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A B S T R A C T

Purpose

Increases in neu/erbB-2 have been implicated in breast cancer prognosis, but do not predict all recurrences.
On the basis of evidence that p53 mutation is involved in the development of human neoplasia, we examined
the prognostic value of p53 alterations in combination with neu/erbB-2 amplification.

Patients and Methods

A consecutive series of women were observed for recurrence and death (median follow-up of 85
months) and tumors from 543 individuals were analyzed for p53 mutation status and neu/erbB-2
amplification. Exons 4 through 10 of the p53 gene were analyzed by single-stranded conformational
polymorphism and mutations were confirmed by DNA sequencing. The association of p53 mutation
status and neu/erbB-2 amplification with risk of recurrence and death was examined in survival analyses
with traditional and histologic markers as prognostic factors.

Results

p53 mutations occurred in 24.5% of the axillary node-negative breast carcinomas. Mutations were more
frequent in carcinomas with neu/erbB-2 amplification: 38.9% compared with only 20.9% in those
without neu/erbB-2 amplification. We found elevated risks of disease recurrence and overall mortality in
patients with both p53 mutation and neu/erbB-2 amplification in their tumor compared with patients with
neither or only one of the alterations. This increase persisted with adjustment for other prognostic
factors (relative risk, 2.32; P = .002 for recurrence; relative risk, 2.22; P = .004 for death).

Conclusion

Evaluation of tumors for p53 mutations may be beneficial to identify women at higher risk of disease
recurrence and death when the tumor has neu/erbB-2 amplification, but in the absence of
neu/erbB-2 amplification, the presence of p53 mutation may not provide additional independent
prognostic information.

J Clin Oncol 22:86-96. © 2004 by American Society of Clinical Oncology

tional, histopathologic, and molecular
prognostic markers would be of value in

As a group, women with axillary node-neg-
ative (ANN) breast cancer have a good prog-
nosis; however, approximately 20% of indi-
viduals will experience a recurrence and die
from systemic disease. Although some ANN
patients may benefit from adjuvant chemo-
therapy or hormonal therapy [1-5], large
numbers of women (including those in
whom no recurrence will occur) must be
treated to benefit those destined to expe-
rience relapse. Identification of tradi-

individualizing therapy.

Amplification and overexpression
of the neu/erbB-2 proto-oncogene have
been found to be of prognostic signifi-
cance in a number of studies [6,7] (re-
viewed previously [8-10]) including our
own [11]. However, like any single prog-
nostic marker, neu/erbB-2 amplification
does not predict all recurrences and the
importance of other molecular alterations
remains to be determined.



p53 and neu Alterations in ANN Breast Cancer

Because of the role of p53 in cell cycle control, apopto-
sis, and response of cells to cytotoxic agents, there has been
extensive investigation of the prognostic value of p53 in
human breast cancer (reviewed previously [8-10,12-14]).
Many studies have shown that alterations in p53 are associ-
ated with poor prognosis in breast cancer, including node-
negative disease (reviewed previously [13,14]); however,
others have not detected a significant association. The lack
of agreement may be due to different methods of detection
of p53 alterations [12]. The majority of investigations have
used immunohistochemical detection of stabilized mutant
forms of p53 protein in archival breast tumor specimens
[13]. Others have conducted more complete molecular
analysis with determination of specific DNA alterations
[14]. Individual studies often have the disadvantage of be-
ing retrospective and consisting of small sample size, and
most lack long-term follow-up. More importantly, the
prognostic value of p53 mutation in combination with tra-
ditional histopathologic tumor characteristics and molecu-
lar markers, such as neu/erbB-2 amplification, has not been
addressed in a prospective study.

In a multicenter study of 580 newly diagnosed ANN
breast cancer patients, we had previously found neu/erbB-2
amplification to be an independent predictor of recurrence
[11]. We have continued to observe this group for recur-
rence and death (median follow-up, 85 months) and to
evaluate the importance of additional molecular alter-
ations. In this prospective study, we considered whether p53
mutation detected by single-stranded conformation poly-
morphism (SSCP) analysis of exons 4 through 10 would
provide additional prognostic information in this group.
Our primary objective was to evaluate the contribution to
disease-free survival (DFS) of a second molecular prognos-
tic factor, p53 mutation, in addition to neu/erbB-2 amplifi-
cation and traditional factors. A second objective was to
determine whether associations detected with DES per-
sisted for overall survival (OS).

Patient Eligibility

In this prospective study, women with node-negative breast
cancer were enrolled from September 1987 until March 1993. A
consecutive series of individuals were accrued at each of eight
Toronto hospitals. All women who had node-negative invasive
breast cancer pathologically confirmed at the participating centers
were potentially eligible, whether or not we had received a tumor
specimen for analysis. The pathology report was used to determine
the initial eligibility (which required clear resection margins and at
least four lymph nodes sampled), pathologic size of the invasive
component (centrally reviewed), histologic grading, nuclear grad-
ing, presence of vascular or lymphatic invasion by tumor cells,
estrogen receptor (ER) status, progesterone receptor (PgR) status,
and histologic subtype of the invasive and intraductal components
(if present). Imaging (bone scan and abdominal ultrasound or
abdominal computed tomography scan) and chest x-ray were
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required for patients with T2 tumors. If the patient was eligible on
the basis of pathology, staging, and age (between 18 and 75 years
inclusive), the surgeon invited the patient to participate and pro-
vide a signed consent form (approved by the various institutional
review boards), with final eligibility determined by chart review.
Exclusion criteria were inadequate staging (ie, Tx, Nx, Mx), syn-
chronous breast primary tumors, surgeon or patient refusal, or
prior malignancies (excluding nonmelanoma of skin and carcino-
ma-in-situ of the cervix).

Molecular Analyses

After frozen-section diagnosis of invasive cancer, tumor
specimens were sampled by the pathologists, immediately snap
frozen, and stored in liquid nitrogen until subjected to DNA and
RNA extraction by conventional techniques [15]. DNA copy
number of neu/erbB-2 was measured as previously described [11].
Tumors that exhibited a two-fold or greater increase in copy
number relative to control unamplified DNA were considered to
be amplified. In 56 of 635 available specimens, an amplification
result could not be obtained because of insufficient or poor-
quality DNA.

p53 Mutation Analysis

SSCP analysis was used to analyze exons 4 through 10 of the
P53 gene for sequence alterations. Genomic DNA was used as a
template for polymerase chain reaction amplification of fragments
containing an exon, and its adjacent intronic boundaries. The
sequences of each primer set used to amplify exons 5 to 9 were
taken from Ozcelik et al [16]. We designed three sets of primers for
amplification of exons 4 and 10 (4AF: GGAAGGGACAGAAGAT-
GACA, 4AR: TCCTCTGACTGCTTTTTC; 4BF: CCCCTGCAC-
CAGCAGCTCCTA; 4BR: CAGGCATTGAAGTCTCATGG, 10F:
AACTCAGGT ACTGTGAATATACT, 10R: TTACTGGCCCT-
ACTCCCCTG). Some of the exons were multiplexed (exons 4A
and 10, and exons 6 and 8). One hundred nanograms of tumor
DNA was added to reaction buffer containing 10 mmol/L Tris (pH
8.3), 50 mM KCI, 0.8 to 1.2 mmol/L MgCl,, 100 uM of each
deoxynucleotide triphosphate, 6 uM of each primer, 1 uL phos-
phorus-33 (**P)-adenosine triphosphate (10 mCi/uL), and 2
units of AmpliTaq (Perkin Elmer, Norwalk, CT). 33p-adenosine
triphosphate—incorporated polymerase chain reaction products
were heat denatured and electrophoresed on a native polyacryl-
amide gel containing 10% glycerol. Sequence alterations, detected
as electrophoretic mobility shifts on SSCP gels, were confirmed
and characterized independently by direct sequencing using the
same SSCP primers (Thermo Sequenase cycle sequencing kit;
Amersham Biosciences, Baie d’Urfé, Canada). A mutation result
could not be obtained in 63 of 635 specimens because of insuffi-
cient or poor-quality DNA.

Clinical Follow-Up

Patient follow-up data and information on adjuvant treat-
ment received were obtained by chart review in a standardized
fashion and without knowledge of the molecular analyses. Charts
were reviewed every 3 months in the first 2 years after diagnosis,
every 6 months until 5 years after diagnosis, and annually thereaf-
ter. Confirmation of local (within the breast) or distant relapse was
by review of original reports or imaging (by M.E.B). Recurrences
were considered to have occurred if there was radiologic evidence
of disease or clinically apparent disease with biopsy confirmation.
However, recurrence did not include relapse in the ipsilateral
breast in patients who underwent less than mastectomy, and these
patients continued to be monitored for nonbreast relapse. DFS
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was taken as the time between diagnosis and the confirmation of
nonbreast recurrence. All patients were monitored for death
whether or not they experienced disease recurrence. OS was taken
as the time between diagnosis and death as a result of any cause,
regardless of recurrence events.

Patient status on November 30, 1998, determined survival
times (DFS and OS) and censoring status using clinical follow-up
data. Follow-up data were monitored for an additional 6 months
(up to June 4, 1999) to confirm patient status at the termination
date. We observed 96 disease recurrences among patients with
molecular results. Calculations made at p53 study initiation indi-
cated that a minimum of 91 recurrences would need to be ob-
served to have 80% power to detect a relative risk (RR) of recur-
rence of 2.0 associated with p53 mutation, taking into account the
contribution of neu/erbB-2 amplification and the other clinical
prognostic factors [17,18]. Patients with disease-free status were
censored at the termination date, and patients lost to follow-up
evaluation (n = 7) were censored at the last known follow-up
time. One patient without follow-up data did not contribute to the
survival analysis. In the DFS analysis, the actual date of disease
recurrence was used for patients who subsequently died with
disease, and patients who died without recurrence of breast disease
(ie, other causes) were censored at the date of death (n = 33).
Excluding the patients lost to follow-up and those with recur-
rences, the minimum follow-up time was 55 months after surgery
and the median follow-up time was 85 months.

Statistical Analysis

A total of 1,001 patients met the eligibility criteria: specimens
were received from 635 of these patients, and 543 patients (with 96
recurrences and 104 deaths) had both neu/erbB-2 DNA amplifica-
tion and p53 mutation results. As reported previously [11], the
most frequent reason for lack of available specimen was small
tumor size, and patients for whom a specimen was not obtained
had longer DFS, smaller tumors, more tumors of histologic grade
1, and were less likely to have hormone receptor levels and nuclear
grade determined. To assess generalizability further, characteris-
tics of the 543 patients with molecular results available were com-
pared with the remaining 92 patients with a specimen, and differ-
ences in survival were examined by the log-rank test.

Group Analyzed for p53 Mutation and
neu/erbB-2 Amplification

Baseline analysis was descriptive, comparing frequency dis-
tributions of known prognostic factors among groups defined by
neu/erbB-2 amplification status (ie, relative copy number increase
= 2 v < 2) and p53 mutation (p53 mutation v p53 wild type).
Univariate survival analysis (DFS and OS) of p53 mutation
status, neu/erbB-2 amplification status, and each of the prog-
nostic factors was by the log-rank test with Kaplan-Meier sur-
vival curves and by the Cox proportional hazards model [19].
Categoric or continuous coding schemes for the prognostic
factors were selected before the analysis, on the basis of previ-
ous studies or clinical convention.

Multivariate analysis (DFS and OS) to assess the contribution
of p53 mutation in addition to neu/erbB-2 amplification status and
the traditional variables was by the Cox proportional hazards
model. Prognostic factors included in the analysis of the cohort of
543 patients were menopausal status, tumor size, ER and PgR
status, age, and adjuvant therapy received. Histopathologic tumor
characteristics (ie, histologic grade, tumor subtype, lymphatic in-
vasion, and type of intraductal component) were also examined in

full multivariate analyses including all prognostic factors. The
choice of factors included in a summary model was based on a
priori clinical importance and on the results from the full multi-
variate model. The prognostic importance of each factor was
summarized by the RR, as estimated by the hazard ratio in the Cox
proportional hazards model. To verify the proportional hazards
assumption, scaled Schoenfeld residuals with lowess smoothing
were plotted against survival time for each factor [20]. Formal tests
for suspected time-dependent factors were conducted in the Cox
model by adding a linear term for interaction with follow-up time
[20]. Analyses for short-term effects were conducted similarly by
estimating a separate RR for the first 36 months of follow-up.

Patient and Tumor Characteristics

Eligible patients. All node-negative patients who con-
sented to participate in the study were observed regardless
of whether a tumor specimen was available for molecular
analyses (N = 1,001). Treatment decisions were made with-
out knowledge of the patient’s p53 mutation or neu/erbB-2
amplification status. During the accrual period, the likeli-
hood of receiving treatment increased: in 1987 to 1989,
before adjuvant treatment was widely recommended for
node-negative patients, 28% were treated, but by 1992 to
1993, nearly 80% received some form of systemic therapy.
The proportion receiving hormonal therapy alone in-
creased from 20% to 58% over the period, and the propor-
tion receiving chemotherapy increased from 4% to 20%.
Overall, younger women were more likely to receive adju-
vant therapy than were older women. As reported previ-
ously [11], the type of adjuvant treatment received was
associated with several of the characteristics known at base-
line. Compared with other women, patients at higher risk of
recurrence (ie, premenopausal status, large tumor size,
higher grade, and ER- or PgR-negative tumors), were more
likely to receive chemotherapy, and patients with ER- or
PgR-positive tumors were more likely to receive hormonal
therapy. Adjuvant chemotherapy was nearly always given as
cyclophosphamide, methotrexate, and fluorouracil.

In the remainder of this report, we present data for
the 543 patients in whom neu/erbB-2 amplification and
p53 mutation status were determined. The distributions
of patient and tumor characteristics in the group in
which both molecular results were obtained (n = 543)
did not differ significantly from the group without one or
the other (n = 92).

p53 mutation and neu/erbB-2 amplification. p53 was
mutated in 24.5% of the specimens and neu/erbB-2 was
amplified in 19.9% of the specimens. p53 mutations were
more frequent in the specimens with neu/erbB-2 amplifica-
tion than in those without (38.9% of 108 v 20.9% of 435;
P = .001 by x* test). The four groups defined by p53 muta-
tion and neu/erbB-2 amplification status did not vary sig-
nificantly by menopausal status, tumor size, age, or multi-
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Table 1. Patient and Tumor Characteristics According to p53 Mutation Status and neu/erbB-2 Amplification Status
Amplified Not Amplified
Mutation Wild Type Mutation Wild Type
Characteristic No. of Patients % No. of Patients % No. of Patients % No. of Patients %

No. of patients, n = 543 42 7.7 66 12.2 91 16.8 344 63.3
No. of relapses, n = 96 17 17.7 9 9.4 15 15.6 55 57.3
No. of deaths, n = 104 17 16.4 12 11.5 20 19.2 55 52.9

From or with disease, n = 71 15 211 7 9.9 15 211 34 47.9

Without disease, n = 33 2 6.1 B) 15.2 5 15.2 21 63.6

Lost to follow-up, n = 7 1 1 1 4
Menopausal status

Premenopause 15 35.7 25 37.9 40 44.0 106 30.8

Perimenopause 2 4.8 2 3.0 4 4.4 20 5.8

Postmenopause 25 59.5 39 59.1 47 51.6 218 63.4
Maximum size of tumor, cm

<05 0 0.0 1 1.5 0 0.0 5 1.5

=05-<1.0 1 2.4 5 7.5 3 3.3 18 5.2

=10-<20 14 33.3 19 28.8 22 24.2 133 38.6

=20-<50 23 54.8 37 56.1 62 68.1 164 47.7

=50 4 9.5 4 6.1 4 4.4 24 7.0
ER status*

Positive 21 50.0 50 75.8 42 46.2 296 86.0

Negative 20 47.6 14 21.2 41 45.0 32 9.3

Equivocal 1 2.4 1 1.5 6 6.6 11 3.2

Not known or not done 0 0.0 1 1.5 2 2.2 5 1.5
PgR status*

Positive 14 33.3 41 62.1 28 30.8 245 71.2

Negative 27 64.3 18 27.3 51 56.0 74 21.5

Equivocal 1 2.4 6 9.1 10 11.0 20 5.8

Not known or not done 0 0.0 1 1.5 2 2.2 5 1.5
Age, years

Mean 54.3 55.4 52.6 56.6

SD 11.0 10.7 12.4 11.2

Minimum 31.8 35.7 25.8 29.6

Maximum 75.1 75.8 74.1 75.8
Adjuvant therapy received”

None 19 45.2 33 50.0 46 50.5 160 46.5

Hormonal 13 31.0 24 36.4 25 27.5 150 43.6

Chemotherapy 9 21.4 7 10.6 18 19.8 27 7.9

Both 1 2.4 2 3.0 2 2.2 7 2.0
Abbreviations: ER, estrogen receptor; PgR, progesterone receptor; SD, standard deviation.
*P = .001 and P = .02 for receptors and treatment, respectively. Statistical comparisons of other proportions were not significant at the 5% level.

centricity (Tables 1 and 2). However, the groups with p53
mutations, both with and without neu/erbB-2 amplifica-
tion, were less likely to be positive for the hormone recep-
tors, more likely to be grade 3 for both histologic and
nuclear grade, and less likely to have lobular subtype (Ta-
bles 1 and 2). The groups with p53 mutations were also
more likely to have received chemotherapy (Table 1), pre-
sumably through the association of p53 status with known
prognostic factors that influenced treatment decisions. The
neu/erbB-2—amplified group with p53 mutations was more
likely to have lymphatic invasion than the other three
groups, and the two groups with neu/erbB-2 amplification
were more likely to have a comedo-type intraductal com-
ponent (Table 2).

WWW.jco.org

Prognostic Value of p53 Mutation and neu/
erbB-2 Amplification for DFS and OS

To examine the association of p53 mutation with the
risk of recurrence and death in node-negative breast cancer,
we considered p53 mutation status alone, and then in com-
bination with neu/erbB-2 amplification status and other
prognostic factors. Menopausal status, tumor size category,
ER and PgR status, and age were treated as the primary set of
traditional prognostic factors and these were evaluated one
at a time and as a group, with and without the treatment
variables. The histopathologic markers (histologic grade,
tumor subtype, lymphatic invasion, intraductal type) were
added to the full multivariate models as secondary prognos-
tic factors. The additional and independent contribution of
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Table 2. Histopathologic Tumor Characteristics According to p53 Mutation and neu/erbB-2 Amplification Status
Amplified Not Amplified
Mutation Wild Type Mutation Wild Type
Characteristic No. of Patients % No. of Patients % No. of Patients % No. of Patients %
No. of patients, N = 543 42 7.7 66 12.2 91 16.8 344 63.3
Histologic grade™
1 1 2.4 8 12.2 1 1.1 29 8.4
2 12 28.6 23 349 15 16.5 17 34.0
3 21 50.0 16 24.2 51 56.0 71 20.6
Subtype 0 0.0 9 13.6 11 121 71 20.7
Not known 1 2.4 1 1.5 2 2.2 5 1.5
Not done 7 16.6 9 13.6 11 121 51 14.8
Nuclear gradet
1 1 24 3 4.5 3 3.3 14 4.0
2 7 16.7 21 31.8 12 131 96 28.0
3 17 40.4 10 15.2 39 42.9 54 15.7
Not known 1 24 1 1.5 4 4.4 16 4.6
Not done 16 38.1 31 47.0 33 36.3 164 47.7
Lymphatic invasiont
Yes 12 28.6 7 10.6 11 121 40 11.6
No 29 69.0 59 89.4 80 87.9 303 88.1
Not known 1 2.4 0 0.0 0 0.0 1 0.3
Multicentricity T
Yes 5 11.9 5 7.6 3 3.3 85 10.2
No 37 88.1 61 92.4 86 94.5 307 89.2
Not known or missing 0 0.0 0 0.0 2 2.2 2 0.6
Subtypes
Lobular 0 0.0 6 9.1 2 2.2 35 10.2
Mucinous 0 0.0 1 1.5 1 1.1 17 4.9
Medullary 0 0.0 0 0.0 5 5.4 5 1.5
Papillary 0 0.0 2 1.5 1 1.1 1 0.3
Tubular 0 0.0 1 1.5 2 2.2 7 2.0
No subtype 41 97.6 57 86.4 80 88.0 272 79.1
Missing or not done 1 2.4 0 0.0 0 0.0 5 1.5
In situ typet
Comedo 13 31.0 19 28.8 17 18.7 42 12.2
Lobular 1 2.4 2 3.0 1 1.1 20 5.8
Noncomedo ductal 14 33.3 25 37.9 33 36.2 136 39.5
None 13 31.0 20 30.3 40 44.0 145 42.2
Missing 1 2.4 0 0.0 0 0.0 1 0.3
*P = .001.
tStatistical comparison was not significant at the conventional 5% level.
P = .006.
§P = .03.

P53 mutation was evaluated by adding it to the primary and
full multivariate models with and without neu/erbB-2 am-
plification status, comparing the goodness of fit of the mod-
els with and without p53 mutation, and examining changes
in RR estimates.

Univariate analysis. 'When p53 mutation status was
considered alone throughout the entire follow-up period
(median time, 85 months), we found a 1.7-fold increase in
the risk of recurrence associated with the presence of a
mutation (Table 3; Fig 1). The risk of recurrence depended
on the duration of follow-up (P = .03), with an RR of 2.89
(95% CI, 1.70 to 4.91) for recurrence within the first 36
months. Similarly, when neu/erbB-2 amplification status

90

was considered alone, we found less than a two-fold increase in
the risk of disease recurrence over the entire follow-up period
(Table 3), but the RR during the first 36 months was 2.34 (95%
CI, 1.34 to 4.09), with evidence that the risk of recurrence
decreased with duration of follow-up (P = .02). This largely
explains the reduction in RR compared with the value of 2.4
found previously in the same cohort when the median dura-
tion of follow-up was 36 months [11].

Remarkably, when p53 mutation and neu/erbB-2 am-
plification were considered jointly, we found a greater than
three-fold elevated risk of disease recurrence when the
tumor specimen had both p53 mutation and neu/erbB-2
amplification, compared with those having only one or
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Table 3. Results of Disease-Free and Overall Survival Analysis by Univariate Cox Proportional Hazards Models (N = 543 with 96 recurrences
and 104 deaths)
Recurrence Mortality
Prognostic Variable RR 95% ClI P RR 95% ClI P

p53 status, mutation v wild type 1.69 1.10to 2.58 .02 1.97 1.32t02.94 .001
neu amplification status, — 22 v 1 1.68 1.07 t0 2.63 .02 1.72 1.12t0 2.65 .01
p53 mutation and neu amplification

Mutation only v neither 1.07 0.60to 2.89 .82 1.54 0.92 to 2.57 .10

Amplification only v neither 0.90 0.44t0 1.81 .76 1.20 0.641t02.25 .56

Interaction of p53 and neu 3.38 1.261t09.10 .02 1.74 0.711t04.28 .23
Both mutation and amplification, v other three 3.24 1.92105.48 .0001 2.89 1.72 to 4.87 .0001

groups combined
Menopausal status, pre- and perimenopausal v 1.45 0.97t02.16 .07 0.95 0.64 to 1.43 .82
postmenopausal

Tumor size cm

2-5v<?2 1.50 0.96 t0 2.33 .07 1.54 1.00t0 2.38 .05

=5v2-5 1.81 0.86t0 3.82 12 1.42 0.76 t0 2.64 27
ER status” 2.03 1.34 t0 3.09 .001 2.19 1.47 t0 3.27 .0001
PgR status™ 1.82 1.22t02.71 .004 2.08 1.42 t0 3.06 .0002
Age at diagnosis, yearst

35 v5b5 1.54 0.85t02.77 15 1.37 0.75t02.48 31

45 v 55 1.23 1.01to 1.51 .04 1.04 0.85to 1.27 N8

65 v 55 0.82 0.64 to 1.06 13 1.23 1.00 to 1.50 .04

75 v 55 0.69 0.33t0 1.42 .31 1.91 1.06 to 3.45 .03
Adjuvant treatment

Hormonal v none 0.54 0.34t0 0.86 .01 0.72 0.48t0 1.09 12

Chemotherapy v none 1.48 0.88102.50 14 1.76 1.08t0 2.93 .02
Histologic grade

2v1 5.33 1.29 t0 22.00 .02 2.03 0.72 t0 5.69 18

3v1 4.36 1.05t018.18 .04 2.70 0.97 to 7.53 .06

Not done v 1 2.32 0.52t0 10.48 .27 1.13 0.36 t0 3.94 .84

Any subtype v 1 1.23 0.25t06.10 .80 0.96 0.30 to 3.05 .94
Lymphatic invasion 2.07 1.2810 3.36 .003 1.80 1.121t02.88 .02
Intraductal component type

Comedo v ductal 1.73 1.00 to 3.01 .05 1.45 0.86 to 2.47 A7

Lobular v ductal 0.93 0.28103.03 .90 0.72 0.22102.33 .58

None or not known v ductal 1.21 0.76to 1.93 42 1.00 0.64 to 1.65 .99
Abbreviations: RR, relative risk; ER, estrogen receptor; PgR, progesterone receptor.
*Negative or equivocal v positive or not done. The small number of patients without receptor data was combined with the low-risk positive category.
Receptor levels were categorized according to the standards of the laboratory in which they were determined.
tThe relationship of age to the risk of recurrence was modeled using a continuous age variable with linear and quadratic terms.

neither of the alterations (Fig 2). This elevated risk was detect-
able in a Cox model as a significant interaction between p53
mutation and neu/erbB-2 amplification status that did not
appear to be strongly time dependent (P = .17), and as a
contrast between tumors with both p53 mutation and neu/
erbB-2 amplification versus all others (Table 3).

In univariate analyses of the other prognostic factors,
there was some evidence that each of the factors was related
to DFS when considered one at a time (Table 3). The ele-
vated risks of recurrence for ER-negative status and PgR-
negative status were also found to decrease with the dura-
tion of follow-up (P = .001 and 0.001, respectively, for the
tests of time dependence).

Univariate analyses of overall survival yielded results
similar to those for DFS (Table 3 and Fig 3). The RR for each
of p53 mutation, neu/erbB-2 amplification, the combina-

WWW.jco.org

tion of p53 mutation and neu/erbB-2 amplification, larger
tumor size, ER-negative status, PgR-negative status, and
lymphatic invasion was significantly elevated. For each of
these factors, there was also evidence that the RR attenuated
with increasing duration of follow-up.

Multivariate analysis. The magnitude and the signifi-
cance of the association of p53 mutation with DFS persisted
with adjustment for most of the primary and histopatho-
logic factors when these were considered one at a time, with
the exception of ER and PgR status and the adjuvant treat-
ment indicators. In these exceptions, the RR was reduced
from 1.69 to between 1.34 and 1.48 because of the correla-
tion of p53 mutation status with the hormonal and the
treatment factors, and became nonsignificant at the 5%
significance level (data not shown). When all prognostic
factors examined in univariate analysis (Table 3) were in-
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Fig 1. Kaplan-Meier disease-free survival curves stratified by p53 mutation

status (n = 542). (——) corresponds to patients without a p53 tumor
mutation (wild type); ( - - - ) corresponds to patients with a p53 tumor
mutation.

cluded in a multivariate model (data not shown), the RR for
p53 mutation was reduced further to 1.11 (95% CI, 0.68 to
1.81; P = .69), and only lymphatic invasion retained a
significant independent association with disease recurrence
(RR, 1.82;95% CI, 1.09 to 3.02; P = .02).

In striking contrast, the RR associated with having
both p53 mutation and neu/erbB-2 amplification, as
measured by their interaction, persisted with adjustment
for adjuvant treatment and all prognostic factors in a full
multivariate model (Table 4). Similar results were ob-
tained for the full multivariate model (data not shown),
using a binary variable for tumors with both p53 muta-
tion and neu/erbB2 amplification versus those with only
one or neither alteration (RR, 2.23; 95% CI, 1.28 to 3.88;
P = .004; —2loglL = 1,107.99). This combined effect
also persisted in a summary multivariate model that was
not significantly different from the full multivariate
model (Table 5).

To assess whether adjuvant treatment modified the
observed association of disease recurrence with p53 mu-
tation and neu/erbB2 amplification, we conducted a test
for interaction in the summary Cox model by adding
product terms with the two treatment variables, and also
examined summary models within each of the three cor-
responding patient subgroups: those who received no
systemic adjuvant treatment, those who received hor-
monal therapy only, or those who received systemic che-
motherapy with or without hormonal therapy. The RR of
recurrence did not vary significantly across the sub-
groups (likelihood ratio test, P = .86), and in particular,
the elevated RR persisted in the untreated subgroup (RR,
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2.14), although with a wider confidence interval because
of the smaller sample size.

Application of the same model-fitting strategy to the
analysis of OS yielded results similar to those for DFS (Ta-
bles 4 and 5). In a parsimonious summary model for OS
(Table 5) that was not significantly different from the full
multivariate model for OS that included all of the prognos-
tic factors (likelihood ratio test [9 df], 2.83; P = .97; Table 4,
the combination of p53 mutation and neu/erbB-2 amplifi-
cation, ER-negative status, and higher histologic grade were
independently associated with an elevated risk of death as a
result of any cause.

The identification of patients with ANN breast cancer who
are likely to develop systemic disease and might benefit
from adjuvant therapy remains a challenge. Molecular al-
terations such as neu/erbB-2 amplification and p53 muta-
tions have been shown to be associated with poor outcome
in a number of studies (reviewed in [8-10,12-14]). How-
ever, the question of whether these markers, when evalu-
ated in the same cohort, provide independent prognostic
information has not been addressed. Therefore, we ana-
lyzed mutation of p53 as the primary prognostic variable
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Fig 2. Kaplan-Meier disease-free survival curves stratified by p53 mutation
status and by neu/erbB-2 amplification status (n = 542) of patients with
neither alteration (—— —), with a mutation and without amplification (---),
without a mutation and with amplification ( - - - ), and with both (—).

JOURNAL OF CLINICAL ONCOLOGY



p53 and neu Alterations in ANN Breast Cancer

Table 4. Results of Disease-Free and Overall Survival Analysis by Full Multivariate Cox Proportional Hazards Model (N = 543)
Recurrence Mortality
Prognostic Variable RR 95% Cl P RR 95% Cl P
p53 mutation & neu amplification
Mutation only v neither 0.69 0.36to 1.31 .26 1.04 0.58 to 1.86 91
Amplification only v neither 0.76 0.37to 1.58 .46 1.04 0.54 to 1.99 91
Interaction of p53 and neu 3.68 1.321t0 10.27 .01 1.97 0.78 t0 5.00 .15
Menopausal status, pre- or perimenopause 0.92 0.46t0 1.82 .81 1.24 0.61t02.54 .56
v postmenopause
Tumor size, cm
2-5v<2 1.45 0.90t02.32 2 1.41 0.891t02.22 14
=5v2-5 1.34 0.61to0 2.97 47 1.08 0.56 to 2.07 .81
ER status” 1.70 0.90 to 3.21 .10 1.49 0.811t02.77 .20
PgR status™ 1.14 0.66to 1.98 .63 1.38 0.82102.33 22
Age at diagnosis, yearst
35 vb5 1.65 0.721t03.77 .23 0.94 0.41t02.17 .89
45 v 55 1.24 0.89t01.72 .20 0.86 0.62t01.19 .36
65 v 55 0.87 0.62to 1.21 40 1.50 1.12t02.00 .006
75 v 55 0.81 0.35t01.87 .62 2.89 1.431t05.83 .003
Adjuvant treatment
Hormonal v none 0.63 0.38to 1.05 .07 0.91 0.57 to 1.46 .69
Chemotherapy v none 0.81 0.43 to 1.52 .51 1.21 0.64 t0 2.27 .56
Histologic grade
2v1 3.79 0.91 t0 15.87 .07 1.69 0.55t0 4.55 .39
3vi 2.28 0.521t09.95 .27 1.51 0.51t0 4.40 A5
Not done v 1 1.34 0.29106.21 71 0.74 0.23102.36 .61
Any subtype v 1 0.68 0.1310 3.61 .65 0.71 0.211t02.39 .57
Lymphatic invasion 1.67 1.00 to 2.80 .05 1.49 0.90 to 2.46 12
Intraductal component type
Comedo v ductal 1.20 0.67t02.15 .65 1.16 0.66 to 2.04 .61
Lobular v ductal 2.68 0.72t09.96 14 1.19 0.33t04.27 .79
None or not known v ductal 1.24 0.77t0 1.98 .38 0.96 0.62 to 1.50 .87
—2logL 1,106.38 1,183.19
Abbreviations: RR, relative risk; ER, estrogen receptor; PgR, progesterone receptor.
*Negative or equivocal v positive or not done. The small number of patients without receptor data was combined with the low-risk positive category.
Receptor levels were categorized according to the standards of the laboratory in which they were determined.
tThe relationship of age to the risk of recurrence was modeled using a continuous age variable with linear and quadratic terms.

with DFS as the outcome in a prospective cohort of consec-
utive newly diagnosed node-negative patients in which neu/
erbB-2 amplification had been shown to be associated with
outcome [11]. The sample size was designed to have high
power to evaluate the prognostic value of p53 mutation in
the presence of an independent association of neu/erbB-2
amplification with disease recurrence. In addition, we at-
tempted to avoid the problems of incomplete detection of
the p53 mutation status by using SSCP analysis instead of
immunohistochemistry and by examining exons 4 through
10. For the 543 patients in whom copy number and muta-
tion status were determined, p53 was mutated in 24.5% of
the specimens; 83% of the mutations occurred in exons 5 to
9 and the remainder occurred in exons 4 and 10 (Ozcelik et
al, manuscript in preparation). This frequency is higher
than that reported when only exons 5 to 9 have been exam-
ined [12]) and the distribution is similar to that observed in
studies that include exons 4 and 10 [21]. Our data support
the importance of examination of exons 4 through 10 for

WWW.jco.org

complete mutational analysis of p53 [21]. As previously
reported, neu/erbB-2 was amplified in 19.9% of tumors in
this group [11].

In univariate analyses, we found that p53 mutation and
neu/erbB-2 amplification were each associated with the risk
of recurrence. When traditional prognostic factors, such as
tumor size, ER and PgR status, and histopathologic charac-
teristics, including lymphatic invasion and histologic grade,
were considered in a univariate analysis, each of these fac-
tors was also associated with a significant risk of recurrence.
The results of the univariate analyses are similar to those in
other studies that have examined the risk associated with
p53 mutation. In multivariate analysis that did not consider
P53 mutation status, the role of neu/erbB-2 amplification,
hormone receptors, and lymphatic invasion found previ-
ously [11] was confirmed in the same cohort with longer
follow-up. For neu/erbB-2 amplification and ER status,
however, there was evidence that the risk of recurrence was
higher during the first 36 months of follow-up, and attenu-
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Table 5. Results of Disease-Free and Overall Survival Analysis for All Patients (N = 543) by Summary Multivariate Cox Proportional Hazards Model
Recurrence Mortality
Prognostic Variable RR 95% Cl P RR 95% ClI P
Both mutation and amplification in the other three groups 2.32 1.35103.97 .002 2.22 1.29t03.81 .004
Tumor size > 2 cm 1.01 0.67 to 1.54 .95 1.44 0.93102.23 .10
ER status” 1.48 0.92102.39 .10 1.82 1.14t02.90 .01
Age at diagnosis, years t
35 vb5 1.32 0.71t02.44 .39 1.03 0.551t0 1.93 .93
45 v 55 1.14 0.92t01.42 24 0.90 0.72t0 1.13 .38
65 v 55 0.88 0.68t0 1.14 .35 1.39 1.12t01.71 .002
75 v 55 0.79 0.38t0 1.63 .52 2.42 1.34t04.36 .003
Adjuvant treatment
Hormonal v none 0.58 0.36t0 0.94 .03 0.89 0.57 to0 1.40 .62
Chemotherapy v none 0.78 0.43t0 1.44 43 1.21 0.65t0 2.25 .54
Histologic grade *
2o0r3vi 2.68 1.60t0 4.49 .0002 2.06 1.3t02.23 .002
Lymphatic invasion 1.73 1.06 to 2.84 .03 1.58 0.97 to 2.657 .07
—2LogL 1,117.99 1,186.04
Abbreviation: ER, estrogen receptor.
“Negative or equivocal v positive or not done. The small number of patients without receptor data was combined with the low-risk positive category.
Receptor levels were categorized according to the standards of the laboratory in which they were determined.
tThe relationship of age to the risk of recurrence was modeled using a continuous age variable with linear and quadratic terms.
$In the summary model only, grade not done and any subtype categories were combined with the grade 1 category.

ated with time. This observation would be consistent
with neu/erbB2 amplification and receptor status being
more important in determining early recurrences, or
with selection in which patients at higher risk are re-
moved from the cohort, leaving patients at lower risk in
those remaining.

However, in multivariate analyses of p53 mutation
status, when we included neu/erbB-2 amplification and
adjusted for all prognostic variables, the elevated RR
associated with p53 mutation was reduced dramatically
overall, and during the first 36 months, whereas the RR
for neu/erbB-2 amplification during the first 36 months
remained significantly elevated (RR, 1.86; 95% CI, 1.05
to 3.28; P = .03). In fact, we found that p53 mutation was
not an independent predictor of recurrence in the mul-
tivariate analyses.

In contrast, the RR associated with the subgroup of
patients having both p53 mutation and neu/erbB-2 amplifi-
cation was unchanged by adjustment for the same set of
factors. In a summary multivariate model adjusting for age,
tumor size, ER status, and adjuvant treatment, we found the
joint occurrence of p53 mutation and neu/erbB-2 amplifi-
cation, together with histologic grade and lymphatic inva-
sion, to be significantly and independently important. Fur-
thermore, stratification according to adjuvant treatment
received revealed that the RR associated with the joint oc-
currence of both factors was consistently elevated in both
treated and untreated patients. Finally, we observed com-
parable RRs for OS and DFS.

Our results differ from those of other studies of p53
mutation in breast cancer. Even though the prognostic im-
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portance of either p53 mutation or neu/erbB-2 amplifica-
tion has been evaluated in a number of studies, the combi-
nation of these molecular markers (detected as DNA
alterations) with traditional clinical factors has not been
routinely examined. The nature of the interaction we de-
tected between p53 mutation and neu/erbB-2 amplification
is such that the observed prognostic importance of p53
mutation alone will depend on the frequency of neu/
erbB-2 amplification status in the particular study sam-
ple, the length of followup, and the other prognostic
factors taken into account in the analysis. This may par-
tially explain the inconsistent results reported for p53
mutation in the literature. Similarly, studies of neu/
erbB-2 amplification are likely to yield stronger associations
when follow-up duration is less than 5 years and the sample
includes tumors in which p53 mutations are more common.
As more molecular alterations are identified in breast cancer, it
will become increasingly important to determine the value of
these new factors in the context of previously validated mark-
ers and to identify excess risk associated with particular com-
binations of them.

Our finding of a significant and persistent risk of recur-
rence and overall mortality associated with having a p53
mutation in combination with neu/erbB-2 amplification,
and no elevated risk associated with having only one of the
alterations, was not expected. It suggests that the presence
of a p53 mutation alone does not identify additional pa-
tients at higher or prolonged risk of recurrence beyond
those identified by neu/erbB-2 amplification. Instead, it ap-
pears that the presence of p53 mutation may be useful to
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Fig 3. Kaplan-Meier overall survival curves stratified by p53 mutation status
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select a subset of patients with neu/erbB-2 amplification
who are at higher risk of disease recurrence and death.

It is interesting to note relevant findings recently re-
ported in a clinical trial of response to dose-intensive che-
motherapy (cyclophosphamide, doxorubicin, and flu-

orouracil) in node-positive breast cancer patients [22].
In this trial, the largest dose effect was found in the
subgroup of 100 patients with p53 alteration and high
erbB-2 expression, both detected by immunohistochem-
istry, indicating that this group may be more responsive
to high-dose chemotherapy. Their data for 5-year DFS in
the low-dose group (the group that is most similar to the
adjuvant untreated and treated individuals in our co-
hort) indicated 39% survival in 33 patients with both p53
alteration and erbB-2 overexpression compared with
56% to 61% survival in patients with elevated expression
for only one or no alteration or overexpression (total 289
patients). This pattern is consistent with our observation
in ANN patients of an interaction between p53 mutation
and neu/erbB-2 amplification, in which the combination
is associated with increased risk.

This observation should be interpreted cautiously,
however, and needs to be evaluated in the context of clinical
trials evaluating the benefits of therapy (particularly che-
motherapy) in ANN breast cancer patients before recom-
mendations can be made regarding routine p53 mutation
testing. Confirmation of our findings would support the
inclusion of diagnostic testing for p53 mutations in patients
with neu/erbB-2—amplified tumors.
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