor prognosis (19, 30), perhaps the
most notable relationships disclosed thus far have associated
increased c-myc copy number with hormone receptor negativity
(31), high tumor grade (31), and older patient age (47) and. in
contrast, int-2/hst-\ coamplification with hormone receptor
positivity (31), low tumor grade (31), and younger patient age
(30. 33), suggesting that alterations in structural integrity and
expression at certain loci may serve to delineate different sub
sets of breast carcinomas. Here again, however, these relation
ships have not been observed in similar investigations on other
tumor panels ( 17, 32, 48, 51 ).

The clinical implications of protooncogene alterations as
potential laboratory indicators of high-risk breast cancer are
far-reaching, particularly in women whose malignancy has not
spread to axillary lymph nodes. The prognosis for these node-
negative patients is generally favorable, and yet, as shown
elsewhere (53-55) and confirmed here, approximately one in
five will relapse within 5 years following surgical removal of
the primary tumor. In view of the limitations of conventional
prognostic factors (12, 13, 53, 54, 56-58), a marker which
would contribute to the identification of node-negative patients
at high risk of recurrence (despite otherwise favorable predictive
factors) would be valuable for selection of patients who would
most likely benefit from adjuvant therapy. Accordingly, reports
(14, 17-22, 25. 29-33) indicating, e.g., an incidence of c-erbB-
2 amplification (i.e., mean, 13%; range, 0-27%) in node-nega

tive patients approaching that seen in the aforementioned stud
ies of breast cancer patients as a whole, has attracted consider
able interest. The predictive significance of overexpression of
this protooncogene in node-negative patients is controversial,
however, with one investigative group finding a statistically
significant correlation with overall patient survival (38) and
three others failing to observe any association whatsoever with
breast tumor aggressiveness (29, 30. 39). Clearly, there remains
a paucity of data on disease outcome for node-negative patients
with amplified c-erbB-2 copy number, highlighting the need for
studies involving large numbers of patients with long-term
clinical follow-up. To this end, we used the well-maintained
tumor tissue repositories and extensive demographic and clin
icopathological data on patients in northern Alberta in order
to test retrospectively the hypothesis that amplification of c-
erbB-2 (and possibly c-myc, int-2. and hst-\) may be a reliable

predictor of poor prognosis for node-negative breast cancer.
Women with node-negative disease who had recurred at any
time up to 16 years posttreatment (cases) were matched for
appropriate prognostic factors with node-negative patients who
had been followed for similar periods and had not relapsed
(controls), and tumor DNA extracted from their preserved
tissue blocks was subjected to slot-blot hybridization analyses
to measure protooncogene copy numbers. The significance of
the resultant protooncogene profiles as predictors of disease
progression and their correlation with traditional prognostic
variables constitute the subject of this communication. Interim
accounts of our findings have appeared elsewhere (59. 60).

MATERIALS AND METHODS

Patients. The Breast Unit of the Cross Cancer Institute maintains a
computerized population-based registry of all women who have been

diagnosed with breast cancer in northern Alberta since 1971 (currently
totaling ~7800 patients). Detailed demographic, clinicopathological,
staging, treatment, and follow-up information can be readily accessed
to address specific questions relating to the pathogenesis and natural
history of breast cancer. A total of 704 female subjects diagnosed as
having invasive carcinoma of the breast with negative axillary lymph
nodes were registered during the 12-year period from 1971 to 1982
inclusive. This cohort formed the population base of our study group
and. inasmuch as the end point for assessing clinical outcome was
December 31. 1987, there was at least 5 years follow-up on all patients.
In keeping with the observations of others (53-55). we observed actu
arial relapse rates for the 704 node-negative patients of 18 and 27%
and deceased rates (from all causes) of 14 and 28% for 5 and 10 years
follow-up, respectively. Because of this low failure rate, it was decided

that the most practical approach to achieving the primary aim of the
present study, i.e., evaluation of the utility of protooncogene amplifi
cation as a molecular indicator of poor prognosis for node-negative
breast cancer, would be to match pairwise those patients (cases) who
had relapsed (i.e.. developed locoregional recurrence and/or distant
metastasis after initial surgery) with those (controls) who had not as
yet recurred during long term follow-up. Absence of axillary node
disease was determined by histolÃ³gica! examination of lymph nodes
resected at the time of primary treatment. Locoregional recurrence was
defined as arising in the chest wall or ipsilateral regional nodes and
distant metastasis as recurrence elsewhere.

Case-Control Selection. To control for the potential confounding
effects of various prognostic factors and other biologic variables, pair-
wise case-control matches was made by the following criteria, consid
ered hierarchically: size of primary tumor at clinical examination (T
category. T,-T(; Ref. 61): menopausal status (pre-, peri-, post-, or
unknown); ER* status (positive, negative, or unknown); anniversary

year of treatment (within 3 years: 1971 through 1982, thus giving
approximately the same potential follow-up time): and age at treatment
(within 5 years). ER concentrations were measured in breast tumor
cytosols with the use of specific ['Hjestradiol binding in a dextran-

coated charcoal assay as described elsewhere (62). ER positivity was
defined as >8 fmol of specific binding sites per mg cytosol protein.

Of the 704 entries for node-negative patients with an anniversary
year from 1971 to 1982, the registry identified 179 cases (i.e., patients
who had relapsed). 475 patients who had not had disease recurrence by
1987. and 27 who had died of causes other than breast cancer, the latter
2 groups serving as a pool (502 in total) for selection of controls to pair
with cases. The remaining 23 patients were lost to follow-up. Conse
quently. 97'V of the entire node-negative patient population was poten

tially eligible for inclusion in the study. Initially then, 179 cases were
matched with 179 controls. Of the 358 paraffin-embedded tumor blocks
sought, only 75 (48 case and 27 control specimens) were unavailable.
The 283 blocks received were first coded (i.e.. "blinded" as to whether

5The abbreviations used arc: ER. estrogen receptor; cDNA. complementary

DNA.
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AMPLIFIED c-erAB-2 AND NODE-NEGATIVE BREAST CANCER

derived from cases or controls). Upon histopathological review, 33 (16
cases and 17 controls) of the blocks were rejected due to insufficient
tumor material and a further 4 (all controls) were excluded because
only intraductal carcinoma /'/; \itit was found. In the remaining 246

samples, adequate amounts of sufficiently intact DNA were extracted
from all except 1 control, thereby permitting protooncogene profiling
on 245 specimens. After completion of the protooncogene copy number
measurements, the tumor code was broken, revealing that 115 cases
and 130 controls had been analyzed. After reassigning the most appro
priate of the 28 unpaired controls to the 13 unmatched cases, the
remaining 15 controls were removed, leaving a final tally of 230 patients
in our study. As is evident in Table 1, cases and controls were generally
distributed in the same proportion in the different categories within the
5 clinicopathological criteria used for matching. Moreover, 73 (63%)
of the 115 pairs were matched perfectly, and in 24 of the remaining 42
pairs, all except 1 (usually patient age largely because of the paucity of
patients under 40 years of age available for matching) of the 5 criteria
were concordant. These analyses indicated that there was no inherent
bias in our case-control pairing. The mean number of nodes examined
in both cases and controls was 9, ranging from 4 to 25 and 4 to 24,
respectively. For cases and controls whose tumor DNA was found
amplified for c-erbB-2. the sampling mean was 10 (range, 5-19) and
12 (range, 7-18) lymph nodes, respectively. Likewise, treatment regi
mens were essentially identical for the 2 groups. No patient received
any form of treatment prior to surgery. The vast majority of the patients
were treated for their primary tumor by either modified radical mastec
tomy (80 cases, 76 controls) or total mastectomy and sampling of the
lower axillary lymph nodes (33 cases, 36 controls). Postoperative radia
tion therapy to the axilla, supraclavicular regions, and the chest wall

Table 1 Comparison of conventional disease prognosticateâ„¢ in the northern
Alberta population-based cohort of 704 patients with the 115 cases and 115

controls selected for study

No. ofpatientsPrognosticatorT

categoryT,T,T,Menopausa!

statePrePeriPostNRrEstrogen

receptorstatusPositiveNegativeNRAnniversary

year717273747576777879808182Age

groups(yr)20-2930-3940-4950-5960-6970-79>80Cohort3063584021036419391514051347422660546864636770707311461821831699221Cases39

(7)'68(13)8(1)35

(7)5(1)74(13)1

(0)29

(3)20(4)66(14)12(3)7(0)2(0)11

(1)11
(1)1

1(3)17(5)11

(2)7(1)11

ID8(1)7(3)4(0)9(1)27(8)30

(4)30
(4)13(4)2(0)Controls42

(0)'68(6)5(0)39(2)4(0)70(4)2(0)27(1)20(1)68(4)9(1)11

(0)1
(0)13(0)9(1)14(1)10(2)9(0)12(0)12(0)11

(0)4(1)1

(0)4(0)38

(2)29(4)28(0)13(0)2(0)Survival(%)"5yr928984898790899182925886918892939010

yr86826880838482NRNR8650728482849190

" For total cohort, corrected for cause of death.
* Number in which tumor DNA was amplified for c-trAB-2.
' NR. not recorded.

was often given to those who underwent the latter surgical procedure
(13 cases, 15 controls) but seldom to those who received the former
treatment. Adjuvant hormone therapy (3 cases) or chemotherapy (2
cases, 1 control) was too infrequent to influence disease outcome.
Therefore, there was no reason to suspect that either inadequate lymph
node sampling (leading to contamination of the study group with node-
positive patients) or differing treatment modalities may have resulted
in selection bias.

The 230 patients examined have been followed from 5 to 16 years.
Median times to relapse and to death for the 115 patients comprising
the case group were 36 (range, 2-151) and 56 (range, 10-166) months,
respectively, and these times for the 179 patients originally assigned to
the case group were 33 (range, 2-151) and 59 (range. 4-203) months,
respectively. The similarity in both time to recurrence and time to death
between these two groups suggests that no obvious selection bias was
inadvertently introduced by our inability to obtain tumor DNA from
the 64 members missing from the full cohort.

Pathological Examination of Tumor Blocks. All available formalin-
fixed, paraffin-embedded tumor tissue blocks from cases and controls
were collected and forwarded to the reference pathologist. Upon receipt,
histolÃ³gica!slides, uniformly stained with hematoxylin and eosin, were
prepared, and the presence of invasive carcinoma was confirmed. The
stained slides were reviewed, assigning each a nuclear grade according
to the criteria established by Fisher et al. (63). The portion of each
tumor exhibiting the greatest cellularity. least lymphocytic infiltration,
and best preservation (i.e., minimal tissue autolysis or necrosis) was
located. This region was identified in the paraffin-embedded tissue, and
3-mm cores of material (usually three, yielding ~50 mg of tissue in

total) were removed ( with a dermal biopsy punch), coded, and for
warded for protooncogene analysis.

Measurement of Protooncogene Copy Number. DNA was isolated
from the tumor core sections following a modification of our protocol
for rapid extraction and sensitive alkaline blotting of DNA from freshly
frozen human tissue (64). After extraneous paraffin was discarded, the
sections were sliced manually into 1-2-mm fragments using a scalpel
and forceps. The fragments were suspended in 5 ml of extraction buffer
[0.1 MTris (pH 8.0)-0.2 MNaCl-0.4 Murea-10 mM cyclohexanediamine
tetraacetate-1% (w/v) jV-laurylsarcosine], after which 2.5 mg of protein-
ase K [Boehringer Mannheim Canada. Dorval, Quebec, Canada] was
added, and the reaction mixture was incubated, with continuous gentle
shaking, at 55Â°Cfor 24 h. A second equivalent concentration of

proteinasc K was added, and the incubation was continued for a further
24 h. (Note: In those few instances in which sample dissolution was
inadequate to allow DNA extraction, a third cycle of proteinase K
supplementation and 24 h incubation was performed.) Contaminating
RNA was then digested in each dissolved sample by addition of RNase
A (final concentration, ~100 uf>/m\; rendered DNase-free by boiling
for 15 min; Pharmacia, Dorval, Quebec, Canada) followed by incuba
tion at 55Â°Cfor 4-8 h. Proteinase K (final concentration, ~500 Â¿ig/ml)

was once again added to the sample and incubation was continued for
2-4 h. The digested samples were then organically extracted four times

at ambient temperature in the following sequence: once with Tris (pH
8.0)-saturated phenol; twice with Tris-buffered phcnohchloroform:
isoamyl alcohol (25:24:1); and once with chloroform:isoamyl alcohol
(24:1 ). DNA was: (a) precipitated from the aqueous solution by addition
of 0.1 volume of 2.5 M sodium acetate (pH 5.3) and 2 volumes of ice-
cold ethanol and incubated at -20Â°C for 12-24 h: (h) recovered by
centrifugation at 11.000 x g for 15 min at 4Â°C;(c) rinsed briefly in

70% ethanol; (d) dried under vacuum to eliminate excess ethanol: and
finally (e) resuspended in 10 mM Tris-HCI (pH 7.6)-1 mM EDTA.
Upon estimating the concentration of DNA spectrophotometrically (50
Mg/ml = 1.0 A2to), samples were stored at 4Â°C until further

use.
Two nonestablished dermal fibroblast strains served as standards for

the determination of tumor DNA samples of normal diploid constitu
tion (i.e., those said by convention to contain a single copy of a
particular gene): GM 38 (9-year-old healthy female), and GM 43 (32-
year-old healthy female). (Both strains were obtained from the NIGMS
Human Genetic Cell Repository, Camden, NJ.) The cultivation of these
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AMPLIFIED c-trhB-2 AND NODE-NEGATIVE BREAST CANCER

strains and the extraction of their genomic DNA have both been
detailed earlier (64).

A small portion (2-3 ng) of each DNA sample was routinely exam
ined by agarose gel electrophoresis followed by ethidium bromide
staining to verify the absence of contaminating RNA and to determine
the extent of genomic DNA degradation. To this end. unrestricted
DNA was electrophoresed on I % agarose gels with an appropriate
range of molecular weight markers, stained in buffered ethidium bro
mide, and photographed, essentially as detailed elsewhere (65). In no
instance was any difficulty encountered with RNA contamination,
indicating in retrospect that the RNase treatment was not noticeably
inhibited by the detergent (A'-laurylsarcosine) present in the buffer.

To determine gene copy number accurately and thus to detect am
plification of a particular protooncogene, DNA samples were subjected
to conventional slot-blot hybridization analysis. Five ^g of each DNA
sample were denatured by boiling for 2-3 min, then cooled to ambient
temperature, and raised to alkaline pH by addition of an equal volume
of 0.8 N NaOH. Three 2-fold serial dilutions were made in 0.4 N NaOH
and applied directly to a charge-modified nylon membrane (Biotrace
RP membrane: Gelman Sciences, Ann Arbor, MI) using a slot-blot
apparatus (Minifold II Slot-Blotter; Scheicher and Schuell. Keene,
NH), after which the samples were irreversibly fixed to the membrane
by incubation for 24 h in the presence of 0.4 N NaOH and then air-
dried. Following prehybridization. each blotted membrane was sequen
tially hybridized with eight probes: (a) 1.4-kilobase Hind\ll-Pvul\ hu
man c-erhB-2 cDNA sequence (14, 15): (h) 1.55-kilobase Pstl arginase
gene cDNA fragment of plasmid pKT218 (66); (c) 2.0-kilobase Bam\\\

human p53 antigen gene cDNA segment of plasmid php53B (ATCC
57254); (a) 3.9-kilobase EcoR\ human c-erbA DNA segment of plasmid
pHE-Al (ATCC 57334); (e) 1.2-kilobase EcoR\-Cla\ human exon 3-
specific c-myc DNA segment of plasmid pHSR-1 (ATCC 41010): (/)
2.4-kilobase Clai human c-erhB-t cDNA fragment of plasmid pE7
(ATCC 57346); (g) 1.0-kilobase Sad human int-2 genomic sequence
(encompassing putative exon 2) of plasmid pSS6 (44, 67); and (h) 0.6-
kilobase Sacl-EcoRl human hst-\ cDNA fragment (i.e., nucleotides
535-1152 of KS3 cDNA) of plasmid pKS(Sac) (68). The first and
second probes were kindly made available by Dr. A. Ullrich (Genentcch,
Inc., San Francisco, CA) and Dr. S. D. Cederbaum (UCLA), respec
tively: the next four were obtained from the American Type Culture
Collection (Rockville, MD): and the last two were generous gifts of Dr.
C. Casey (University of California at Irvine) and Dr. G. Paterno
(Memorial University of Newfoundland) through Dr. D. R. Edwards
(University of Calgary), respectively. The second and third probes
served as internal controls, the former to normalize for loading of an
equivalent amount of DNA in each slot and the latter, because of its
location on the same chromosome (No. 17) as c-erbB-2 (15. 41-43.
69), to discriminate between true gene amplification due to allelic
duplication as distinct from chromosomal duplication. Probes were
labeled to high specific activity (108-109 cpm/^g) with ["PjdCTP

(~3000 Ci/mmol) using the random hexanucleotide sequence-primed
synthesis procedure of Feinberg and Vogelstein (70). Membranes were
washed under high stringency (twice for 30 min each at 55Â°Cin 0.1 x

standard saline-citrate (3.0M NaCl-0.3M sodium citrate. pH 7.0) con
taining 0.1 rc sodium dodecyl sulfate) and autoradiographed using
XAR-5 film exposed at -70Â°C for 12-48 h with Dupont Cronex

Lightning Plus screens. The intensity of the hybridization signals was
quantitated by soft laser dcnsitometry (model I'ltrascan XL; LKB
Instruments, Montreal. Quebec, Canada).

Using the arginase gene probe to normalize for amount of slot-
blotted DNA, the number of copies of a given protooncogene was
estimated for individual tumor specimens by comparing the signal
intensity of serially diluted DNA blots of a given specimen with the
average ofthat found (taken as the single copy value) for the two normal
fibroblast strains GM 38 and GM 43. In this analysis, a tumor specimen
was categorized as amplified for a specific protooncogene if the ex
tracted DNA was found to contain at least three genomic equivalents
ofthat protooncogene. As reported by others (71, 72) and verified here
(see "Results"), considerable variation has been regularly observed in

the quality and in turn the size of the DNA recovered from archival

formalin-fixed tissue. This fluctuation in DNA size, among other

variables, can influence the signal intensity of a given probe (71 ) and,
consequently, gene copy values of <3 were regarded as indistinguishable
from single copy, a cutoff value also selected by other investigative
groups (see. e.g., Refs. 23 and 30).

Statistical Methods. The relative risk for disease progression associ
ated with protooncogene amplification for the matched case-control
study was estimated by the odds ratio using the Cox proportional
hazards regression model (73). The odds ratio was then adjusted for
the effects of nuclear grade. The Cox regression model was also utilized
to compare the fraction of tumor DNA samples containing an amplified
protooncogene in the case and control groups. The effect on prognosis
of protooncogene amplification and other disease parameters was ex
amined by a standard univariate \~ test. To determine the effect of

magnitude of protooncogene amplification on survival in the case
group, survival curves were calculated using the Kaplan-Meier estimate
(74). and the resulting curves were compared for significant differences
by the log rank test as described by Peto el al. (75). The factors used
for the initial matching of cases with controls were examined as
prognostic factors for the whole group (n = 704) by the Cox regression
model using univariate and multivariate analyses. These analyses en
abled indirect comparison of the predictive power of protooncogene
amplification with that of standard disease parameters. All P values
reported are two-sided, and values less than 0.05 are considered statis
tically significant.

RESULTS

Quality of Tumor DNA. Genomic DNA extracted from sur
gical pathology specimens stored as formalin-fixed, paraffin-
embedded tissue typically exhibits varying degrees of degrada
tion and structural modification (e.g., formation of protein-
DNA cross-links) depending upon such factors as: (a) time
between surgical removal of the tissue and its fixation in form
aldehyde; (h) use of insufficiently fixed tissue; (c) extent of
tissue necrosis; and (J) duration of fixation and storage in the
paraffin block (71, 72). Because the molecular weight of DNA,
if too small, can affect both background noise and signal inten
sity in slot-blot hybridization experiments (71), we first moni

tored each breast tumor DNA sample by gel electrophoresis
analysis to verify that extensive degradation had not taken
place. As illustrated in Fig. 1, DNA extracted from formalin-
preserved breast tissue (Lanes 1-5) was invariably of lower
molecular weight than intact, chemically unmodified DNA
obtained from freshly cultured skin fibroblasts (Lanes 6 and 7).
Whereas the fibroblast DNA was always well above the largest
size marker (23.1 kilobases). the size of the tumor DNA ranged
all the way from 0.6 to ~25 kilobases, with the bulk between 2
and 10 kilobases. Appreciable variation in the extent of DNA
degradation was observed from one tumor specimen to another
(cf. Lanes 1 and 2). No concerted effort was made, however, to

identify the factors causing this variation, although no obvious
relationship was noted between the size of a given DNA sample
and either the anniversary year of the donor (Fig. 1) or the
pathology department from which the tissue block was ob
tained.6 In general, the DNA used here was of considerably

higher molecular weight than that reported by others for archi
val colon tumors (71). We attribute this difference at least in
part to our careful selection of well-fixed viable tissue (free of
necrosis or autolysis) as the source of DNA, a practice advo
cated recently by Dubcau et al. (72). In short, DNA extracted
from the breast tumor specimens, although damaged to varying
extents, was nonetheless of sufficient quality for reliable deter
mination of protooncogenc copy number.

' I'npuhlishcd data.
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AMPLIFIED c-rrAB-2 AND NODE-NEGATIVE BREAST CANCER

1 234567 M

â€”23.1

â€”9.4

â€”6.6

â€”4.4

-2.3â€”2.0

â€”0.6

Fig. I. Ethidium bromide-stained I'V agarose gels containing unrestricted
human DNA extracted from aretina! formalin-fixed, paraffin-embedded breast
carcinoma tissue and freshly cultured skin fibroblasts. DNA was isolated, electro-
phorescd on agarose gels, and stained with cthidium bromide according to an
earlier protocol (65). Lanes /-5. representative DNA samples (5 Â¿/geach) re
covered from breast tumor tissue resected and preserved in 1979. 1972. 1982.
1982. and 1976. respectively. Lanes 6 and 7, control DNA samples (2 tig each)
extracted from GM 38 and GM 43 fibroblast cultures, respectively. Lane M
contains 3 /*g of standard DNA si/e markers (7 A DNA////HÃ•/III fragments
spanning 23.1 to 0.6 kilobases) (Catalogue No. 5612SA; Bcthcsda Research
Laboratories. Belhcsda. MD). Righi ordinate, si/e of each fragment marker.

c-erhE-2 Gene Amplification. DNA extracted from core sec

tions of 230 tumors was subjected to slot-blot hybridization to

appropriate probes followed by autoradiography. Fig. 2 depicts
representative autoradiographic results for 14 samples, includ
ing two derived from the nontransformed human fibroblast
strains GM 38 and GM 43, each containing a full complement
of genes present in normal (single) copy number. Based on the
relative intensities of the probe for the human arginase gene, it
is apparent that comparable amounts of DNA were slot-blotted
for each sample. In addition, it can be seen that the signal for
the p53 gene is of normal intensity in each tumor DNA sample,
indicating no reduplication of chromosome 17, where c-erbB-2

is located (15, 42, 43). In contrast, markedly enhanced hybrid
ization signals are evident with c-erbB-2 for four tumor speci

mens (coded as Nos. 161. 164. 166. and 144 in Fig. 2) and, to
a lesser extent, for two others (Nos. 156 and 159). It should
also be noted that the probe for c-erbA, which has been colo-
calized with c-erbB-2 on chromosome 17 (40, 41). gives a
normal signal for all samples. Hence the increased signal for c-
erbB-2 in 6 of the 12 tumor DNA samples shown in Fig. 2 is a

manifestation of true gene amplification and is not due to

isochromosomy, a type of genetic alteration sporadically found
in certain hematopoietic malignancies (76) and colon cancer
(77) in which only a single arm of a chromosome is duplicated.
Laser densitometric scanning of representative slot blots pre
sented in Fig. 2 revealed that the degree of c-erbB-2 amplifica
tion in the six tumor specimens ranged from 6 to 22 times,
with individual values as follows: No. 156, 6 copies; No. 159,
10 copies; Nos. 161, 164, and 166, 20 copies; and No. 144,22
copies. The first 5 tumor specimens were obtained from patients
in the case group and the 6th one was derived from a control
patient. Similarly, of the 230 tumor DNA samples assayed, 27
showed evidence of c-erbB-2 gene amplification at levels of 3-
fold or greater (Table 2). In contrast, hybridization analysis
with the p53 probe detected a multiple genomic equivalent in
only one tumor specimen (see below ) and that one was distinct
from those amplified for c-erbB-2, thereby excluding aneuploidy
for chromosome 17 as a possible explanation for the observed
increase in c-erbB-2 copy number in certain tumors. In a similar
vein, only 2 of the 27 tumors amplified for c-erbB-2 also
contained elevated copies of c-erb\ (see below). Almost cer
tainly, coamplification of these two protooncogenes reflected
the presence of a common amplicon (15, 42, 43) and hence
isochromosomy for chromosome 17 is not a viable mechanism
for c-erbB-2 amplification. Twenty-one of the 27 tumors am
plified for c-erbB-2 were obtained from the case group and the
remaining 6 came from the control group, indicating that 18%
of the node-negative patients who relapsed had multiple copies
of c-erbB-2 in their malignant tissue compared to only 5% for
the patients who have remained disease-free for protracted
periods. From our data, the odds ratio of disease progression
associated with c-erbB-2 amplification is 4.0 (95^ confidence
limits, 1.5-10.9; P = 0.0073), suggesting that this genetic

alteration may be a reliable predictor of poor prognosis.
Amplification of Other Protooncogenes. Typical results aris

ing from a second round of analysis of the 230 tumor DNA
blots with probes for c-erbB-\ and c-myc, e.g., are presented in

Fig. 3. Only 1 of the 12 samples appears to be amplified, i.e.,
No. 192, when probed with c-erbB-\. The presence of multiple
copies of this gene was observed in only four tumor specimens;
two, including No. 192, were derived from cases and the other
two were from control patients (see Table 3). These incidences
[~2% (2 of 115) for both cases and controls], which were too
low to attempt any meaningful statistical correlations, imply
that the occurrence of gene amplification in node-negative
breast cancer may be peculiar to c-erbB-2 and is not a hallmark
of protooncogenes coding for transmembrane tyrosine kinases
such as c-erbB-i. Likewise, the presence of multiple copies of
each of the remaining four protooncogenes examined was also
rare, ranging from total absence for c-erbA and hst-\ in the
control group to ~3% for c-myc in the case group (Table 3).

Although difficult to assess due to the small number, the level
of amplification of these protooncogenes tended to be relatively
low (i.e.. 3-11 copies) with the possible exception of c-erbB-\
for which the copy number in the 4 amplified tumors extended
from 9 to 23. Together, these data demonstrate that c-erbB-2
was the only protooncogene of the 6 examined that was ampli
fied to any significant degree in the node-negative breast cancer
population of northern Alberta, an observation which is at
variance with those reported for some other groups of patients
(see Introduction). In addition, our patient cohort appeared to
differ from others with respect to the incidence of coamplifi
cation of c-erbB-2/c-erb\ and int-2/hst-Ã¬ loci, with ours being
much lower for both presumed coamplicon units, i.e., ~1% (2
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AMPLIFIED c-erAB-2 AND NODE-NEGATIVE BREAST CANCER

Fig. 2. Slot-blot hybridization autoradi-
ograms of genomic DNA extracted from pre
served breast carcinoma specimens and probed
to detect amplification of c-erbB-2 and c-frAA
protooncogenes. Copy numbers of the arginase
and p53 genes were also measured to normal
ize for differences in amount of DNA slot-
blotted and to monitor for aberrant chromo
somal duplication, respectively, \umbers to
the left of the top 12 rows of slot blots corre
spond to those assigned blindly to paraffin-
embedded tumor blocks from node-negative
patients under survey, whereas the bottom two.
GM 38 and GM 43. denote twponormal fibro-
blast strains derived from healthy volunteers
and hence standards for singly gene-copy de
terminations. DNA samples were applied to
the nylon membrane at two concentrations.
1.25 Mg (teft columns) and 0.625 Â¿ig(righi
columns), and each autoradiogram was ex
posed for 36 h. Conditions for DNA extraction
and nylon membrane fixation, as well as probe
hybridization, autoradiography. and laser den-
sitometrie scanning, were as described in "Ma
terials and Methods."

arginase p53 C-erbB-2 C-erbA

Table 2 Amplification ofc-erbB-2 in resected tumors from case and control patients

No. of gene
copies in tumor1

=>3
>6

>12No.

ofpatientsCases9421

12
9Controls109

6
21Total203

27
14
10Odds

ratio4.00

5.99
9.03Confidence

limitsLow1.48

1.30
1.11High10.927.773.7P"0.0056

0.019
0.037P*0.0073

0.021
0.036

flCox proportional hazards general linear model comparing the number of case and control patients whose tumor DNA contained c-ÃTAB-2amplified at the levels

indicated.
* Same test as above, adjusted for nuclear grade.

Fig. 3. Slot-blot hybridization autoradi-
ograms of genomic DNA extracted from pre
served breast carcinoma specimens and probed
to detect amplification of c-myc and c-erhB-\
protooncogenes. Experimental details were as
given in the legend to Fig. 2. except that au-
toradiograms were exposed for 24 h.

30
179
195
198
192
189
188
201
183
171

200

36

GM38
GM43

arginase p53 C-myc C-erbB-1

of 27; Tables 2 and 3) versus -60% (40, 41) and 50% (2 of 4;
Table 3) versus 97% (116 of 118; Refs. 30, 31, 51, and 52),
respectively.

Because the p53 gene product is thought to have a tumor
suppressor function (78) the inactivation of which may be a

frequent event in the genesis of several common malignancies
including breast carcinoma (79), it was of interest to observe
closely the status of this gene in our tumor panel. In none of
the 230 tumor DNA samples examined was there any indication
of allelic loss of p53 (i.e., deletion of 1 of the 2 constitutive
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AMPLIFIED c-er/>B-2AND NODE-NEGATIVE BREAST CANCER

Table 3 Incidence of amplification of the other protooncof>enes examined in ease and control patients

No. ofpatientsCasesProtooncogenec-erbÃ\

c-t-rABl
int-2

A.vM
c-myc1113

113
113113

111No.

of copies intumor3-62

0
1
I
3>60211Total

amplified2(2)"

2(2)
2(2)
2(2)
4(3)1IIS

113
113us114ControlsNo.

of copies intumor3-60

01

01>602
1
0
0Total

amplified0(0)

2(2)
2(2)
0(0)
KD

1Percentage of tumors with multiple genomic equivalents.

copies of the gene), although such genomic alterations could
have conceivably arisen and gone undetected due to significant
contamination of excised malignant tissue with normal stromal
elements and inflammatory cells. As mentioned earlier, one
tumor specimen (No. 253 from a case) was found to be highly
amplified for p53, containing 22 genomic equivalents. To our
knowledge this observation is unprecedented, and efforts are
under way to assay the DNA sample for evidence of structural
alterations in the p53 gene itself or adjoining sequences.

Coamplification of Cancer Genes Found on Different Chro
mosomes. Three tumor DNA samples, all derived from cases,
simultaneously contained elevated copies of cancer genes lo
cated on different chromosomes: No. 161 amplified for c-erbB-
2 (20-fold) and int-2/hst-\ (4-fold each); No. 253 for c-myc (11-
fold) and p53 (22-fold); and No. 321 for c-erbB-2 ( 15-fold) and
c-myc (3-fold). This incidence of coamplification was too infre

quent to make any prediction of disease outcome in the cognate
patients.

Association between c-erbB-2 Amplification and Disease Out
come. As shown in Table 2, a statistically significant correlation
was observed between c-erbB-2 amplification and disease recur
rence; i.e., >3 copies were found in 21 of 115 cases versus 6 of
115 controls (P = 0.0056). This significant difference between
cases and controls was maintained at higher levels of gene
amplification (>6 copies, P = 0.019; >12 copies, P = 0.037).
The relationship between c-erbB-2 copy number and disease
outcome in the case group is depicted graphically in the survival
curves presented in Figs. 4 and 5. While little difference was
observed in either disease-free interval (P = 0.21) or overall
survival (P = 0.46) when patients without gene amplification
(n = 94) were compared with those having any amplification (n

= 21) (Fig. 4), a significant association between magnitude of
c-erbB-2 amplification and decreased survival interval was re
vealed when the survival data were stratified for gene copy-

number (Fig. 5). This tendency for patients with elevated copy
numbers of c-erbB-2 to have a worse prognosis was more
striking for disease recurrence (\2 for trend = 4.37; P = 0.04)
than for death (x2 for trend = 2.01; P = 0.16). Pairwise

comparisons of cases assigned to three subgroups containing,
respectively. 1, 3-6, and >6 genomic equivalents of c-erbB-2

provided statistical confirmation that the last subgroup of pa
tients had significantly shorter disease-free (P = 0.007) and
overall (P = 0.04) survival than did the first subgroup. On the
other hand, neither the progression-free (P = 0.71) nor the
overall survival (P = 0.46) interval for patients with low gene
amplification was statistically different than that experienced
by those with a normal gene copy. Moreover, within the case
group no association was observed between level of c-erbB-2

amplification and tumor size, ER activity, age at initial surgery,
or menopausa! status (Table 4), indicating that the prognostic
value of c-erbB-2 copy number was independent of various

=0.21

20 40 60 80 100

Monthsfromtreatment
120 140 160

10

.Â»-0.8

_
Â§.06

5 0.4

O 02

00 JL
20 40 60 80 100

Monthsfromtreatment
120 140 160

Fig. 4. Kaplan-Meier computed curves for disease-free survival (lop} and overall
survival (bottom) in cases (i.e.. patients who had relapsed) with no amplification
of c-erhB-2 Â¡ntheir resected DNA versus cases with any amplification (i.e., >3
copies) of the protooncogene.

classical disease markers. Together, these data imply that the
presence of c-erbB-2 at high copy number in primary tumors is
a powerful independent predictor of both shortened remission
and reduced life expectancy.

We next studied the relationship between nuclear grade, a
recognized histopathological predictor of disease behaviour (53,
57), and risk of relapse in our case-control cohort of 230
patients. The tendency of tumors from the case group to be of
higher nuclear grade (i.e., grade 2 versus grade 1) than those
from control patients is evident in Table 5. However, this
difference in nuclear grade between cases and controls proved
to be of only borderline significance (P = 0.03). Furthermore,
when univariate survival analysis was performed to examine
nuclear grade in relation to disease-free interval, no significant
association was found (regression coefficient, 0.3124 Â±0.2317
(SE); P = 0.18). In contrast, a similar analysis for c-erbB-2

revealed a highly significant correlation between increased gene
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AMPLIFIED c-ivAB-2 AND NODE-NEGATIVE BREAST CANCER

c-Ã/"Â¿B-2copies

1 (n=94)
3-6(n=9)

---- >6(n =l2)

=0.037

Table 5 \uclear grade of resected tumors from case and control patients

20 40 60 80 100 120

Months from treatment

c-Ã©vÂ¿B-2copies

1 (n=94|
3-6|n=9)

>6(n02)

140 160

00
40 60 80 100

Months from treatment

120 140 160

Fig. 5. Relationship between number of c-erbB-2 gene copies in tumor DNA
and disease-free survival (lop) and overall survival (bottom) for the 115 high-risk
patients in the case group.

Table 4 Relationship between c-crbB-2 amplification and several conventional
disease parameters in the case group

No. of tumorscontainingDisease

parameter"Tumor

sizeT,T2T,ER

statusPositiveNegativeUnknownAge

(yr)<50>50Menopausa!

sta
tusPre-Pcri-Post-UnknownSingle

copy3255726165232622846113-6copies171009272160>6copies660345755070P*0.390.590.170.69

" See "Materials and Methods" for descriptions of the different disease param

eters.
* Based on the x2 lest excluding the unknown categories.

copy number and reduced time in remission (regression coeffi
cient, 1.386 Â±0.500; P = 0.006). The association of c-erbB-2
amplification with a worse prognosis remained strong after
adjusting for nuclear grade using the Cox proportional hazard
regression model (regression coefficient, 1.569 Â±0.550: P =
0.004) (see also Table 2), indicating that this genetic marker is

No. ofpatientsGrade"1

2
3

Unknown
TotalCases7(0)'

80 ( 13)
27(8)

1(0)
115(21)Controls19(0)

66(4)
29(1)

1 (D
115(6)Total26(0)

146(17)
56(9)

2(1)
230 (27)F*0.03

Â°Assigned according to the criteria recommended by Fisher et al. (63).
* Based on the x! lest excluding the unknowns.
' Number in which tumor DNA was amplified for c-erbB-2.

Table 6 i 'nivariate and multivariate sun-ival analyses comparing disease-free

survival to various conventional disease prognosticateâ„¢in the northern Alberta
population-based cohort of 704 node-negative breast cancer patients

Disease-free survival

Prognostic factor" Uinvariate (P)b Multivariate (Pf

Tumor size 0.002 (0.2325 Â±0.0755) 0.002 (0.2363 Â±0.0759)
ER status 0.06 0.04 (-0.1840 Â±0.0891)
Age 0.002 (-0.0190 Â±0.0060) 0.01 (-0.0201 Â±0.0081)
Menopausa! status 0.01 (-0.1802 Â±0.0708) 0.77
Â°Consult "Materials and Methods" for descriptions of the various prognostic

factors.
* Numbers in parentheses, regression coefficient Â±SE.

both independent of and far superior to nuclear grade as a
prognosticator of disease-free survival in our node-negative
breast cancer patient population. This strong correlation be
tween c-erbB-2 amplification and disease outcome was also
independent of size of the primary tumor and ER activity since
these two other well-known prognostic factors were used to

match the case and control groups.
While our study design precluded direct determination of the

interrelationships of c-erbE-2 amplification with conventional
disease parameters, it was nonetheless informative to use the
Cox regression model to assess the powers of various commonly
used clinicopathological factors for predicting disease-free sur
vival in the entire cohort of 704 node-negative patients pre
senting from 1971 to 1982. As documented in Table 6, tumor
size (P = 0.002) proved to be the only other independent factor
comparable to c-erbB-2 for predicting high risk for relapse.
Patient age at initial surgery (P = 0.002) was also equal to the
genetic marker in the univariate analysis. This association was
undoubtedly due to exceptionally poor prognosis for patients
below age 40 (see Table 1), a conclusion reached by us earlier
(80). Interestingly, it would appear that amplification of c-erbB-
2 is not a determining factor in the low survival rates experi
enced by these young node-negative patients as only 1 of 13
cases and none of the 4 controls had multiple copies of the
protooncogene in tumor DNA (Table 1). The predictive signif
icance of age was reduced considerably on multivariate analysis.
In short, these data suggest that c-erbB-2 amplification is su
perior to several of the known disease prognosticators with the
exception of tumor size.

Examination of the anatomical sites of disease recurrence in
the 21 cases with amplified c-erbB-2 revealed that 17 of the
patients had developed distant metastatic disease, predomi
nantly in bone and/or liver. Seven of these patients had also
experienced locoregional recurrence whereas only three patients
relapsed solely at the site of the original tumor. The recurrence
site was unknown for one patient. A similar distribution of
relapse sites was observed in the remaining 94 cases without c-
erbB-2 amplification, implying that the presence of multiple

genomic equivalents of the protooncogene did not appear to
influence the site of recurrence in the cohort studied.
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AMPLIFIED c-erhB-2 AND NODE-NEGATIVE BREAST CANCER

DISCUSSION

To assist in resolving the controversy surrounding the inci
dence of amplification of c-erbB-2, c-myc, and int-2/hst-\ in
node-negative breast cancer and the potential utility of these
genetic alterations as predictors of clinical outcome, we system-
ically determined the copy number of each of these protoonco-
genes in tumor DNA from 115 case-control matched pairs
selected from a cohort of ~700 node-negative breast cancer
patients with 5-16 years follow-up. The most noteworthy ob
servation emerging from this analysis is that amplification of
c-erbB-2 is found in a much higher portion (18 versus 5%) of

the tumors from the patients who had relapsed (cases) than
from those who had not (controls) (Table 2). Accordingly, the
occurrence of this protooncogene at increased copy number is
a statistically significant predictor of both time to recurrence
and overall survival in our patient population. Furthermore,
amplification of c-erbB-2 appears to have greater predictive
power than most currently used prognostic factors with the
possible exception of tumor size which appears to serve as an
independent disease marker of equivalent prognostic value. Last
but not least, 12 of the 21 cases with amplified c-erbB-2 had 7
or more genomic equivalents and 11 of these 12 patients re
lapsed within the unusually short span of 36 months (Fig. 5,
top), implying that the magnitude of gene amplification, and

not merely its presence, may affect tumor behavior. Statistical
analysis confirmed that the presence of this protooncogene at
high copy number may, by itself, influence the natural history
of the disease.

Since c-erbB-2 encodes a putative growth factor receptor ( 15,
42), a reasonable interpretation of our results is that amplifi
cation of the normal, unaltered gene itself, and the ensuing
overexpression of the corresponding 4.6-4.8-kilobase mRNA
transcript (15, 81) and the M, 185,000 transmembrane glyco-
protein (15, 16, 42), may be a predisposing determinant, via
increased protein kinase activity, in the aggressive behavior of
some forms of node-negative breast cancer. There is compelling
corroborative evidence in experimental systems indicating that
structural or functional changes in the c-erbB-2 gene can un
derlie in vitro cell transformation to anchorage independence
(82, 83), tumorigenicity in nude mice (83), and accelerated
induction of mammary adenocarcinoma in transgenic mice (84).
Other investigators have observed, both in biopsied material
from patients with various stages of breast cancer (20, 22, 29)
and in cultured breast tumor cell lines (85), that tumors with
increased genomic equivalents of c-erbB-2 invariably contain
elevated amounts of the corresponding glycoprotein. This com
plete concordance between multiple genomic equivalents of the
protooncogene and overproduction of the cognate protein is
likewise consistent with a possible etiological role for elevated
c-erbB-2 expression in mammary tumorigenesis. It has also

been noted that some tumors with no detectable amplification
of the protooncogene still overexpress the gene product (20,
22, 29) presumably due to anomalies in mechanisms controlling
gene expression. It is thus possible that a small portion (perhaps
5-10%) of the primary tumors from the case group in particular
may contain excessive quantities of the protein in the absence
of genomic amplification of the protooncogene, inferring that
as many as 25% or so of the node-negative breast cancer patients
at high risk of relapse may be identified by assaying immuno-
histochemically for overproduction of c-erhB-2 protein in their
excised tumors.

It is instructive to compare the amplification frequencies of

the various protooncogenes examined here with those reported
elsewhere for other populations of breast cancer patients with
histologically negative axillary nodes. In the present investiga
tion, amplification of c-erbB-2 was observed in 18% of the
tumors resected from the cases and in 5% from the controls
(Table 2). Since, in our registry, patients who remained disease
free outnumbered those who relapsed by about 3:1, it can be
estimated that approximately 8% of all node-negative patients
in northern Alberta harbor multiple genomic equivalents of c-
erbB-2 in their tumor DNA. This amplification frequency is

roughly one-half the average value (13%) reported recently by
numerous other research teams who have collectively surveyed
a patient population (n = 698) that is comparable in size to the
Albertan cohort used for our case-control matching (14, 17-
22, 25, 29-33). Our incidence value of 8% is also one-third that
found by the only other groups thus far who have had more
than 100 specimens in their tumor panel (mean, 25%, n = 181,
Ref. 29; mean, 23%, n = 111, Ref. 31), suggesting that ampli
fication of c-erbB-2 may be associated with tumor development

less frequently in our population than in most others. The
discrepancy in amplification incidence between the present and
published results is more pronounced for the remaining pro
tooncogenes. Adjusting for the ratio of 3:1 control:case in our
patient population, the frequencies of increased copy numbers
of c-myc and int-2 are each 2% (Table 3). Mean values of
published data for these two protooncogenes are 31% (range,
14-48%, n = 133; Refs. 31 and 47) and 12% (range, 11-13%,
n = 300; Refs. 30, 31, and 51), respectively, indicating that
amplification of c-myc or int-2 is at least 6-fold less common

in our tumor panel than in those examined elsewhere. More
over, our disclosure that c-erb\ was present at an elevated copy
number in only 2 of 27 tumors possessing multiple genomic
equivalents of the closely linked c-erbB-2 gene is in stark
contrast with the observations of 2 other groups. Tsuda et al.
(30) detected multiple copies of c-erbB-2 in 10 of 72 tumors
from node-negative patients and c-erbA was coamplified with
the same copy number in all 10 tumor specimens. This latter
finding is consistent with an earlier one of van de Vijver el al.
(18) who demonstrated that in stage II and III breast carcino
mas, amplification of c-erbB-2 is often accompanied by in
creased copies of c-erbA (i.e., in 9 of 15 tumors). Similarly,
although our numbers are small, the rate at which int-2 and
hst-\ are coamplified may be considerably lower in the Albertan

tumor panel than in others, i.e., 50% (Table 3) versus 97% (30,
31,51,52).

There are a number of plausible explanations for the incon
sistent results on protooncogene amplification presented in this
and earlier reports. Plausible factors contributing to these dis
crepancies fall into two major categories, namely, (a) method
ological pitfalls and (b) differences in study design and com
position of the patient cohorts examined (12, 24, 25, 27, 29).
At the technical level, resected malignant breast tissue typically
contains variable amounts of normal stroma and infiltrating
lymphocytes, resulting in varying degrees of underestimation
of gene amplification in tumor DNA. As noted earlier, however,
particular care was taken to minimize the amount of normal
cellular elements in the core samples removed from the archival
blocks and therefore excessive dilution of tumor DNA cannot
account for the relatively low amplification incidences observed
in our tumor panel. A second technical difficulty arises from
the unavoidable fluctuation in the size distribution of DNA
recovered from individual tumor specimens and its associated
effect on signal intensity in slot-blot hybridization assays. Be-
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cause of this confounding variable, it will be recalled, we chose
a gene copy number of 3 as the lower limit for amplification;
in contrast, in many of the earlier studies, including several of
those recording the highest amplification frequencies (27, 29,
31 ), a sample was considered amplified if 2 or more gene copies
were detected. While it is thus probable that elevated genomic
equivalents of protooncogenes went undetected in some tumors
analyzed here, the number would have almost certainly been
too small to contribute significantly to our low amplification
rates. In all likelihood then, the reasons for the discrepancies
may be found primarily at the level of study design and cohort
composition. In addition to wide variations in such factors as
sample size and postsurgical treatment, we have conducted a
case-control study in which patients were selected from a pop
ulation-based registry representing a small geographic region
whereas most of the previous workers examined groups of
patients for which the referral bases were not as well circum
scribed geographically. There is increasing awareness that the
interaction of various ill-defined nutritional, environmental,
and genetic background factors may contribute significantly to
the evolution of breast cancer. The relative contributions of
these disparate factors and their relationship with any given
genetic alteration, such as c-erbB-2 amplification, in tumor
progression will require analyses of large tumor panels from
different geographical locations and genetic backgrounds.

To date, four reports have appeared specifically addressing
the relationship between c-erbB-2 amplification or overexpres-
sion and clinical outcome in node-negative patients with breast
cancer. In the first report in which 72 patients were followed
for 10 years, neither disease-free nor overall survival was differ
ent in patients with increased gene copy numbers compared to
those with a normal number (30). In the second study which
examined 181 patients with a median follow-up of 59 months,
no association was evident between gene amplification and
disease behavior (29). However, in the third investigation in
volving 44 patients followed for the same period, overproduc
tion of c-erbB-2 protein was shown to be predictive of overall
survival (albeit of borderline significance with P< 0.05) but not
of disease-free survival (38). However, this positive correlation
between c-erbB-2 overexpression and poor prognosis was not
observed in the fourth report containing 378 node-negative
patients with 6 years of follow-up (39). Since node-negative
breast cancer is widely recognized as a chronic disease charac
terized by an unusually extended remission period (i.e., a pro
gression rate after 5 and 10 years follow-up of only about 20
and 30%, respectively), there may not have been a sufficient
number of relapses or deaths in the relatively small numbers of
patients examined in the first three studies, at least, to disclose
the full magnitude of the association between the genetic alter
ation and the ultimate outcome of the disease. Data presented
here, using the equivalent of 700 unselected patients followed
for 5-16 years, are consistent with this interpretation. Alter
natively, c-erbB-2 overexpression may predict disease outcome
in some, but not all tumor panels, depending upon the interplay
of various ecogenetic factors. This may account for the different
results presented here in comparison to the fourth report as the
latter study was almost as comprehensive as the present one.

Approximately 100.000 women in North America alone de
velop axillary node-negative breast cancer each year, and it is
therefore germane to ask how the present findings may contrib
ute to improved management of their disease. The question as
to whether node-negative patients as a whole would benefit
from postoperative adjuvant therapy remains unresolved de

spite three decades of clinical trials including four completed
recently (86-89). In each of these recent trials, systemic treat

ment (combination chemotherapy or endocrine therapy) was
found to produce a significant improvement in disease-free
survival but no detectable gain in overall survival after follow-
up times of 3 to 4 years. While the observed effects of adjuvant
therapy on the disease-free interval appear to be significant and
almost certainly indicate that an increase in overall survival will
be observed with further follow-up (90). it can be argued that
the risk of chemotherapy does not warrant its routine admin
istration (55). An alternative approach would be to identify a
subset of node-negative patients most likely to profit from
systemic treatment and to selectively enroll them in clinical
trials (55). Current prognostic factors that might be used to
select these high-risk patients include size of primary tumor
(54, 56), steroid receptor status (91), nuclear grade (57), DNA
content (92), and thymidine-labeling index (93, 94). To explore
the desirability of adding c-erbB-2 to the list of potential prog
nostic factors for bedside application, it is necessary to extrap
olate the c-erbB-2 amplification data in our case-control study
to the original node-negative cohort, discounting the 23 patients
who were lost to follow-up. In the resulting group of 681 women
(179 cases and 502 controls), the breakdown for the number of
patients whose tumor DNA contained 1, 3-6. and >6 copies of
c-erbB-2 would be as follows: 94, 14, and 19 for the cases, and

476, 18, and 8 for the controls. If all 681 patients were subjected
to the amplification analysis, 59 positive results would be
recorded, of which 33 would be true positives (i.e., cases),
yielding a sensitivity value for the test of 18% (33 of 179) and
a positive predictive value of 56% [33 of (33 + 26)]. Using a
more rigid definition of positivity, namely, >6 gene copies, the
positive predictive value would increase to 70% [19 of (19 + 8)]
but the sensitivity would decrease to 11% (19 of 179), and only
4% [(19 + 8) of 681] of all patients tested would score positive.
While it would be advantageous if the amplification test were
to have higher positive predictivity, a value of 70% for the more
rigid definition of amplification nonetheless constitutes a con
siderable improvement over the current predictive rate of-25%
in the absence of any test. Hence the major drawback ofc-erbB-
2 amplification measurement as a routine prognostic test is its

low sensitivity, as approximately 5 of every 6 patients who are
destined to relapse would go undetected by the test. Despite
this limitation, evaluation of c-erbB-2 copy number (or from a
practical viewpoint, production of the cognate protein measured
immunohistochemically) may still prove useful as part of the
aforementioned multivariate risk assessment of patients for
entry into experimental regimens.

In summary, we have demonstrated that the presence of
increased gene copies of c-erbB-2 in tumor DNA identifies a
subset of node-negative patients with breast cancer who are at

high risk of disease recurrence and poor overall survival. The
subset singled out constitutes only a small portion (â€”18%)of
those patients prone to relapse and amplification of other
candidate protooncogenes (i.e., c-myc, int-2. hst-\. c-erbA) was
rarely associated with node-negative disease, leaving the vast
majority of the high-risk patients without any known genetic
marker. In view of the well-documented heterogeneous etiology
of breast cancer presumably involving a complex interaction of
multiple environmental and genetic determinants (12. 13), it
seems likely that mammary tumors exploit multiple genetic
pathways in their initiation and progression. Consequently, any
one gene alone might not be expected to contribute greatly to
the natural history of a substantial portion of the tumors, an
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AMPLIFIED c-frAB-2 AND NODE-NEGATIVE BREAST CANCER

interpretation supported by the current data. There may exist,
however, a limited number of genetic markers, each capable of
detecting a different subset, which collectively might serve to
pick out most of the patients with a poor prognosis. Large,
well-controlled, and comprehensive tumor panels representing
different geographic regions and genetic backgrounds, analo
gous to the northern Alberta panel used here, may be required
to identify and establish clearly the prognostic value of these
genetic markers. Studies of this magnitude are warranted as
disclosure of such markers and their role in the pathogenesis
of human mammary carcinoma promise to be of assistance for
the realization of improved management of breast cancer.

REFERENCES

1. Varmus, H. E. The molecular genetics of cellular oncogene*. Annu. Rev.
Genet.. IS: 553-612, 1984.

2. Furth. M. E.. and Greaves. M. F. (eds.). Cancer Cells. Vol. 8. Cold Spring
Harbor. NY: Cold Spring Harbor Laboratory, in press. 1991.

3. Bishop. J. M. The molecular genetics of cancer: 1988. Leukemia (Baltimore).
2: 199-208. 1988.

4. Aaronson, S. A., and Tronick, S. R. The role of oncogenes in human
neoplasia. In: V.T. DeVita. Jr.. S. Hellman. and S. A. Rosenberg (eds.).
Important Advances in Oncology 1985. pp. 3-15. Philadelphia: J. B. Lippin-
coltCo., 1986.

5. Barbacid. M. raÃgenes. Annu. Rev. Biochem.. 56:779-827, 1987.
6. Callahan. R. Retrovirus and proto-oncogene involvement in the etiology of

breast neoplasia. In: M. C. Neville and C. Daniel (eds.). The Mammary
Gland: Development. Regulation, and Function, pp. 323-351. New York:
Plenum Publishing Corp., 1987.

7. Nishimura, S., and Sekiya, T. Human cancer and cellular oncogenes.
Biochem. J.. 243: 313-327. 1987.

8. Seeger. R. C.. Brodeur, G. M.. Sather. H.. Dalton. A., Siegel. S. E.. Wong,
K. Y., and Hammond. D. Association of multiple copies of the N-myc
oncogene with rapid progression of neuroblastomas. N. Engl. J. Med.. 313:
1111-1116. 1985.

9. Brodeur. G. M.. Hayes, F. A.. Green, A. A.. Casper. J. T.. Wasson. J..
Wallach, S., and Seeger. R. C. Consistent N-myc copy number in simulta
neous or consecutive neuroblastoma samples from sixty individual patients.
Cancer Res., 47:4248-4253. 1987.

10. Hirai. H.. Kobayashi. Y., Mano. H., Hagiwara, K.. Maru. Y.. Ornine, M..
Mizoguchi. H.. Nishida. J.. and Takaku, F. A point mutation at codon 13 of
the N-ras oncogene in myelodysplastic syndrome. Nature (Lond.). 327:430-

432, 1987.
11. Liu. E.. Hjelle. B.. Morgan. R.. Hecht. F.. and Bishop. J. M. Mutations of

the Kirstcn-ras proto-oncogene in human preleukaemia. Nature (Lond.), 330:
186-188. 1987.

12. Callahan. R., and Campbell. G. Mutations in human breast cancer: An
overview. J. Nail. Cancer Inst.. HI: 1780-1786. 1989.

13. Maguire. H. C.. Jr.. and Greene. M. I. The neu (c-rrAB-2) oncogene. Semin.
Oncol., 16: 148-155. 1989.

14. Slamon, D. J.. Clark. G. M.. Wong, S. G.. Levin. W. J.. Ullrich, A., and
McGuire. W. L. Human breast cancer: Correlation of relapse and survival
with amplification of the HER-2/ncu oncogene. Science (Washington DC).
235: 177-182. 1987.

15. Coussens. L.. Yang-Feng. T. L.. Liao. Y.-C.. Chen, E.. Gray. A., McGrath.
J., Seeburg. P. H.. Libermann. T. A.. Schlessinger. J.. Francke. U.. Levinson.
A., and Ullrich, A. Tyrosine kinase receptor with extensive homology to
EGF receptor shares chromosomal location with neu oncogene. Science
(Washington DC). 230: 1132-1139. 1985.

16. Akiyama. T.. Sudo. C., Ogawara. H., Toyoshima. K., and Yanianioto. T.
The product of the human c-erAB-2 gene: A 185-kilodalton glycoprotein with
tyrosine kinase activity. Science (Washington DC). 232: 1644-1646. 1986.

17. Cline. M. J.. Battifora, H.. and Yokota. J. Proto-oncogene abnormalities in
human breast cancer: Correlations with anatomic features and clinical course
of disease. J. Clin. Oncol.. 5: 999-1006. 1987.

18. Van de Vijver, M., van de Bersselaar. R.. Devilee. P.. Cornelisse. C., Peterse.
J., and Nusse. R. Amplification of the neu (c-erbB-2) oncogene in human
mammary tumors is relatively frequent and is often accompanied by ampli
fication of the linked c-erbA oncogene. Mol. Cell. Biol.. 7: 2019-2023, 1987.

19. Varley, J. M.. Swallow, J. E., Brammar. W. J.. Whittaker, J. L., and Walker.
R. A. Alterations to either c-erhB-2(neu) or c-myc proto-oncogenes in breast
carcinomas correlate with poor short-term prognosis. Oncogene, /: 423-430.
1987.

20. Venter. D. J., Tuzi. N. L.. Kumar, S.. and Gullick, W. J. Ovcrexpression of
the c-frAB-2 oncoprotein in human breast carcinomas: Immunohistological
assessment correlates with gene amplification. Lancet. 2: 69-72. 1987.

21. Zhou. D.. Battifora. H.. Yokota. J.. Yamamoto. T.. and Cline. M. J. Asso
ciation of multiple copies of the c-erbB-2 oncogene with spread of breast
cancer. Cancer Res.. 47:6123-6125. 1987.

22. Berger. M. S.. Locher. G.W., Saurer. S.. Gullick. W. J.. V\atcrfield. M. D..

23.

24.

26.

27.

28.

29.

30.

31.

32.

34.

36.

37.

38.

39

40.

U

42

43.

45

46

Groner. B., and Hynes. N. E. Correlation of c-crÃ„B-2gene amplification and
protein expression in human breast carcinoma with nodal status and nuclear
grading. Cancer Res.. 48: 1238-1243. 1988.
Guerin. M.. Barrois, M., Terrier. M.-J., Spielmann, M., and Riou, G.
Overexprcssion of either c-myc or c-erbB-2/neu proto-oncogenes in human
breast carcinomas: Correlation with poor prognosis. Oncogene Res.. 3: 21-
31, 1988.
AM,I. U.. Campbell, G.. Lidereau, R., and Callahan. R. Lack of evidence for
the prognostic significance of c-erhB-2 amplification in human breast carci
noma. Oncogene Res., 3: 139-146. 1988.
Ali. 1. U.. Campbell, G., Lidereau, R., and Callahan, R. Amplification of c-
erbB-2 and aggressive human breast tumors? Science (Washington DC). 240:
1795-1796. 1988.
Biunno. I.. Pozzi. M. R.. Pierotti. M. A.. Pilotti. S., Cattoretti. G., and Delia
Porta, G. Structure and expression of oncogenes in surgical specimens of
human breast carcinomas. Br. J. Cancer. 57: 464-468. 1988.
Slamon. D. J.. and Clark. G. M. Response. Science (Washington DC), 240:
1796-1798. 1988.
Zeillinger. R.. Kurv. F., Czcrwenka. K.. Kubista. E., Sliutz. G.. Knogler. W.,
Huber. J.. Zielinski. C., Reiner. G.. Jakesz. R.. Staffen. A.. Reiner, A., Wrba,
F.. and Spona. J. HER-2 amplification, steroid receptors and epidermal
growth factor receptor in primary breast cancer. Oncogene. 4: 109-114.
1989.
Slamon. D. J.. Godolphin. W.. Jones, L. A., Holt. J. A., Wong, S. G.. Keith.
D. E.. Levin, W. J.. Stuart, S. G.. Udove, J., Ullrich, A., and Press, M. F.
Studies of the HER-2/neu proto-oncogene in human breast and ovarian
cancer. Science (Washington DC). 244:101-in, 1989.
Tsuda, H., Hirohashi. S.. Shimosato. Y., el ai. Correlation between long-
term survival in breast cancer patients and amplification of two putative
oncogene-coamplification units: hst-\/int-2 and c-ÃrAB-2/ÃW-l.Cancer Res.,
49: 3104-3108. 1989.
Adnane. J.. Gaudray. P., Simon. M.-P.. Simony-Lafontaine. J., Jeanteur. P..
and Theillet, C. Proto-oncogene amplification and human breast tumor
phenotype. Oncogene. 4: 1389-1395, 1989.
Zhou. D.-J.. Ahuja. H., and Cline, M. J. Proto-oncogene abnormalities in
human breast cancer: c-erbB-2 amplification does not correlate with recur
rence of disease. Oncogene. 4: 105-108. 1989.
Machotka. S. V., Garret!, C. T.. Schwartz. A. M.. and Callahan. R. Ampli
fication of the proto-oncogenes inr-2. c-i'rAB-2. and c-myc in human breast
cancer. Clin. Chim. Acta. 184: 207-218. 1989.
Heintz, N. H., Leslie, K. O.. Rogers. L. A., and Howard. P. L. Amplification
of the c-ÃrAB-2oncogene and prognosis of breast adenocarcinoma. Arch.
Pathol. Lab. Med., 114: 160-163. 1990.
Van de Vijver. M. J.. Peterse. J. L.. Mooi. W. J.. Wisman. P., Lomans. J.,
Dalesio, O.. and Nusse, R. Â«Â«-Â«-proteinoverexpression in breast cancer:
Association with comedo-type ductal carcinoma in situ and limited prognostic
value in stage II breast cancer. N. Engl. J. Med., 319: 1239-1245, 1988.
Barnes. D. M.. Lammie, G. A.. Millis, R. R., Gullick. W. L.. Allen, D. S.,
and Altman. D. G. An immunohistochcmica! evaluation of c-crAB-2 expres
sion in human breast carcinoma. Br. J. Cancer. 58: 448-452. 1988.
Gusterson, B. A.. Machin, L. G.. Gullick. W. J.. Gibbs. N. M.. Powles. T.
J.. Elliott. C.. Ashley. S., Monaghan, P.. and Harrison. S. c-erhB-2 expression
in benign and malignant breast disease. Br. J. Cancer. 5Ã„:453-457. 1988.
Wright. C.. Angus. B.. Nicholson, S., Sainsbury, J. R. C.. Cairns. J., Gullick.
W. J., Kelly. P., Harris. A. L.. and Home, C. H. W. Expression of c-erbB-2
oncoprotein: A prognostic indicator in human breast cancer. Cancer Res.,
49:2087-2090. 1989.
Tandon. A. K.. Clark, G. M., Chamness, G. C.. Ullrich. A., and McGuire.
W. L. HER-2/neu oncogene protein and prognosis in breast cancer. J. Clin.
Oncol.. 7: 1120-1128. 1989.
Dayton. A. !.. Seiden. J. R., Laws. G.. Dorney. D. J.. Finan. J.. Tripputi. P..
Emanual. B. S.. Rovera. G., Nowell, P. C., and Croce. C. M. A human c-
erb\ oncogene homologue is closely proximal to the chromosome 17 break
point in acute promyelocytic leukemia. Proc. Nati. Acad. Sci. USA. 81:
4495-4499, 1984.
Spurr. N. K.. Solomon. E.. Jansson. M.. Sheer. D.. Goodfcllow. P. N.,
Bodmer. W. F.. and VennstrÃ¶m, B. Chromosomal localisation of the human
homologues to the oncogenes erb\ and B. EM BO J.. 3: I 59-163. 1984.
Schcchter. A. L.. Hung. M.-C.. Vaidyanathan, L., Weinberg, R. A.. Yang-
Feng. T. L.. Francke. U.. Ullrich. A., and Coussens, L. The neu gene: An
crAB-homologous gene distinct from and unlinked to the gene encoding the
EGF receptor. Science (Washington DC'). 229: 976-978. 1985.

Fukushige. S.. Matsubara. K.. Yoshida. M.. Sasaki. M., Suzuki. T.. Semba.
K.. Toyoshima, K.. and Yamamoto. T. Localization of a novel v-trAB-related
gene, c-erbB-2. on chromosome 17 and its amplification in a gastric cancer
cell line. Mol. Cell. Biol.. 6: 955-958. 1986.
Casey, G.. Smith. R.. McGillivray. D.. Peters, G.. and Dickson. C. Charac
terization and chromosome assignment of the human homolog of inl-2, a
potential proto-oncogene. Mol. Cell. Biol.. 6: 502-510. 1986.
Yoshida. M. C.. Wada. M.. Satoh. H.. Yoshida. T.. Sakamoto, H., Miyagawa.
K., Yokota. J.. Koda. T.. Kakinunia. M.. Sugimura. T.. and Tcrada. M..
Human IISTKHSTF1) gene maps to chromosome band I Iql3 and coampli-
fies with the 1\T2 gene in human cancer. Proc. Nati. Acad. Sci. USA. 85:
4861-4864. 1988.
Nguyen. C.. Roux. D.. Mattei. M.-G., de Lapeyriere, O.. Goldfarb. M..
Birnbaum. D., and Jordan. B. R. The FGF-relaled oncogenes hst and ini.2.,

566

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/5

1
/2

/5
5
6
/2

4
4
5
2
9
0
/c

r0
5
1
0
0
2
0
5
5
6
.p

d
f b

y
 g

u
e
s
t o

n
 2

4
 A

u
g
u
s
t 2

0
2
2



AMPLIFIED c-Ã©rAB-2AND NODE-NEGATIVE BREAST CANCER

and the /></.! locus are contained within one megabase in band ql3 of
chromosome 11. while the/g/15 oncogene maps to 4q2l. Oncogene. 3: 703-
708. 1988. 70.

47. Escot. C., Theillet. C.. Lidereau. R.. Spyratos. F.. ChÃ¡mpeme. M.-H.. Gest.
J., and Callahan. R. Genetic alteration of the c-myc protooncogene (\1YC)
in human primary breast carcinomas. Proc. Nati. Acad. Sci. USA, S3:4834- 71.
4838. 1986.

48. Bonilla. M.. Ramire/. M.. Lopez-Cueio. J.. and Ganglio. P. In rim amplifi
cation and rearrangement of c-myc oncogene in human breast tumors. J. 72.
Nati. Cancer Inst.. HO:665-671. 1988.

49. Lidereau. R.. Callahan. R.. Dickson. C.. Peters, G.. Escot, C., and Ali. I. U.
Amplification of the int-2 gene in primary human breast tumors. Oncogene 73.
Res.. 2: 285-291, 1988.

50. Zhou. D. J.. Casey. G.. and Cline. M. J. Amplification of human int-2 in
breast cancers and squamous carcinomas. Oncogene. 2: 279-282. 1988. 74.

51. Theillet. C.. Le Roy. X.. De LapeyriÃ¨re, O.. Grosgeorges. J., Adnane, J.,
Raynaud. S. D.. Simony-Lafontaine. J.. Goldfarb. M.. Escot. C.. Birnbaum. 75.
D., and Gaudray, P. Amplification of /â€¢"GV-'-relatedgenes in human tumors:

Possible involvement of HST in breast carcinomas. Oncogene. 4: 915-922.
1989.

52. Ali. I. U., Merlo. G.. Callahan. R., and Lidereau. R. The amplification unit 76.
on chromosome Ilql3 in aggressive primary human breast tumors entails
bcl-\, int-2 and hst loci. Oncogene. 4: 89-92. 1989.

53. Fisher. E. R., Redmond. C., and Fisher. B. Pathologic findings from the 77.
National Surgical Adjuvant Breast Project (Protocol no. 4). VI. Discrimi
nants for five-year treatment failure. Cancer (Phila.). 46: 908-918. 1980.

54. Carter. C. L.. Allen. C.. and Hcnson, D. E. Relation of tumor size, lymph 78.
node status, and survival in 24.740 breast cancer cases. Cancer (Phila.). 63:
181-187,1989. 79.

55. McGuire. W. L. Adjuvant therapy of node-negative breast cancer. N. Engl.
J. Med.. 320: 525-527. 1989.

56. Fisher. B. Slack. N. H.. Bross, I. D. J., and Cooperating Investigators. Cancer 80.
of the breast: Size of neoplasm and prognosis. Cancer (Phila.). 24: 1071-
1080. 1969.

57. Fisher. B.. Redmond. C.. Fisher. E. R.. and Caplan. R. Relative worth of 81.
estrogen or progesterone receptor and pathologic characteristics of differen
tiation as indicators of prognosis in node negative breast cancer patients:
Findings from National Surgical Adjuvant Breast and Bowel Project Protocol
B-06. J. Clin. Oncol.. 6: 1076-1087. 1988. 82.

58. Paterson. A. H. G. Clinical staging in cancer. In: B. A. Stoll (ed.). Pointers
to Cancer Prognosis, pp. 37-48. Dordrecht. The Netherlands: Martinus
Nijhoff. 1988. 83.

59. Fourney. R. M.. Dietrich. K. D.. Danyluk. J.. Jamil. N.. Paterson. A. H. G..
Lees, A. W'., Krause. B.. McEwan. A.. Lukka. D. J.. Hanson. J., McBlain,

W. A., Willan, B.. Slamon. D. J., and Paterson, M. C. Use of HER-2/ncw 84.
oncogene amplification as a prognostic factor in node-negative breast cancer.
In: Abstracts of Cold Spring Harbor Meeting on Cancer Cells: The Molecular
Diagnostics of Human Cancer, p. 59. Cold Spring Harbor. NY. September 85.
7-11, 1988.

60. Paterson. A. H. G., Fourney, R. M.. Dietrich. K. D.. Danyluk. J.. Jamil. N..
Lees, A. W.. Krause. B., McEwan. A.. Lukka. H.. Hanson. J.. McBlain, W.
A., Willan. B., Slamon, D. J., and Paterson. M. C. HER-2/neu oncogene as 86.
a prognostic factor in node negative breast cancer. In: Abstracts of llth
Annual San Antonio Breast Cancer Symposium. San Antonio. November
29-30. 1988.

61. International Union Against Cancer. TNM Classification of Malignant Tu- 87.
mors. Geneva: International Union Against Cancer. 1974.

62. Molnar. L. A.. Dhirani. N.. Tran. K., and McBlain. W. A. Immunoassay for
estrogen receptor does not detect inactivated receptor. Clin. Chem.. 35: 824-
828. 1989. 88.

63. Fisher. E. R.. Redmond. C.. and Fisher. B. Histologie grading of breast
cancer. Palhol. Ann. Part 1. IS: 239-251. 1980.

64. Fourney. R. M.. Dietrich. K. D.. and Paterson. M. C".Rapid DNA extraction

and sensitive alkaline blotting protocol: Application for detection of gene 89.
rearrangement and amplification for clinical molecular diagnosis. Dis. Mark
ers, 7: 15-26. 1989.

65. Fourney. R., Fregeau. C., Middlcstadt. M., Miyakoshi. J.. and Paterson, M. 90.
C. Alkaline transfer of DNA and hybridization. In: B. Janik (ed.). Techniques
for Transfer and Binding of Proteins and Nucleic Acids to Binding Matrices. 91.
pp. 81-102. Ann Arbor. MI: Gelman Sciences. 1987.

66. Dizikes. G. J.. Grody. W. \V.. Kern, R. M.. and Cederbaum. S. D. Isolation
of human liver arginase cDNA and demonstration of nonhomology between 92.
the two human arginase genes. Biochem. Biophys. Res. Commun.. 141: 53-
59. 1986.

67. Liscia. D. S.. Merlo. Ci. R.. Garrett. C., French. D., Mariani-Costantini, R..
and Callahan, R. Expression oÃint-2 mRNA in human tumors amplified at 93.
the int-2 locus. Oncogene, in press, 1991.

68. Delli Bovi. P., Curatola, A. M., Kern. F. G.. Greco, A.. Ittmann. M.. and
Basilico. C. An oncogene isolated by transfection of Kaposi's sarcoma DNA 94.
encodes a growth factor that is a member of the FGF family. Cell. 50: 729-
737. 1987.

69. Miller. C.. Mohandas. T.. Wolf. D.. Prokocimer. M.. Rotter. V.. and Koeffler.

H. P. Human p53 gene localized to short arm of chromosome 17. Nature
(Lond.). 319: 783-784. 1986.
Feinberg. A. P.. and Vogelstein. B. A technique for labelling DNA restriction
cndonuclease fragments to high specific activity. Anal. Biochem.. 132: 6-13,
1983.
Goelz, S. E.. Hamilton, S. R.. and Vogelstein, B. Purification of DNA from
formaldehyde-fixed and paraffin-embedded human tissue. Biochem. Biophys.
Res. Commun.. 130: 118-126. 1985.
Dubeau. L.. Chandler. L. A.. Gralow, J. R.. Nichols, P. W.. and Jones. P. A.
Southern blot analysis of DNA extracted from formalin-fixed pathology
specimens. Cancer Res.. 46: 2964-2969. 1986.
Harrell. F. E.. Jr. The PHGLM procedure. In: R. P. Hastings (ed.), SUGI
Supplemental Library User's Guide, Chap. 34. pp. 437-473. Cary. NC: SAS

Institute. 1986.
Kaplan. E. L.. and Meier. P. Nonparametric estimation from incomplete
observations. J. Am. Stai. Assoc., 53: 457-481, 1958.
Peto. R.. Pike. M. C.. Armitage. P.. Breslow, N. E., Cox. D. R.. Howard. S.
V.. Mantel, N., McPherson. K.. Peto. J.. and Smith. P. G. Design and
analysis of randomized clinical trials requiring prolonged observation of each
patient. II. Analysis and examples. Br. J. Cancer, 35: 1-39. 1977.
Bloomfield. D. C.. Trent. J. M.. and van den Berghe, H. Report of the
committee on structural chromosome changes in neoplasia. Cytogenet. Cell
Genet., 46: 344-366, 1987.
Muleris. M.. Salmon. R. J.. and Dutrillaux, B. Chromosomal study demon
strating the clonal evolution and metastatic origin of metachromous colorec-
tal carcinoma. Int. J. Cancer. 38: 167-172. 1986.
Finlay. C. A.. Hinds. P. W.. and Levine. A. J. The p53 proto-oncogene can
act as a suppressor of transformation. Cell. 57: 1083-1093, 1989.
MacKay, J.. Steel, C. M.. Elder. P. A.. Forrest, A. P. M.. and Evans, H. J.
AlÃeleloss on short arm of chromosome 17 in breast cancers. Lancet. 2:
1384-1385. 1988.
Lees. A. W.. Jenkins, H. J., May, C. L., Cherian, G.. Lam. E. W. H., and
Hanson. J. Risk factors and 10-year breast cancer survival in northern
Alberta. Breast Cancer Res. Treat.. 13: 143-151. 1989.
Yamamoto. T.. Ikawa. S.. Akiyama. T.. Semba. K.. Nomura. N., Miyajima.
N.. Saito. T.. and Toyoshima. K. Similarity of protein encoded by the human
c-frAB-2 gene to epidermal growth factor receptor. Nature (Lond.). 319: 230-
234. 1986.
DiFiore, P.. Pierce, J.. Kraus. M.. Segallo. O., King. C., and Aaronson. S.
erbB-2 is a potent oncogene when overexpressed in NIH/3T3 cells. Science
(Washington DC). 237: 178-182. 1987.
Hudziak. R.. Schlessinger. J.. and Ullrich. A. Increased expression of the
putative growth factor receptor pl85HFR2causes transformation and tumor-
igenesisof NIH 3T3 cells. Proc. Nati. Acad. Sci. USA, Â«â€¢*:7159-7163. 1987.
Muller. W. J.. Sinn. E.. Pattengale. P. K.. Wallace, R., and Leder, P. Single
step induction of mammary adenocarcinoma in transgenic mice bearing
activated c-neu oncogene. Cell. 54: 105-115. 1988.
Kraus. M. H.. Popescu. N. C., Amsbaugh. S. C., and King. C. R. Overexpres-
sion of the EGF receptor-related proto-oncogene erhB-2 in human mammary
tumor cell lines by different molecular mechanisms. EMBO J.. 6: 605-610.
1987.
Fisher. B.. Redmond. C"..Dimitrov. N. V.. et al. A randomized clinical trial

evaluating sequential methotrexate and fluorouracil in the treatment of
patients with node-negative breast cancer who have estrogen-receptor-nega
tive tumors. N. Engl. J. Med.. 320: 473-478. 1989.
Fisher. B., Costantino. J., Redmond. C., et al. A randomized clinical trial
evaluating tamoxifen in the treatment of patients with node-negative breast
cancer who have estrogen-receptor-posilive tumors. N. Engl. J. Med.. 320:
479-484. 1989.
Mansour. E. G., Gray. R., Shatila. A. H., Osborne. C. K., Tormey, D. C.,
Gilchrist. K. W.. Cooper. M. R.. and Falkson. G. Efficacy of adjuvant
chemotherapy in high-risk node-negative breast cancer. N. Engl. J. Med.,
320: 485-490. 1989.
The Ludwig Breast Cancer Study Group. Prolonged disease-free survival
after one course of perioperative adjuvant chemotherapy for node-negative
breast cancer. N. Engl. J. Med.. 320: 491-496. 1989.
DeVita. V. T. Breast cancer therapy: Exercising all our options. N. Engl. J.
Med.. 320: 527-529. 1989.
Benner. S. E.. Clark. G. M.. and McGuire. W. L. Steroid receptors, cellular
kinetics, and lymph node status as prognostic factors in breast cancer. Am.
J. Med. Sci.. 296: 59-66. 1988.
Clark. G. M.. Dressier. L. G.. Owens. M. A., Pounds. G.. Oldaker. T.. and
McGurie, W. L. Prediction of relapse or survival in patients with node-
negative breast cancer by DNA flow cytometry. N. Engl. J. Med., 320: 627-
633. 1989.
Meyer. J. S., and Province. M. Proliferarne index of breast carcinoma by
thymidine labeling: Prognostic power independent of stage, estrogen and
progesterone receptors. Breast Cancer Res. Treat., 12: 191-204. 1988.
Silvestrini. R.. Daidone. M. G.. DiFronzo. G., Morabito. A.. Valagussa. P..
and Bonadonna. G. Prognostic implication of labeling index versus estrogen
receptors and tumor size in node-negative breast cancer. Breast Cancer Res.
Treat.. 7: 161-169. 1986.

567

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/5

1
/2

/5
5
6
/2

4
4
5
2
9
0
/c

r0
5
1
0
0
2
0
5
5
6
.p

d
f b

y
 g

u
e
s
t o

n
 2

4
 A

u
g
u
s
t 2

0
2
2


