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A B S T R A C T

Purpose
ErbB-2 (human epidermal growth factor receptor 2) overexpression may be predictive of relative
resistance and/or sensitivity to specific chemotherapeutic agents. Results from a previous study
from the Cancer and Leukemia Group B (CALGB 8541) demonstrated an interaction between
ErbB-2 and increasing dose of adjuvant cyclophosphamide, doxorubicin, and fluorouracil (CAF)
chemotherapy. Other studies have suggested that evaluation of the phosphorylated/activated
form of ErbB-2 might be more precise in defining the impact of ErbB-2 in breast cancer. We have
evaluated tumor tissue sections from CALGB 8541 patients to determine whether the interaction
of ErbB-2 with CAF dose is dependent on ErbB-2 activation state, and whether phosphorylated
ErbB-2 is an adverse prognostic factor in patients treated with CAF.

Patients and Methods
Patients were randomly assigned to one of three dosing regimens of CAF. Paraffin samples from
992 of 1,572 patients who participated in CALGB 8541 were available. Of the 570 tumors with any
staining for ErbB-2, 488 had tissue available for assay for phosphorylated ErbB-2, which was
performed by immunohistochemistry.

Results
Of 910 total assessable cases, 112 of 488 ErbB-2-positive cases (23%) stained positively for
phosphorylated ErbB-2. The previously described interaction of dosing regimen of CAF with
ErbB-2 was not dependent on phosphorylation status of ErbB-2.

Conclusion
Monitoring phosphorylation of ErbB-2 with an antiphospho-ErbB-2 antibody did not add further
precision to identifying those patients most likely to benefit from increased dose of anthracycline-
based adjuvant chemotherapy. Favorable outcomes are observed in ErbB-2-overexpressing
patients treated with high-dose CAF regardless of ErbB-2 phosphorylation state.

J Clin Oncol 26:2364-2372. © 2008 by American Society of Clinical Oncology

INTRODUCTION

ErbB-2 (human epidermal growth factor receptor
2 [HER-2]) overexpression is both prognostic and
predictive in breast cancer.1-4 Assaying ErbB-2
activity by phospho-ErbB-2-specific immunohis-
tochemistry (IHC) showed that the minority of
ErbB-2-overexpressing tumors had phosphorylated
receptor, and in a large series of patients most of
whom did not receive adjuvant chemotherapy, it
was specifically the tumors with phospho-ErbB-2
that had poor prognosis.5-8 In this article, we study
the influence of ErbB-2 activation on outcome of

patients treated with a defined modern adjuvant
chemotherapy regimen.

Cancer and Leukemia Group B (CALGB) 8541
was a randomized comparison of three doses and
dose intensities (referred to as high, medium, and
low-dose, detailed in Patients Methods) of adjuvant
cyclophosphamide, doxorubicin, and fluorouracil
(CAF) for stage II, lymph node-positive breast can-
cer.9,10 The high-dose regimen (a standard dose in
current practice) was found to be superior. In a
companion basic science correlative study, a subset
of cases were analyzed for ErbB-2.11-13 All three dos-
ing regimens had equivalent outcomes for patients
expressing ErbB-2-negative/low level, while patients
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with high ErbB-2 expression had a significant improvement in out-
come with the high-dose regimen. This observation raised the hypoth-
esis that ErbB-2-overexpressing tumors may be relatively
chemotherapy resistant, requiring higher doses of chemotherapy.
While high ErbB-2 expression was an adverse prognostic factor in this
overall study, curiously the ErbB-2-high patients that received the
high-dose chemotherapy regimen had the best disease-free survival
(DFS) and overall survival (OS). This latter finding raised the hypoth-
esis that ErbB-2 overexpression might be associated with enhanced
sensitivity to this regimen, such that if high-dose CAF is used, ErbB-2
overexpression becomes a favorable prognostic factor.

In this study, we examine the impact of ErbB-2 phosphorylation
on outcomes in CALGB 8541. The goal was to determine if assaying
phospho-ErbB-2 further refines the impact previously noted for
ErbB-2 in this population, and to determine the prognostic impact of
phosphorylated ErbB-2 in patients with breast cancer treated with
adjuvant anthracycline.

PATIENTS AND METHODS

Patient Selection

CALGB 8541 enrolled 1,572 women with American Joint Committee
on Cancer (fifth edition) stage II breast cancer (T1-2, N1, M0) from January
1985 through April 1991.9,10 Patients were randomly assigned to one of three
regimens of adjuvant CAF. The regimens differed in their dose and dose
intensity, and were referred to as high, medium, and low dose. The high-dose
group received four cycles of cyclophosphamide 600 mg/m2, doxorubicin 60
mg/m2, and fluorouracil 600 mg/m2; the medium dose group received six
cycles of the same drugs at 400 mg/m2, 40 mg/m2, and 400 mg/m2, respec-
tively; and the low-dose group received four cycles of the same drugs at 300
mg/m2, 30 mg/m2, and 300 mg/m2, respectively. All drugs were administered
intravenously on day 1 of a 28-day cycle, with fluorouracil repeated on day 8.
In the fourth year of the trial, an amendment was made to recommend
tamoxifen for 5 years after chemotherapy in a nonrandomized manner for
postmenopausal patients with estrogen receptor–positive tumors. All patients
gave written institutional review board–approved informed consent in accor-
dance with institutional and existing federal guidelines. The median follow-up
was slightly longer than 11 years.

IHC Analysis of ErbB-2 Overexpression

ErbB-2 IHC was performed in the laboratory (of A.D.T.) as described
previously.11,12 Some samples were assayed using the OA-11-854 polyclonal
anti-ErbB-2 antibody (Cambridge Research Biochemicals, Wilmington, DE),
while others were assayed using the monoclonal CB11 antibody (BioGenex
Laboratories, San Ramon, CA) after the former became unavailable. Results
were recorded as the estimated percentage of invasive tumor cells demonstrat-
ing distinct membrane staining. For this study, cases were considered ErbB-2-
low if the score was 0% to 49% and ErbB-2-high if � 50%. This cutoff was used
in previous publications regarding ErbB-2 expression in this data set.11,12

IHC Analysis of Activated (Phosphorylated) ErbB-2 (P-ErbB-2)

With Antibody PN2A

IHC was performed as described previously.8 Briefly, 4 �m formalin-
fixed, paraffin-embedded sections were deparaffinized, rehydrated, and en-
dogenous peroxidase was blocked with 2% hydrogen peroxide. Antigen
retrieval was performed with 10 mmol/L sodium citrate buffer, pH 6.0, and
microwaving for 15 minutes. After slides cooled to room temperature, they
were washed with distilled water and phosphate-buffered saline (PBS)/0.05%
Tween-20. Affinity purified6 PN2A5 was applied at 5 �g/mL overnight at 4°C.
Sections were incubated at room temperature for 30 minutes with biotinylated
horse-antimouse secondary antibody (Vector Labs, Burlingame, CA; diluted
at 1:200) followed by streptavidin-HRP (Zymed, South San Francisco, CA;
diluted 1:400) and DAB.

Only cases that demonstrated any staining more than 0% for ErbB-2 by
total ErbB-2 IHC were subject to analysis of phospho-ErbB-2. If a case had a
score of 0 for ErbB-2 by conventional IHC, analysis of the phosphorylation
state of ErbB-2 was not performed. Such cases were included in all analyses and
it was assumed that cases having a score of zero for ErbB-2 by conventional
IHC must be negative for phospho-ErbB-2 (ie, ErbB-2-zero is equated with
ErbB-2-zero/PN2A-negative). In a previous series containing more than 500
ErbB-2-negative breast cancer cases defined as ErbB-2 IHC zero, phospho-
ErbB-2 was never detectable.8 Slides were scored as percentage of invasive
tumor cells demonstrating distinct membranous staining. For dichotomizing
results, PN2A-negativity was defined as 0% staining (or ErbB-2 score of 0).
Any PN2A value greater than zero was considered positive. Cytoplasmic stain-
ing without membrane staining was considered negative.

Fluorescence In Situ Hybridization Analysis of ERBB-2 Gene

Copy Number

ERBB-2 gene copy number by fluorescence in situ hybridization (FISH)
was performed previously for this data set.12,13 Of ErbB-2 IHC low cases, 3.1%
were FISH positive (12 of 396), and of ErbB-2 IHC high cases, 61.4% were
FISH positive.12,13

Statistical Analysis

PN2A and ErbB-2 IHC were modeled as dichotomous (positive/nega-
tive) variables in Cox proportional hazards models and in Kaplan-Meier
survival curves. For survival analyses (DFS, OS), five groups were considered
based on ErbB-2 status: ErbB-2 negative (0% cells positive); ErbB-2 low
(� 50% cells positive)/P-ErbB-2 negative (0% cells positive); ErbB-2 low
(� 50% cells positive)/P-ErbB-2 positive (� 1% cells positive); ErbB-2
high (� 50% cells positive)/P-ErbB-2 negative; and ErbB-2 high/P-ErbB-2
positive. Several demographic, clinical, and laboratory variables were exam-
ined. These included treatment arm of CALGB 8541, menopausal status,
tumor size, number of positive lymph nodes, estrogen receptor status, patient
age, ERBB-2 gene amplification by FISH, and ErbB-2 by IHC. The interaction
of PN2A and treatment arm was also examined.

OS and DFS rates were estimated according to the Kaplan-Meier product
limit method. DFS was calculated as time from study entry to disease progres-
sion or death, whichever occurred first. Patients who were disease free were
censored at the date of last follow-up visit. OS was calculated from time of
study entry to death, and patients who were alive were censored at date of last
follow-up visit.

Both univariate and multivariate Cox regression models were developed
to relate various prognostic variables with DFS and OS. DFS and OS were
calculated in the same manner as previously stated.14 Data quality was ensured
by careful review of data by the CALGB Statistical Center staff and by the study
chairperson. Statistical analyses were performed by CALGB statisticians.

RESULTS

Tissue Collection and Incidence of ErbB-2 and

Activated (Phosphorylated) ErbB-2 (P-ErbB-2)

Tissue blocks were collected by the CALGB Pathology Coordi-
nating Office from 992 of 1,572 patients who participated in CALGB
8541 (Fig 1A).Two hundred sixty-seven of these 992 cases (27%) had
high ErbB-2 (�50% staining), 303 (31%) had low ErbB-2 (1% to 49%
staining), and 422 (43%) had no detectable ErbB-2 (0% staining); the
latter were not analyzed for P-ErbB-2. Four hundred eight-eight of
570 tissues with detectable ErbB-2 were available for PN2A staining.
The 82 cases unassessable for P-ErbB-2 either did not have any slides
remaining or had no tumor left on remaining sections, and were
therefore excluded from the analyses. Of the 910 cases assessable for
P-ErbB-2 (including the 422 cases with ErbB-2 score of zero assumed
P-ErbB-2 negative), 112 were positive (12%). When analyzed with
respect to low versus high ErbB-2 (� v � 50% cells stained positive for
ErbB-2), only 20 of 260 tissues with low ErbB-2 were positive for
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P-ErbB-2 (8%) compared with 92 of 228 cases with high ErbB-2
(40%). Among those with the highest ErbB-2, those with � 80% of
cells staining, 49% were positive for P-ErbB-2. Of the cases positive for
ERBB-2 gene amplification by FISH, 41% were positive P-ErbB-2.

The relationship of ErbB-2 expression (by IHC) to P-ErbB-2
IHC is shown graphically in Figure 1B. ErbB-2 was correlated with

P-ErbB-2 (r � 0.49; P � .0001), confirming previous findings.8 While
cases with the highest ErbB-2 were most likely to have high P-ErbB-2,
133 cases had high ErbB2 scores (� 80%) and low or zero P-ErbB2
score (� 20%), and several cases with low ErbB-2 had high P-ErbB-2.
A similar correlation was noted for the relationship between ERBB-2
gene amplification (by FISH) and P-ErbB-2 (r � 0.33; P � .0001),
though again many cases with a high degree of amplification had a low
or zero P-ErbB-2 score, and several cases with minimal amplification
had detectable P-ErbB-2 (Fig 1C). These data indicate that P-ErbB-2 is
not simply a surrogate marker of ERBB-2 gene amplification, or level
of ErbB-2 expression.

ErbB-2 and P-ErbB-2 As Prognostic Factors in Patients

Treated With Adjuvant CAF

In CALGB 8541, for the subset of patients in whom ErbB-2 was
analyzed, high ErbB-2 was previously found to be an adverse prognos-
tic factor in multivariate analyses11,12; when ErbB-2 expression was
examined as a continuous variable, there was greater benefit for high
CAF with each increase in percent of cells staining.11,12 We examined
the effect of ErbB-2 category on outcomes (all doses pooled; Figs 2A
and 2B). In general, as noted previously, the groups with low or
undetectable ErbB-2 fared slightly better than those with high
ErbB-2, with the exception of the ErbB-2-low/P-ErbB-2-positive
group, which had poor outcome; however this result must be inter-
preted cautiously because of the small number of tumors (n � 20) in
this category. For the high ErbB-2 groups, phosphorylation status did
not influence outcome.

In univariate analyses (Table 1), high ErbB-2 was associated with
a slightly higher risk of death (risk ratio[RR], 1.31; P, .02), although
not with an increased risk of recurrence. ERBB-2 gene amplification
was also associated with an elevated risk of death (RR, 1.51; P � .019),
and an elevated risk of recurrence (RR, 1.32) that did not reach statis-
tical significance (P � .093). P-ErbB-2 was associated with an
approximately 30% increased risk of both relapse and death (RRs,
1.33; P � .032 and 1.30; P � .078, respectively). When separated into
the five ErbB-2 categories, most groups did not have a statistically
significantly different outcome in comparison to the ErbB-2 � 0%
group, although subdividing into five groups reduces statistical power.

Multivariate analysis of factors associated with outcome using
the proportional hazards model is presented for both ErbB-2 and
P-ErbB-2 in Table 2. Dichotomized variables were used in these tables
for both P-ErbB-2 (0% v � 0%) and ErbB-2 (� 50% v � 50%
defining low v high). For DFS, higher doses of CAF are favorable
prognostic factors (medium dose of borderline significance), while
adverse prognostic factors included higher number of involved lymph
nodes, larger tumor size, and premenopausal state (data not shown).
P-ErbB-2 conferred an adverse relative risk comparable to these other
adverse risk factors, with borderline statistical significance. The results
were similar for ErbB-2-high status. For OS, higher doses of CAF were
a borderline statistically significant favorable prognostic variable,
while again nodal status and tumor size were adverse prognostic
factors and premenopausal state was borderline (data not shown).
ErbB-2-high was associated with poorer overall survival; P-ErbB-2
positivity conferred an adverse relative risk of similar magnitude
(though borderline statistical significance). Multivariate analysis using
ERBB-2 gene amplification by FISH, in place of ErbB-2 IHC, is pre-
sented in Table 3; trends for FISH results are similar to those for
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Fig 1. (A): Flow diagram showing distribution of patients by ErbB-2 status.
Scattergrams of the relationship of phospho-ErbB-2 (PN2A) score to (B) ErbB-2
immunohistochemical score and (C) to ERBB-2 gene amplification ratio by
fluorescence in situ hybridization. Of note, each dot may represent more than
one case (particularly for points along the x-axis). ND, not done.
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Fig 2. (A, C, E) Disease-free survival (DFS) and (B, D, F) overall survival (OS). (A) DFS and (B) OS of all patients, subdivided by ErbB-2 status into five groups: ErbB-2 �
0%, ErbB-2-low/P-ErbB-2-negative, ErbB-2-low/P-ErbB-2-positive, ErbB-2-high/P-ErbB-2-negative, and ErbB-2-high/P-ErbB-2-positive. (C) DFS and (D) OS of patients in
the ErbB-2-low (� 50%) category subdivided by cyclophosphamide, doxorubicin, and fluorouracil (CAF) dose. (E) DFS and (F) OS of patients in the Erb-2-high (� 50%)
category, subdivided by CAF dose.
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ErbB-2 IHC. In this smaller subset of patients for whom FISH assay
results were available, there was not a prognostic trend for P-ErbB-2.

Impact of Dose of CAF According to ErbB-2 Status

The effect of dosing regimen on outcome, stratified by ErbB-2
status, which has been published previously,11,12 is updated in Figures
2C to 2F. The data continue to demonstrate that for ErbB-2-low
patients, the dose of CAF did not significantly impact outcomes. For
the ErbB-2-high patients, patients treated with high-dose CAF had
significantly superior outcome compared with those treated with ei-
ther of the less intensive regimens.

Effect of dose was examined for each of the five ErbB-2 category
groupings: ErbB-2 � 0%, ErbB-2-low/P-ErbB-2-negative, ErbB-2-

low/P-ErbB-2 positive, ErbB-2-high/P-ErbB-2-negative, and ErbB-2-
high/P-ErbB-2-positive (Fig 3). Patients with high ErbB-2 had a better
outcome if given high dose compared with medium or low dose,
regardless of phosphorylation state of ErbB-2. For patients with low or
undetectable ErbB-2, outcome was independent of dose regardless of
phosphorylation state of ErbB-2, with the exception of the ErbB-2 �
0% group, in which DFS was inferior for the low-dose group com-
pared with the medium- and high-dose groups. Hence, dose impacts
outcome for patients whose tumors have high ErbB-2, regardless of
ErbB-2 phosphorylation state.

The interaction of P-ErbB-2 and ErbB-2 with arm of CAF was
further examined by proportional hazards multivariate modeling in
Table 2. In a manner consistent with previous observations with

Table 1. Univariate Proportional Hazards Models for Prediction of DFS and OS

Factor

DFS OS

ComparisonHR 95% CI P HR 95% CI P

ErbB-2 by IHC (dichotomous) 1.19 0.96 to 1.46 .11 1.31 1.04 to 1.64 .021� Positive v negative
� 50% v � 50%

ERBB-2 by FISH (dichotomous) 1.32 0.95 to 1.83 .093 1.51 1.07 to 2.14 .019� Positive v negative
� 2.0 v � 2.0

PN2A (dichotomous) 1.33 1.03 to 1.73 .032� 1.30 0.97 to 1.73 0.078 Positive v negative
� 0% v 0%

ErbB-2/PN2A† .09 .14
ErbB-2 � 0% 1.00 1.00
ErbB-2 low/PN2A� 0.99 0.78 to 1.24 0.97 0.75 to 1.26
ErbB-2 low/PN2A� 1.83 1.08 to 3.10 1.47 0.80 to 2.70
ErbB-2 high/PN2A� 1.16 0.89 to 1.53 1.31 0.97 to 1.75
ErbB2 high/PN2A� 1.26 0.93 to 1.72 1.32 0.94 to 1.85

NOTE. For ErbB-2 by IHC, n � 910; for ERBB-2 by FISH, n � 500.
Abbreviations: DFS, disease-free survival; OS, overall survival; HR, hazard ratio; IHC, immunohistochemistry; FISH, fluorescence in situ hybridization.
�Statistically significant at P � .05.
†Compare each following row to first row (ie, ErbB-2 � 0%).

Table 2. Results of Proportional Hazards Multivariate Models for DFS and OS Using ErbB-2 Score as a Dichotomous Variable (dichotomized at � 50%) and
Phosphorylated ErbB-2 (P-ErbB-2, PN2A) Score Modeled as a Dichotomous Variable (0 v � 0)

Parameter

DFS OS

RR 95% CI df �2 P RR 95% CI df �2 P

RR
ErbB-2 1.30 0.91 to 1.85 1.54 1.09 to 2.31
P-ErbB-2 1.39 0.88 to 2.18 1.56 0.97 to 2.52
Medium dose

ErbB-2 � CAF 1.26 0.73 to 1.99 1.18 0.69 to 2.03
P-ErbB-2 � CAF 1.11 0.60 to 2.08 0.83 0.42 to 1.63

High dose
ErbB-2 � CAF 0.56 0.33 to 0.96 0.34 0.22 to 0.71
P-ErbB-2 � CAF 0.72 0.37 to 1.42 0.55 0.25 to 1.16

Likelihood-ratio tests
ErbB-2 1 2.13 .14 1 5.85 .016

P-ErbB-2 1 2.02 .15 1 3.32 .069
ErbB-2 � CAF 2 8.35 .015 2 14.97 .0006

P-ErbB-2 � CAF 2 1.77 .41 2 2.58 .28

NOTE. Variables included in the multivariate model included dose, square of the number of positive axillary lymph nodes, tumor size, menopausal status, and ErbB-2
or P-ErbB-2 status. For ErbB-2 immunohistochemical assay, n � 910. ErbB-2�CAF and P-ErbB-2 � CAF indicate tests of the interaction of ErbB-2 and P-ErbB-2
status, respectively (as dichotomous variables), with dose of CAF. Bold font indicates statistical significance.

Abbreviations: DFS, disease-free survival; OS, overall survival; RR, risk ratio; CAF, cyclophosphamide, doxorubicin, and fluorouracil.
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shorter follow-up, the interaction between ErbB-2 positivity and
CAF dose remained statistically significant through a follow-up of
11 years (Table 2). There is not a statistically significant interaction
between P-ErbB-2 and CAF dose (Table 2), though this conclusion
is compromised by low statistical power. The test of interaction of
ERBB-2 gene amplification by FISH with arm of CAF is also statis-
tically significant (Table 3).

High Dose CAF Overcomes the Adverse Prognostic

Impact of P-ErbB-2

Because high-dose CAF is standard in current practice, it is in-
structive to focus specifically on this group. As noted previously, for
patients in the high-dose group, the ErbB-2-high group has a better
outcome than the ErbB-2-low group (Table 4). This continues to
suggest that ErbB-2 overexpression may result in enhanced sensitivity
to high-dose CAF, although this could be a spurious finding, particu-
larly since the FISH results do not show the same trend. When the
ErbB-2-high patients are further subdivided by phosphorylation state
of ErbB-2, there is no impact of phosphorylation. Because phospho-
ErbB-2 is an adverse prognostic factor in patients who do not receive
adjuvant chemotherapy or receive mainly nonanthracycline based
regimens, this result suggests that adequately-dosed adjuvant CAF can
overcome the adverse prognostic impact of not only ErbB-2 overex-
pression, but also of P-ErbB-2.

DISCUSSION

The previously noted interaction of CAF with ErbB-2,11,12 in which
higher dose improved outcome for high ErbB-2 expressors but did not
impact the (more favorable) outcome for low ErbB-2 expressors,
continues to be observed with 11-year follow-up. In this article, we add
three additional findings. First, the relationship between CAF dose
and outcome was independent of ErbB-2 phosphorylation status.
Second, the apparent improved outcome of ErbB-2-positive patients
treated with high-dose CAF is also independent of ErbB-2 phosphor-

ylation state. Third, although P-ErbB-2 expression was an adverse
prognostic factor, high-dose CAF overcomes the adverse prognostic
impact of P-ErbB-2, a finding of particular clinical relevance.

There are several possible reasons for the observation that
phosphorylation state did not appear to play a role in the relation-
ship between CAF dose and outcome. It is unlikely that artifact due
to dephosphorylation is a confounding factor given the robustness
of this phospho-HER2 assay at predicting prognosis in our previ-
ous large studies performed retrospectively. P-ErbB-2 IHC is a
semi-quantitative assay, and it could be that there is some biolog-
ically relevant signaling activity that is below the level of detection
by this assay. Signaling activity that affects sensitivity to CAF (as
opposed to tumor aggressiveness or ability to metastasize) could also
potentially be related to the phosphorylation of an autophosphoryla-
tion site other than that recognized by PN2A (Tyr1248). Alternatively,
ErbB-2 overexpression could serve as a surrogate marker of another
alteration, independent of ErbB-2 signaling, that in turn impacts sen-
sitivity to CAF.

A candidate surrogate might be topoisomerase II (topo II)
activity, a target for doxorubicin. The gene for topo II may be
coamplified (or deleted) when ERBB-2 is amplified.15-20 A better
outcome after anthracycline-containing chemotherapy than after
similar nonanthracycline-containing regimens for ErbB-2-positive
tumors21-23 may be related to coamplification of topo II.24,25 How-
ever, thus far, we have found no interaction between TOPO II gene
amplification and benefit from higher dose of CAF in this data
set,26 although topo II protein level or activity have not been
examined. It is possible that other elements of the ErbB-2 amplicon
may contribute to treatment response. Phase III trials have now
demonstrated a dramatic improvement in DFS when trastuzumab
is added to standard adjuvant therapy for patients with ErbB-2-
overexpressing tumors.27,28 In one adjuvant trastuzumab trial that
included a nonanthracycline-containing arm (carboplatin/do-
cetaxel/trastuzumab), preliminary results showed no significant

Table 3. Results of Proportional Hazards Multivariate Models for DFS and OS Using ERBB-2 FISH Score as a Dichotomous Variable (dichotomized at � 2.0) and
Phosphorylated ErbB-2 (P-ErbB-2, PN2A) Score Modeled as a Dichotomous Variable (0 v � 0)

Parameter

DFS OS

RR 95% CI df �2 P RR 95% CI df �2 P

RR
FISH 1.24 0.66 to 2.34 1.33 0.66 to 2.70
P-ErbB-2 0.89 0.37 to 2.17 0.94 0.37 to 2.35
Medium dose

FISH � CAF 1.69 0.66 to 4.28 2.03 0.77 to 5.39
P-ErbB-2 � CAF 1.72 0.51 to 5.72 1.28 0.37 to 4.44

High dose
FISH � CAF 0.68 0.25 to 1.83 0.88 0.30 to 2.56
P-ErbB-2 � CAF 1.50 0.44 to 5.08 0.85 0.21 to 3.42

Likelihood-ratio tests
FISH 1 1.86 .17 1 5.81 .016

P-ErbB-2 1 0.94 .33 1 0.002 .97
FISH � CAF 2 6.64 .036 2 6.26 .044

P-ErbB-2 � CAF 2 0.81 .67 2 0.38 .83

NOTE. Variables included in the multivariate model included dose, square of the number of positive axillary lymph nodes, tumor size, menopausal status, and FISH
or P-ErbB-2 status. For FISH assay, n � 497. FISH � CAF and P-ErbB-2 � CAF indicate tests of the interaction of FISH and P-ErbB-2 status, respectively (as
dichotomous variables), with dose of CAF. Bold font indicates statistical significance.

Abbreviations: DFS, disease-free survival; OS, overall survival; FISH, fluorescence in situ hybridization; RR, risk ratio; CAF, cyclophosphamide, doxorubicin, and fluorouracil.
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Fig 3. (A, C, E, G, I) Disease-free survival
and (B, D, F, H, J) overall survival. For each
ErbB-2 category shown, patients are subdi-
vided by cyclophosphamide, doxorubicin,
and fluorouracil dose. (A, B) ErB-2 � 0%; (C,
D) ErB-2-low/P-ErB-2-negative; (E, F) ErB-2-
low/P-ErB-2-positive; (G, H) Erb-2-high/P-ErB-
2-negative; (I, J) ErB-2-high/P-ErB-2-positive.
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difference between the anthracyline-containing arm and the non-
anthracycline arm in the total population, but possible superiority
of the anthracycline-containing arm among the subgroup of pa-
tients with coamplified topo II.29

A potential enhanced sensitivity of ErbB-2-overexpressing tu-
mors to anthracycline has been suggested by the prior results of this
CALGB study. In another CALGB study (9344), increasing the dose of
doxorubicin above 60 mg/m2 did not further improve the outcome of
ErbB-2-positive patients30; this raises the possibility that the associa-
tion found in this study occurred by chance, but there also could be a
threshold effect for response to doxorubicin. A similar interaction be-
tweenErbB-2andresponsiveness totwodifferentanthracyclineregimens
(FEC50 v FEC100) has been reported in the neoadjuvant setting.31 Thus,
when high-dose CAF is used, ErbB-2 overexpression may paradoxically
be a favorable prognostic factor. This favorable impact of ErbB-2 may be
even greater in the era of adjuvant trastuzumab. Preliminary evidence
from the metastatic setting suggests that ErbB-2 phosphorylation may
predict for sensitivity to trastuzumab.32,33 Hence in a chemotherapy-
trastuzumabcombination,activity-dependentand-independent interac-
tionsmaybeoperative.Independentlyoftrastuzumab,ourcurrentresults

show that high-dose CAF appears to overcome the adverse impact of
P-ErbB-2 among ErbB-2-overexpressing tumors.
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