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ABSTRACT

BACKGROUND
The status of human epidermal growth factor receptor type 2 (HER2) in breast-
cancer cells predicts clinical outcomes in women who receive adjuvant anthracycline-
based chemotherapy. We hypothesized that HER2 positivity predicts a benefit from
adjuvant doxorubicin doses above standard levels, from the addition of paclitaxel
after adjuvant chemotherapy with doxorubicin plus cyclophosphamide, or from both.

METHODS
We randomly selected 1500 women from 3121 women with node-positive breast
cancer who had been randomly assigned to receive doxorubicin (60, 75, or 90 mg per
square meter of body-surface area) plus cyclophosphamide (600 mg per square meter)
for four cycles, followed by four cycles of paclitaxel (175 mg per square meter) or
observation. Tissue blocks from 1322 of these 1500 women were available. Immuno-
histochemical analyses of these tissue specimens for HER2 with the CB11 mono-
clonal antibody against HER2 or with a polyclonal-antibody assay kit and fluores-
cence in situ hybridization for HER2 amplification were performed.

RESULTS

No interaction was observed between HER2 positivity and doxorubicin doses above
60 mg per square meter. HER2 positivity was, however, associated with a significant
benefit from paclitaxel. The interaction between HER2 positivity and the addition
of paclitaxel to the treatment was associated with a hazard ratio for recurrence of
0.59 (P=0.01). Patients with a HER2-positive breast cancer benefited from pacli-
taxel, regardless of estrogen-receptor status, but paclitaxel did not benefit patients
with HER2-negative, estrogen-receptor—positive cancers.

CONCLUSIONS
The expression or amplification, or both, of HER2 by a breast cancer is associated with
a benefit from the addition of paclitaxel after adjuvant treatment with doxorubicin
(<60 mg per square meter) plus cyclophosphamide in node-positive breast cancer,
regardless of estrogen-receptor status. Patients with HER2-negative, estrogen-recep-
tor—positive, node-positive breast cancer may gain little benefit from the administra-
tion of paclitaxel after adjuvant chemotherapy with doxorubicin plus cyclophos-
phamide.
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DJUVANT CHEMOTHERAPY IMPROVES
disease-free and overall survival in early-
stage breast cancer,® and anthracyclines
and taxanes are two of the most active agents in
such treatment.2 The Cancer and Leukemia
Group B (CALGB) 8541 trial showed that increas-
ing the dose of a doxorubicin (Adriamycin)-based
regimen from a relatively low dose (30 mg per
square meter of body-surface area) to what is now
considered to be a standard dose (60 mg per
square meter) is highly beneficial.>* Subsequently,
a randomized trial (CALGB 9344/INT0148) exam-
ined the effects of increased doses of doxorubi-
cin, above 60 mg per square meter, when com-
bined with cyclophosphamide (Cytoxan) at a dose
of 600 mg per square meter, plus four subsequent
cycles of paclitaxel (Taxol). Overall, there was no
benefit from doses of doxorubicin above 60 mg
per square meter, but the addition of paclitaxel
improved both disease-free survival and overall
survival.s
Adjuvant chemotherapy causes substantial mor-
bidity and occasional life-threatening toxic effects,
and it is costly. No biomarkers have been identi-
fied that can reliably predict a clinical benefit
from paclitaxel or escalating doses of doxorubi-
cin in women with breast cancer. HER2, a mem-
ber of the epidermal growth factor receptor fam-
ily, is amplified, overexpressed, or both in 15 to
20% of breast cancers.® HER2 overexpression and
amplification in breast-cancer cells are strong
predictors of a benefit from treatment with
trastuzumab,” and the status of HER2 in the tu-
mor might predict the results of other treatments
of breast cancer.® In a correlative study of breast-
cancer tissues from trial 8541, HER2 amplifica-
tion and overexpression were associated with
benefits from standard doses of doxorubicin but
not from low doses of doxorubicin.o1* However,
no studies have examined whether the overex-
pression or amplification of HER2 can predict a
benefit of increasing the dose of doxorubicin
above 60 mg per square meter. Results of pre-
clinical studies and preliminary clinical studies
regarding an interaction between HER2 status
and paclitaxel are inconsistent.'2?3 For these rea-
sons, we investigated whether HER2 expression
in the tumor identifies patients with breast can-
cer who are likely to benefit from doses of doxo-
rubicin above 60 mg per square meter, the addi-
tion of paclitaxel after adjuvant treatment with
doxorubicin plus cyclophosphamide, or both.

METHODS

PATIENTS

Patients eligible for CALGB 9344/INT0148 (enroll-
ment period, May 1994 to April 1999) were women
with node-positive breast cancer who had com-
pleted surgery with negative margins and were
appropriate candidates for adjuvant chemothera-
py.> A total of 3121 patients were treated accord-
ing to this protocol. All patients provided written
informed consent.

TISSUE COLLECTION, PROCESSING, STORAGE,
AND DISTRIBUTION
Approximately 90% of women enrolled in this
trial gave written informed consent for the col-
lection, storage, and analysis of formalin-fixed
paraffin-embedded primary breast-cancer tissue.
A tissue block or unstained tissue sections were
requested from each patient’s primary institution
by the pathology coordinating office of each of
the participating cooperative groups (CALGB,
Southwest Oncology Group, Eastern Cooperative
Oncology Group, and North Central Cancer Treat-
ment Group) and were collected at the CALGB
pathology coordinating office. Coded tissue sec-
tions were placed on glass slides without any pa-
tient identifiers and were distributed to the vari-
ous investigators’ laboratories for analysis in a
blinded fashion. HER2 data were submitted by
each investigator to the CALGB Statistical Center
for correlations with clinical outcomes.
Estrogen-receptor status was determined by
the local institutions by means of standard pro-
cedures, and positive or negative status was desig-
nated according to each institution’s policy as
recorded on the case-report form submitted to
CALGB. Estrogen-receptor data were available for
99.4% of patients enrolled in the clinical trial.

IMMUNOHISTOCHEMICAL ANALYSIS FOR HER2
EXPRESSION
Immunohistochemical analysis with the CB11
monoclonal antibody was performed as previously
described.>'* Tissue specimens were considered
to be positive for HER2 if 50% or more of breast-
cancer cells stained with CB11.0-1*
Immunohistochemical analysis with a poly-
clonal-antibody kit (Herceptest, Dako) was per-
formed by the clinical histology laboratory of the
Fletcher Allen Health Care Center according to
the instructions of the manufacturer (Dako). The
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standard scoring method was used, and only 3+
staining was considered to be positive for HER2
overexpression.?*

FLUORESCENCE IN SITU HYBRIDIZATION FOR HER2
AMPLIFICATION

Fluorescence in situ hybridization (FISH) was per-
formed with the use of the PathVysion HER-2 DNA
FISH Kit according to the instructions of the
manufacturer (Vysis). For each case, 60 nonover-
lapping invasive cancer nuclei were scored for the
centromere enumeration probe (CEP) 17 and HER2
signals. Tissue specimens were considered to be
amplified in HER2 if the HER2:CEP17 ratio was
2.00 or more.**

STATISTICAL ANALYSIS
The statistical analyses were specified in advance
in a written correlative protocol that was approved
by the Breast Cancer Intergroup of North America
Correlative Science Committee and subsequently
by the institutional review board of each of the
laboratory investigators’ institutions. The immuno-
histochemical assay with the CB11 monoclonal
antibody and FISH for HER2 amplification con-
stituted the principal objectives of this study;
results of the polyclonal-antibody test were also
evaluated. To preserve tissue and resources, a sam-
pling scheme was developed prospectively. Two
distinct and randomly selected groups of tissue
samples from 750 patients were identified from
the full sample of nearly 2800 available specimens.
The two groups of patients were similar with re-
spect to the number of positive lymph nodes, estro-
gen-receptor status, age, and treatment assign-
ment. Results of the two principal assays in the
combined groups were analyzed, whereas results
of the polyclonal-antibody test were analyzed in
only one group. We requested tissue specimens
from 1500 women who participated in the clini-
cal trial, and we obtained 643 and 679 tissue spec-
imens from groups 1 and 2, respectively (a total
of 1322 specimens).

The primary end point was disease-free survi-
val, defined in the parent study as the interval from
study entry until the first local or distant recur-
rence or death due to any cause. The interaction
effect was defined as the ratio of the hazard ra-
tios for recurrence or death with paclitaxel treat-
ment in women with HER2-positive tumors and
in those with HER2-negative tumors.

The principal analysis was based on a multi-
variate Cox proportional-hazards model for dis-

ease-free survival with the following covariates:
paclitaxel therapy, dose of doxorubicin, square
root of the number of positive nodes, tumor size,
menopausal status (premenopausal vs. perimeno-
pausal or postmenopausal), estrogen-receptor sta-
tus, HER2 status, and the presence or absence of
an interaction between HER2 positivity and pac-
litaxel. Adjustments for multiple comparisons
were not performed.

Disease-free survival for the paclitaxel and no-
paclitaxel groups was estimated with Kaplan—
Meier curves. Third-order interactions of HER2
positivity or negativity with estrogen-receptor sta-
tus and receipt or nonreceipt of paclitaxel were
analyzed for hypothesis generation, and no sig-
nificance levels are given for such interactions.
The two methods of assessing each of the bio-
markers were compared by calculating their level
of agreement with the use of the kappa statistic.
Results of this study are presented in accordance
with reporting recommendations for tumor-
marker prognostic studies (REMARK) criteria.?>

RESULTS

OUTCOMES AND CHARACTERISTICS OF SELECTED
SUBGROUPS

The overall results of the CALGB 9344 trial with
approximately 5 years of follow-up have been re-
ported.> With approximately 10 years of follow-
up, the results have remained qualitatively similar.
No significant differences in either disease-free
survival or overall survival were observed for doxo-
rubicin doses above 60 mg per square meter. The
hazard ratios for recurrence and death with the
use of doxorubicin doses of 60 mg per square
meter as compared with 90 mg per square meter
were 0.97 (95% confidence interval [CI], 0.86 to
1.13; P=0.73) and 1.03 (95% CI, 0.89 to 1.23;
P=0.56), respectively. The addition of paclitaxel
resulted in significant improvements in disease-
free and overall survival. The hazard ratios for re-
currence and death with the addition of paclitaxel
after doxorubicin plus cyclophosphamide were
0.81 (95% CI, 0.73 to 0.91; P<0.001) and 0.81
(95% CI, 0.72 to 0.92; P=0.001), respectively.

To verify that each group of selected patients
was representative of the entire population of
women in the 9344 trial, we compared the number
of involved lymph nodes, tumor size, estrogen-
receptor status, and assigned treatment in the
test groups and all treated patients in the trial
(Table 1). There were no detectable differences in
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Table 1. Characteristics of All Treated Patients in the 9344 Trial and in This Study.*

All Treated Patients

Subgroup of Patients with HER2

Other Patients

N ENGLJ MED 357;15 WWW.NEJM.ORG OCTOBER 11, 2007

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.
Copyright © 2007 Massachusetts Medical Society. All rights reserved.

Variable (N=3121) Data Included in This Study (N=1799)
Group 1 (N=643) Group 2 (N=679)
number of patients (percent)
Treatment
Doxorubicin (60 mg/m?) plus cyclophosphamide (600 mg/m?) 533 (17) 104 (16) 121 (18) 308 (17)
plus paclitaxel
Doxorubicin (60 mg/m?) plus cyclophosphamide (600 mg/m?) 515 (16) 106 (16) 104 (15) 305 (17)
Doxorubicin (75 mg/m?) plus cyclophosphamide (600 mg/m?) 517 (17) 115 (18) 111 (16) 291 (16)
plus paclitaxel
Doxorubicin (75 mg/m?) plus cyclophosphamide (600 mg/m?) 523 (17) 108 (17) 105 (15) 310 (17)
Doxorubicin (90 mg/m?) plus cyclophosphamide (600 mg/m?) 520 (17) 94 (15) 128 (19) 298 (17)
plus paclitaxel
Doxorubicin (90 mg/m?) plus cyclophosphamide (600 mg/m?) 513 (16) 116 (18) 110 (16) 287 (16)
Age
<40 yr 636 (20) 131 (20) 133 (20) 372 (21)
40-49 yr 1248 (40) 259 (40) 257 (38) 732 (41)
50-59 yr 843 (27) 176 (27) 206 (30) 461 (26)
260 yr 394 (13) 77 (12) 33 (12) 234 (13)
Race or ethnic group
White 2611 (84) 537 (84) 572 (84) 1502 (83)
Hispanic 127 (4) 35 (5) 26 (4) 66 (4)
Black 296 (9) 49 (8) 58 (9) 189 (11)
Asian 52 (2) 13 (2) 14 (2) 25 (1)
Other 35 (1) 9 (1) 9 (1) 17 (1)
Menopausal status
Premenopausal 1925 (62) 392 (61) 417 (61) 1116 (62)
Perimenopausal or postmenopausal 1196 (38) 251 (39) 262 (39) 683 (38)
Tumor size
<2cm 1096 (35) 215 (33) 240 (35) 641 (36)
>2cm 2008 (64) 427 (66) 434 (64) 1147 (64)
Missing data 17 (<1) 1 (<1) 5 (<1) 11(<1)
Estrogen-receptor status
Positive 1840 (59) 364 (57) 418 (62) 1058 (59)
Negative or unknown 1281 (41) 279 (43) 261 (38) 741 (41)
Positive lymph nodes
1-3 1452 (46) 306 (48) 314 (46) 832 (46)
4-9 1310 (42) 259 (40) 293 (43) 758 (42)
=10 360 (12) 78 (12) 72 (11) 210 (12)
Mastectomy as primary treatment 2177 (70) 457 (71) 477 (70) 1243 (69)
5-yr survival percent (95 percent confidence interval)
Disease-free 67 (66-69) 67 (64-71) 70 (67-74) 67 (65-69)
Overall 78 (77-80) 78 (75-81) 80 (77-83) 78 (76-80)
* None of the variables differed significantly between groups. Percentages may not sum to 100 because of rounding.
7 Race or ethnic group was reported by the patients.
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Figure 1. Clinical Outcomes in Patients Treated with or without Paclitaxel, According to HER2 Status.

Patients were randomly assigned to receive four cycles of paclitaxel (175 mg per square meter) or no further chemo-
therapy with paclitaxel after completion of four cycles of doxorubicin plus cyclophosphamide. Disease-free survival
for group 1 (Panels A and B), overall survival for group 1 (Panels C and D), disease-free survival for group 2 (Panels
E and F), and overall survival for group 2 (Panels G and H) were assessed according to negative or positive HER2
expression, as determined by means of immunohistochemical analysis with the CB11 monoclonal antibody.

demographic or prognostic features between
groups 1 and 2 or between these groups and the
remaining, unselected patients. In the com-
bined groups, 97.4% of the patients with estro-
gen-receptor—positive tumors received tamoxifen,

a proportion that was similar to that for the
entire study (96.8%). Five-year disease-free and
overall survival rates were similar for group 1 and
group 2 and for the remaining, unselected pa-
tients (Table 1).
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Table 2. Results of Multivariate Models of the Interaction of HER2 Positivity and Paclitaxel Treatment.*

End Point Group 1 (N=643) Group 2 (N=679) Combined Groups 1 and 2 (N=1322)
Hazard Ratiof P Value Hazard Ratiof P Value Hazard Ratiof P Value

Recurrence 0.63 0.15 0.52 0.03 0.59 0.01

Death 0.61 0.17 0.52 0.03 0.57 0.01

* HER2 positivity was analyzed by means of immunohistochemical analysis with the CB11 monoclonal antibody and categorized according to
whether there were <50% or =50% positive cells.
7 The values shown are the hazard ratio for recurrence in the interaction between HER2 positivity and the addition of paclitaxel.

DOXORUBICIN DOSE AND HER2 STATUS

No significant association between HER2 over-
expression, according to immunohistochemical
analysis with the CB11 monoclonal antibody, and
escalation of the doxorubicin dose to 75 mg per
square meter or 90 mg per square meter was ob-
served in group 1 or 2 or in the combined groups.
The rate of disease-free survival at 5 years in the
combined groups for patients with a HER2-posi-
tive tumor who received 60 mg per square meter
or for those who received 90 mg per square meter
was 63% (95% CI, 52 to 76) and 63% (95% CI, 53 to
73), respectively, whereas the rate of disease-free
survival at 5 years for patients with a HER2-nega-
tive tumor who received 60 mg per square meter
and for those who received 90 mg per square
meter was 72% (95% CI, 67 to 77) and 69% (95%
CI, 64 to 74), respectively.

PACLITAXEL AND HER2 STATUS
Disease-free survival and overall survival among
patients who did or did not receive paclitaxel were
analyzed according to HER2 status as established
by immunohistochemical analysis with the CB11
monoclonal antibody (Fig. 1). The apparent inter-
action between HER2 positivity and the addition
of paclitaxel in group 1 was not significant (hazard
ratio for recurrence in the interaction between
HER?2 positivity and the addition of paclitaxel,
0.63; P=0.15) (Table 2) (Fig. 1A through 1D). We
further examined this interaction in group 2. In
group 2, the hazard ratio for recurrence in the in-
teraction between HER2 positivity and the addition
of paclitaxel was 0.52 (P=0.03) (Table 2) (Fig. 1E
through 1H). When the two groups were com-
bined, in multivariate analyses the hazard ratio for
recurrence in the interaction between HER2 posi-
tivity and the addition of paclitaxel to the treat-
ment was 0.59 (P=0.01) (Table 3). The hazard ratio
for death in the combined groups for the HER2—
paclitaxel interaction was 0.57 (P=0.01) (Table 2).

Table 3. Multivariate Analysis of Disease-free Survival for Groups 1 and 2
Combined.*

Hazard Ratio
Variable for Recurrence P Value
No. of positive nodes (square root) 1.49 <0.001
Tumor size 1.34 0.002
Positive estrogen-receptor status 0.65 <0.001
Age 1.00 0.61
Paclitaxel treatment 0.85 0.09
Positive HER2 status 1.00 0.04
HER2—paclitaxel interaction 0.597 0.01

st

* HER2 positivity was analyzed by means of immunohistochemical analysis
with the CB11 monoclonal antibody and categorized according to whether
there were <50% or =50% positive cells.

 The value shown is the hazard ratio for recurrence in the interaction between
HER?2 positivity and the addition of paclitaxel.

PACLITAXEL AND HER2 AND ESTROGEN-RECEPTOR
STATUS

Since an estrogen-receptor—positive tumor can be
a negative predictive factor for the response to
chemotherapy in breast cancer,2°28 we performed
an exploratory analysis of the benefit of paclitaxel
based on HER2 positivity and estrogen-receptor
status (Fig. 2). For this analysis, we examined
disease-free survival in the combined groups,
and HER2 was evaluated with the CB11 antibody.
Figure 2 shows Kaplan—Meier curves for disease-
free survival in the paclitaxel and no-paclitaxel
groups for each estrogen-receptor-HER2 combina-
tion. Log-rank P values are provided as a measure
of discordance and should be viewed as descrip-
tive, not inferential. In this analysis, paclitaxel
was associated with improved disease-free surviv-
al among patients with HER2-positive tumors, an
effect that was independent of estrogen-receptor
status (Fig. 2C and 2D). In the small subgroup of
patients with cancers that were estrogen-recep-
tor—positive and HER2-positive, paclitaxel appeared
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Figure 2. Disease-free Survival among Patients Treated with or without Paclitaxel According to Estrogen-Receptor

Patients were randomly assigned to receive four cycles of paclitaxel (175 mg per square meter) or no further chemo-
therapy with paclitaxel after completion of four cycles of doxorubicin and cyclophosphamide. Disease-free survival for
patients in groups 1 and 2 combined was determined according to negative HER2 expression (Panels A and B) or pos-
itive HER2 expression (Panels C and D), as determined by immunohistochemical analysis with the CB11 monoclonal
antibody, or according to negative estrogen-receptor (Panels A and C) or positive estrogen-receptor (Panels B and D)
expression, as determined at the local institutions. The log-rank P value in each panel is for the comparison of
Kaplan—Meier disease-free survival curves in the paclitaxel and no-paclitaxel groups and does not represent the
three-way interaction among HER2 positivity, estrogen-receptor negativity, and a benefit from paclitaxel.

to be beneficial (Fig. 2D). However, paclitaxel did
not benefit patients with estrogen-receptor—posi-
tive, HER2-negative cancers (Fig. 2B). This sub-
group included more than 50% of patients in this
study.

PACLITAXEL AND METHOD OF HER2 ANALYSIS

We compared the results of immunohistochemi-
cal analysis with the CB11-antibody test, with the
polyclonal-antibody test, and with FISH. The qual-
itative results of all three assays were similar
(Fig. 3). The interaction term between HER2 expres-
sion and a benefit from paclitaxel (within group
1 only) reached significance in only one of the
three comparisons (with the polyclonal-antibody
test, P=0.04; P=0.06 with FISH). The mean (=SD)

kappa statistic was 85+2.6% for the level of agree-
ment between immunohistochemical analysis with
the CB11-antibody test and the polyclonal-anti-
body test, 79+3.2% for the level of agreement be-
tween immunohistochemical analysis with the
CB11-antibody test and FISH, and 80+3.0% for
the level of agreement between the polyclonal-
antibody test and FISH.

DISCUSSION

We observed a significant interaction between the
HER2 status of the tumor and the benefit of ad-
juvant paclitaxel in patients with node-positive
breast cancer who received four cycles of doxoru-
bicin plus cyclophosphamide. Our results indicate
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Figure 3. Disease-free Survival among Patients Treated with or without Paclitaxel According to Different Methods

Patients were randomly assigned to receive four cycles of paclitaxel (175 mg per square meter) or no further chemo-
therapy after completion of four cycles of doxorubicin and cyclophosphamide. Disease-free survival for patients in
group 1 was determined according to negative HER2 expression (Panels A and C) or positive HER2 expression (Pan-
els B and D), as determined by immunohistochemical analysis with the CB11 monoclonal antibody (Panels A and B)
or the polyclonal-antibody test (Panels C and D), or according to HER2 amplification (Panel F) or no amplification
(Panel E), as determined by fluorescence in situ hybridization (FISH).

that HER2 positivity can predict improvement in
disease-free survival and overall survival by the
addition of paclitaxel to doxorubicin plus cyclo-
phosphamide. In contrast, no interaction was ob-
served between HER2 status and doses of doxo-
rubicin above 60 mg per square meter.

The HER2—paclitaxel interaction was observed
regardless of whether HER2 positivity was deter-
mined by means of either of two immunohisto-
chemical methods or whether HER2 gene ampli-
fication was determined by means of FISH. Our
data do not suggest that one assay is more robust

than any other of the three. In this study, we used
dichotomous cutoffs to designate whether a tu-
mor was positive or negative for expression or
amplification of HER2. A panel convened by the
American Society of Clinical Oncology and the
College of American Pathologists recently issued
guidelines for HER2 testing by means of immu-
nohistochemical analysis or FISH in which they
proposed categories of HER2 results that should
be considered to be equivocal.?>3° In our study,
these categories applied to only 13 and 16 patients,
respectively, precluding meaningful analyses.
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In an exploratory analysis, we observed an ap-
parent three-way interaction among HER2 posi-
tivity, estrogen-receptor negativity, and a benefit
from paclitaxel. We found no benefit of pacli-
taxel in patients with HER2-negative, estrogen-
receptor—positive breast cancer (Fig. 2B). This
subgroup represents more than half the patients
with node-positive breast cancer who participated
in the CALGB 9344 trial and who would, under
most current circumstances, receive a taxane with
or after cyclophosphamide plus an anthracycline.
Our studies suggest that such patients could
avoid the toxic effects associated with adjuvant
paclitaxel when given after doxorubicin plus cyclo-
phosphamide.> Our results require validation be-
fore adoption into clinical practice, however.

CALGSB trials that enrolled patients with node-
positive breast cancer from 1985 to 1997, includ-
ing the CALGB 9344 trial, showed incremental
benefits in disease-free survival and overall sur-
vival.#>3% These studies compared what would
now be considered insufficient doses of cyclo-
phosphamide, doxorubicin, and fluorouracil with
higher doses of the same regimen (CALGB 8541),
the addition of paclitaxel to standard doses of
doxorubicin and cyclophosphamide (CALGB 9344),
and more recently, the administration of doxo-
rubicin, cyclophosphamide, and paclitaxel every
2 weeks instead of every 3 weeks (CALGB 9741).
In each case, the additional benefit of the inves-
tigational strategy as compared with the standard
treatment was substantially greater in patients
with estrogen-receptor—negative breast cancer
than in patients with estrogen-receptor—positive
breast cancer.?® However, this differential bene-
fit was not limited to the estrogen-receptor—-neg-
ative subgroup in any of these studies, suggesting
that estrogen-receptor status is not an absolute
predictor of a benefit from additional or dose-
dense chemotherapy. The results of the present
study suggest that HER2 assessment can refine
predictions of a benefit from chemotherapy.

Previous studies have shown that the response
to regimens containing doxorubicin at a dose of
up to 60 mg per square meter is strongly corre-
lated with HER2 amplification, overexpression, or
both.>1* Other investigators showed that any ben-
efit from an anthracycline is associated with
HER2 status and that HER2 positivity may be a
surrogate for abnormalities in the topoisomerase II
gene, which is present on the same amplicon as

HER2.8:32 Qur data, however, indicate that there
is no detectable HER2—-doxorubicin effect when
the dose of doxorubicin is higher than 60 mg per
square meter.

Preclinical data regarding HER2 status and
the response to taxanes are contradictory.18:33-38
However, in one trial, patients with HER2-posi-
tive metastatic breast cancer were more likely to
benefit from a paclitaxel-containing regimen than
patients with HER2-negative disease'?; this find-
ing is consistent with our results.

Trastuzumab, a humanized monoclonal anti-
body against HER2, decreases the risks of recur-
rence and death among women with HER2-posi-
tive breast cancer by approximately one half and
one third, respectively.3*#> We cannot speculate
on how the addition of trastuzumab might affect
our results. However, the benefits of trastuzumab
would not affect our observation that paclitaxel
appeared to have little, if any, benefit in patients
with HER2-negative, estrogen-receptor—positive
tumors.

We found a significant association between
HER2 positivity and a benefit from the addition
of paclitaxel after adjuvant treatment with doxo-
rubicin plus cyclophosphamide in women with
node-positive, stage II breast cancer. Our data
raise the possibility of a three-way interaction
among HER2 negativity, estrogen-receptor posi-
tivity, and a lack of benefit from paclitaxel.
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APPENDIX
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— M.S. Ernstoff; Long Island Jewish Medical Center, Lake Success, NY — M. Citron; Massachusetts General Hospital, Boston — M.L.
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ton University School of Medicine, St. Louis — N. Bartlett; Weill Medical College of Cornell University, New York — S. Wadler.

REFERENCES

1. Early Breast Cancer Trialists’ Collab-
orative Group (EBCTCQG). Effects of che-
motherapy and hormonal therapy for early
breast cancer on recurrence and 15-year
survival: an overview of the randomised
trials. Lancet 2005;365:1687-717.

2. Smith I, Chua S. Medical treatment of
early breast cancer. I. Adjuvant treatment.
BMJ 20006;332:34-7.

3. Wood WC, Budman DR, Korzun AH,
et al. Dose and dose intensity of adjuvant
chemotherapy for stage II, node-positive
breast carcinoma. N Engl J Med 1994;
330:1253-9. [Erratum, N Engl ] Med 1994;
331:139.]

4. Budman DR, Berry DA, Cirrincione
CT, etal. Dose and dose intensity as deter-
minants of outcome in the adjuvant treat-
ment of breast cancer. J Natl Cancer Inst
1998;90:1205-11.

5. Henderson IC, Berry DA, Demetri GD,
et al. Improved outcomes from adding se-
quential paclitaxel but not from escalating
doxorubicin dose in an adjuvant chemo-
therapy regimen for patients with node-
positive primary breast cancer. J Clin On-
col 2003;21:976-83.

6. Slamon DJ, Clark GM, Wong SG,
Levin WJ, Ullrich A, McGuire WL. Human
breast cancer: correlation of relapse and
survival with amplification of the HER-2/
neu oncogene. Science 1987;235:177-82.
7. Mass RD, Press MF, Anderson S, et al.
Evaluation of clinical outcomes according
to HER2 detection by fluorescence in situ
hybridization in women with metastatic
breast cancer treated with trastuzumab.
Clin Breast Cancer 2005;6:240-6.

8. Yamauchi H, Stearns V, Hayes DF.
When is a tumor marker ready for prime
time? A case study of c-erbB-2 as a predic-
tive factor in breast cancer. J Clin Oncol
2001;19:2334-56.

9. Muss HB, Thor AD, Berry DA, et al.
c-erbB-2 expression and response to adju-
vant therapy in women with node-positive
early breast cancer. N Engl J Med 1994;

330:1260-6. [Erratum, N Engl ] Med 1994;
331:211.]

10. Thor AD, Berry DA, Budman DR, etal.
erbB2, p53, and efficacy of adjuvant ther-
apy in lymph node-positive breast cancer.
J Natl Cancer Inst 1998;90:1346-60.

11. Dressler LG, Berry DA, Broadwater G,
et al. Comparison of HER2 status by fluo-
rescence in situ hybridization and immu-
nohistochemistry to predict benefit from
dose escalation of adjuvant doxorubicin-
based therapy in node-positive breast can-
cer patients. J Clin Oncol 2005;23:4287-97.
12. Yu D. Mechanisms of ErbB2-mediated
paclitaxel resistance and trastuzumab-
mediated paclitaxel sensitization in ErbB2-
overexpressing breast cancers. Semin On-
col 2001;28:Suppl 16:12-7.

13. Formenti SC, Spicer D, Skinner K, et al.
Low HER2/neu gene expression is associ-
ated with pathological response to concur-
rent paclitaxel and radiation therapy in lo-
cally advanced breast cancer. Int J Radiat
Oncol Biol Phys 2002;52:397-405.

14. Sjostrom J, Collan J, von Boguslawski
K, et al. C-erbB-2 expression does not pre-
dict response to docetaxel or sequential
methotrexate and 5-fluorouracil in ad-
vanced breast cancer. Eur J Cancer 2002;
38:535-42.

15. Tulbah AM, Ibrahim EM, Ezzat AA, et
al. HER-2/neu overexpression does not pre-
dict response to neoadjuvant chemothera-
py or prognosticate survival in patients
with locally advanced breast cancer. Med
Oncol 2002;19:15-23.

16. Van Poznak C, Tan L, Panageas KS, et
al. Assessment of molecular markers of
clinical sensitivity to single-agent taxane
therapy for metastatic breast cancer. J Clin
Oncol 2002;20:2319-26.

17. Schmidt M, Bachhuber A, Victor A, et
al. p53 Expression and resistance against
paclitaxel in patients with metastatic
breast cancer. J Cancer Res Clin Oncol
2003;129:295-302.

18. Witters LM, Santala SM, Engle L, Chin-

chilli V, Lipton A. Decreased response to
paclitaxel versus docetaxel in HER-2/neu
transfected human breast cancer cells.
Am J Clin Oncol 2003;26:50-4.

19. Konecny GE, Thomssen C, Liick HJ,
et al. Her-2/neu gene amplification and
response to paclitaxel in patients with
metastatic breast cancer. J Natl Cancer Inst
2004;96:1141-51.

20. Di Leo A, Chan S, Paesmans M, et al.
HER-2/neu as a predictive marker in a pop-
ulation of advanced breast cancer patients
randomly treated either with single-agent
doxorubicin or single-agent docetaxel.
Breast Cancer Res Treat 2004;86:197-2006.
21. Gonzalez-Angulo AM, Krishnamurthy
S, Yamamura Y, et al. Lack of association
between amplification of her-2 and re-
sponse to preoperative taxanes in patients
with breast carcinoma. Cancer 2004;101:
258-63.

22. Rouzier R, Perou CM, Symmans WF,
et al. Breast cancer molecular subtypes re-
spond differently to preoperative chemo-
therapy. Clin Cancer Res 2005;11:5678-85.
23. Sezgin C, Karabulut B, Uslu R, et al.
Potential predictive factors for response to
weekly paclitaxel treatment in patients with
metastatic breast cancer. ] Chemother 2005;
17:96-103.

24, Paik S, Bryant J, Tan-Chiu E, et al.
Real-world performance of HER2 testing
— National Surgical Adjuvant Breast and
Bowel Project experience. J Natl Cancer
Inst 2002;94:852-4.

25. McShane LM, Altman DG, Sauerbrei W,
Taube SE, Gion M, Clark GM. Reporting
recommendations for tumor marker prog-
nostic studies. J Clin Oncol 2005;23:9067-
72.

26. Lippman ME, Allegra JC, Thompson
EB, et al. The relation between estrogen
receptors and response rate to cytotoxic
chemotherapy in metastatic breast cancer.
N Engl J Med 1978;298:1223-8.

27. Regan MM, Gelber RD. Predicting re-
sponse to systemic treatments: learning

N ENGLJ MED 357;15 WWW.NEJM.ORG OCTOBER 11, 2007

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.

Copyright © 2007 Massachusetts Medical Society. All rights reserved.

1505



1506

HER2 AND PACLITAXEL IN NODE-POSITIVE BREAST CANCER

from the past to plan for the future. Breast
2005;14:582-93.

28. Berry DA, Cirrincione C, Henderson
IC, et al. Estrogen-receptor status and out-
comes of modern chemotherapy for pa-
tients with node-positive breast cancer.
JAMA 2006;295:1658-67. [Erratum, JAMA
20006;295:2356.]

29. Wolff AC, Hammond ME, Schwartz JN,
et al. American Society of Clinical Oncol-
ogylCollege of American Pathologists
guideline recommendations for human
epidermal growth factor receptor 2 test-
ing in breast cancer. J Clin Oncol 2007;25:
118-45.

30. Wolff AC, Hammond ME, Schwartz
JN, et al. American Society of Clinical On-
cology/College of American Pathologists
guideline recommendations for human epi-
dermal growth factor receptor 2 testing
in breast cancer. Arch Pathol Lab Med
2007;131:18.

31. Citron ML, Berry DA, Cirrincione C, et
al. Randomized trial of dose-dense versus
conventionally scheduled and sequential
versus concurrent combination chemother-
apy as postoperative adjuvant treatment of
node-positive primary breast cancer: first
report of Intergroup Trial C9741/Cancer
and Leukemia Group B Trial 9741. J Clin

Oncol 2003;21:1431-9. [Erratum, J Clin On-
col 2003;21:2226.]

32. Pritchard KI, Shepherd LE, O’Malley
FD, etal. HER2 and responsiveness of breast
cancer to adjuvant chemotherapy. N Engl
J Med 2006;354:2103-11.

33. Ueno NT, Yu D, Hung MC. Chemosen-
sitization of HER-2/neu-overexpressing hu-
man breast cancer cells to paclitaxel (Tax-
ol) by adenovirus type 5 E1A. Oncogene
1997;15:953-60.

34. Pegram MD, Lopez A, Konecny G,
Slamon DJ. Trastuzumab and chemother-
apeutics: drug interactions and synergies.
Semin Oncol 2000;27:Suppl 11:21-5.

35. Ueno NT, Bartholomeusz C, Herrmann
JL, et al. E1A-mediated paclitaxel sensiti-
zation in HER-2/neu-overexpressing ovar-
ian cancer SKOV3.ipl through apoptosis
involving the caspase-3 pathway. Clin Can-
cer Res 2000;6:250-9.

36. Bacus SS, Gudkov AV, Lowe M, et al.
Taxol-induced apoptosis depends on MAP
kinase pathways (ERK and p38) and is inde-
pendent of p53. Oncogene 2001;20:147-55.
37. Tanabe K, Kim R, Inoue H, Emi M,
Uchida Y, Toge T. Antisense Bcl-2 and HER-
2 oligonucleotide treatment of breast can-
cer cells enhances their sensitivity to anti-
cancer drugs. Int J Oncol 2003;22:875-81.

38. Abuharbeid S, Apel J, Zugmaier G, et
al. Inhibition of HER-2 by three indepen-
dent targeting strategies increases pacli-
taxel resistance of SKOV-3 ovarian carci-
noma cells. Naunyn Schmiedebergs Arch
Pharmacol 2005;371:141-51.

39. Piccart-Gebhart MJ, Procter M, Leyland-
Jones B, et al. Trastuzumab after adjuvant
chemotherapy in HER2-positive breast can-
cer. N Engl J Med 2005;353:1659-72.

40. Romond EH, Perez EA, Bryant]J, et al.
Trastuzumab plus adjuvant chemotherapy
for operable HER2-positive breast cancer.
N EnglJ Med 2005;353:1673-84.

41. Slamon D, Eiermann W, Robert N, et
al. Phase III randomized trial comparing
doxorubicin and cyclophosphamide fol-
lowed by docetaxel with doxorubicin and
cyclophosphamide followed by docetaxel
and trastuzumab with docetaxel, carbo-
platin and trastuzumab in HER-2 positive
early breast cancer patients: BCIRG 006
study. Breast Cancer Res Treat 2005;94:S5.
abstract.

42. Joensuu H, Kellokumpu-Lehtinen P-L,
Bono P, et al. Adjuvant docetaxel or vino-
relbine with or without trastuzumab for
breast cancer. N EnglJ Med 2006;354:809-
20.

Copyright © 2007 Massachusetts Medical Society.

POSTING PRESENTATIONS AT MEDICAL MEETINGS ON THE INTERNET
Posting an audio recording of an oral presentation at a medical meeting on the
Internet, with selected slides from the presentation, will not be considered prior
publication. This will allow students and physicians who are unable to attend the
meeting to hear the presentation and view the slides. If there are any questions
about this policy, authors should feel free to call the Journal’s Editorial Offices.

N ENGLJ MED 357;15 WWW.NEJM.ORG OCTOBER 11, 2007

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



