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A B S T R A C T

Purpose
Retrospective studies suggest that primary breast cancers lacking estrogen receptor (ER) and
progesterone receptor (PR) and not overexpressing human epidermal growth factor receptor 2 (HER2;
triple-negative tumors) are particularly sensitive to DNA-damaging chemotherapy with alkylat-
ing agents.

Patients and Methods
Patients enrolled in International Breast Cancer Study Group Trials VIII and IX with node-negative,
operable breast cancer and centrally assessed ER, PR, and HER2 were included (n � 2,257). The
trials compared three or six courses of adjuvant classical cyclophosphamide, methotrexate, and
fluorouracil (CMF) with or without endocrine therapy versus endocrine therapy alone. We explored
patterns of recurrence by treatment according to three immunohistochemically defined tumor
subtypes: triple negative, HER2 positive and endocrine receptor absent, and endocrine recep-
tor present.

Results
Patients with triple-negative tumors (303 patients; 13%) were significantly more likely to have
tumors � 2 cm and grade 3 compared with those in the HER2-positive, endocrine receptor–
absent, and endocrine receptor–present subtypes. No clear chemotherapy benefit was observed
in endocrine receptor–present disease (hazard ratio [HR], 0.90; 95% CI, 0.74 to 1.11). A statistically
significantly greater benefit for chemotherapy versus no chemotherapy was observed in triple-
negative breast cancer (HR, 0.46; 95% CI, 0.29 to 0.73; interaction P � .009 v endocrine
receptor–present disease). The magnitude of the chemotherapy effect was lower in HER2-positive
endocrine receptor–absent disease (HR, 0.58; 95% CI, 0.29 to 1.17; interaction P � .24 v
endocrine receptor–present disease).

Conclusion
The magnitude of benefit of CMF chemotherapy is largest in patients with triple-negative,
node-negative breast cancer.

J Clin Oncol 28:2966-2973. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Recommended principles for the choice of therapies
in operable breast cancer include the recognition of
diverse subtypes of breast cancer and the identifica-
tion of particular targets based on genetic signature
and immunohistochemistry.1 Recent studies using
DNA microarray profiling have led to classifica-
tion of invasive breast cancer subgroups with
common molecular features2-4 and the recogni-

tion that breast cancer is a heterogeneous entity.5,6

Several molecular subgroups have been proposed:
human epidermal growth factor receptor 2 (HER2)
–overexpressing/estrogen receptor (ER) –negative
and progesterone receptor (PR) –negative tumors,
basal-like (ER-, PR-, and HER2-negative disease),
and luminal-like (ER and/or PR expression).3,4

An immunohistochemical (IHC) profile
based on the degree of expression of ER, PR, and
HER2 similarly identifies subgroups of breast
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cancer patients who will respond to different systemic neoadjuvant
and adjuvant treatments.1,7 In the neoadjuvant setting, less benefit
from the introduction of chemotherapy can be expected among pa-
tients whose tumors contain high levels of ER compared with those
whose tumors are defined as endocrine receptor absent.8,9 Studies in
the adjuvant setting in the node-positive population, showed that
patients with ER-negative disease derived a greater benefit from
modern improvements in chemotherapy regimens when com-
pared with those with ER-positive disease.7,10 However, limited infor-
mation is available in the adjuvant setting on the responsiveness to
chemotherapy in the node-negative population.

The aim of this retrospective study was to evaluate the magnitude
of the effect of adjuvant classical CMF (cyclophosphamide, metho-
trexate, and fluorouracil) chemotherapy in a large series of patients
with node-negative breast cancer treated within the context of two
adjuvant trials according to centrally reviewed IHC subtypes.

PATIENTS AND METHODS

Patients were enrolled in two randomized clinical trials conducted by the
International Breast Cancer Study Group (IBCSG), which have been reported
elsewhere.11,12 Briefly, between 1990 and 1999, IBCSG Trial VIII randomly
assigned 1,109 assessable pre-/perimenopausal women with lymph node–
negative breast cancer to sequential treatment with six 28-day courses of
classical CMF chemotherapy followed by 18 monthly subcutaneous implants
of goserelin, six 28-day courses of classical CMF alone, 24 monthly implants of
goserelin alone, or no adjuvant treatment. The no-treatment arm was discon-
tinued in 1992 after 46 patients had been assigned to that group. Tamoxifen
was not prescribed. From 1988 to 1999, IBCSG Trial IX randomly assigned

1,669 eligible and assessable postmenopausal women with lymph node–nega-
tive breast cancer to sequential treatment with three 28-day courses of classical
CMF chemotherapy followed by tamoxifen for 57 months or tamoxifen (20
mg/d) alone for 5 years. The primary end point was disease-free survival
(DFS). Targeted anti-HER2 therapy was not used in these trials. The intention
to perform separate analyses according to ER status was specified in the
original protocol. In 1998, a protocol amendment for both trials restricted
enrollment to patients with ER-positive tumors on the basis of evidence from
other trials that ovarian ablation (in the case of Trial VIII) and tamoxifen alone
(in the case of Trial IX) were not effective for patients with ER-negative
tumors. Institutional review boards reviewed and approved the protocols, and
informed consent was required according to the criteria established within the
individual countries.

Central Pathology Review

Retrospective tissue collection was carried out in accordance with insti-
tutional guidelines and national laws. More than 80% of patients randomly
assigned in Trials VIII and IX had archival tumor material available for review
in the IBCSG Central Pathology Laboratory. Central pathology review was
conducted without knowledge of patient treatment assignment or outcome.
Expression of ER, PR, HER2, and Ki-67 labeling index (LI) in the primary
tumors was determined by IHC.13,14 Ki-67 LI was assessed using mouse
monoclonal antibody MIB-1 (1:200 dilution; Dako, Glostrup, Denmark); the
percentage of cells that showed definite nuclear immunoreactivity with MIB-1
among 2,000 invasive neoplastic cells in randomly selected high-power fields
(�400) at the periphery of the tumor was recorded.

Hormone receptor–absent status was defined as � 1% immunoreactive
cells, in accordance with recent reports.1,7 Whole tumor sections were incu-
bated with the specific primary mouse monoclonal antibodies to ER (clone
1D5; 1:100 dilution) or PR (clone 1A6; 1:800 dilution) (both from Dako).
HER2 immunoreactivity was assessed using a HercepTest kit (Dako), as rec-
ommended by the manufacturer, and was scored for the intensity of immu-
nostaining, the completeness of cell membrane staining, and the percentage of

Table 1. Patient and Disease Characteristics

Characteristic

Triple Negative
(n � 303)

HER2 Positive,
Endocrine
Receptor
Absent

(n � 119)

Endocrine
Receptor Present

(n � 1,835)

P �

Not Included†
(n � 521)

No. % No. % No. % No. %

Menopausal status
Premenopausal (IBCSG Trial VIII) 136 45 39 33 737 40 .07 195 37
Postmenopausal (IBCSG Trial IX) 167 55 80 67 1,098 60 326 63

Tumor size, cm
� 2 127 42 60 50 1,164 63 � .001 336 64
� 2 173 57 58 49 648 35 175 34
Unknown 3 1 1 1 3 1 10 2

Tumor grade
1 5 2 2 2 363 20 � .001 129 25
2 62 20 35 30 926 51 209 40
3 236 78 78 66 538 29 164 31
Unknown 0 0 4 3 8 0 19 4

Peritumoral vascular invasion
Yes 233 77 87 73 1,447 79 .24 393 75
No 44 15 24 20 280 15 70 13
Unknown 26 9 8 7 108 6 58 11

Age, years (mean � SD) 52.7 � 10.1 55.0 � 10.0 54.3 � 10.0 .03 54.1 � 10.1
IBCSG Trial VIII 43.6 � 5.7 44.2 � 6.4 44.4 � 5.4 .28 43.9 � 5.9
IBCSG Trial IX 60.1 � 5.9 60.3 � 6.4 60.9 � 6.2 .38 60.2 � 6.5

Abbreviations: HER2, human epidermal growth factor receptor 2; IBCSG, International Breast Cancer Study Group; SD, standard deviation.
�P values compare the three tumor subtypes and are based on Fisher’s exact test (menopausal status, tumor size, and peritumoral vascular invasion), the �2 test

(tumor grade), and the Kruskal-Wallis test (age).
†Central review of estrogen receptor, progesterone receptor, and HER2 not available.
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immunoreactive neoplastic cells by using a four-tier scale from 0 to 3�, as
previously described.14 HER2-negative status was defined as immunostaining
levels 0, 1�, and 2�, and HER2 overexpression was defined as intense and
complete membrane staining of � 10% of the tumor cells.

Fluorescent in situ hybridization testing was not performed because of
inadequate tumor sections. A patient’s tumor was considered triple negative if
ER and PR were both absent and HER2 status was negative. The tumor was
classified as HER2 positive, endocrine receptor absent if HER2 was overex-
pressed and ER and PR were both absent, and as endocrine receptor present if
either ER or PR or both were present. Patients with missing information
regarding ER, PR, and HER2 status were excluded from this analysis (n�521).

Statistical Analysis

The �2 test and Fisher’s exact test15 were used to evaluate associations
between tumor subtype and menopausal status (trial), tumor size, tumor
grade, and vessel invasion. The Kruskal-Wallis test16 was used to evaluate
associations with age categories.

DFS was defined as the time from random assignment to the first failure
(including relapse, second primary, or death). Time to relapse was defined as
the time from random assignment to any breast cancer relapse (local, regional,
or distant, including contralateral breast events). Overall survival (OS) was
defined as the time from random assignment to death from any cause. Patients
who were event free at the time of last follow-up were censored at that time.

Time to relapse was evaluated using cumulative incidence analysis
and competing-risks regression analysis.17 For these analyses, second non-
breast primaries and deaths without relapse were treated as competing
events. Tumor subtype status was evaluated as a treatment-effect modifier
after adjustment for other prognostic factors. The treatment comparison was
chemotherapy versus no chemotherapy.

Separate models were run according to menopausal status (defined by
trial population). Model-based hazard ratios (HRs) and 95% CIs for the
chemotherapy treatment effect were estimated according to tumor subtype.
Wald tests were used to determine the statistical significance of the interaction
effect of treatment group and tumor subtype. DFS and OS were estimated
using the product-limit method.18 The log-rank test19 was used to compare
treatment groups in terms of DFS and OS.

RESULTS

This analysis was conducted on the 2,257 patients for whom IHC-
defined tumor subtype was available (82.6% of the patients included
in Trials VIII and IX). Baseline characteristic of patients with centrally
assessed ER, PR, and HER2 and those of patients not included in the
analysis due to unavailability of central review were comparable (Ta-
ble 1), thus minimizing potential selection bias. A total of 303 patients
(13%) had triple-negative breast cancer, 119 (5%) had HER2-positive,
endocrine receptor–absent disease, and 1,835 (81%) had endocrine
receptor–present disease. A total of 1,255 women (56%) were ran-
domly assigned to receive chemotherapy, and the remaining 1,002
(44%) were assigned to no chemotherapy. The median follow-up was
11 years (maximum: 18.6 years).

Tumors larger than 2 cm and grade 3 tumors were more com-
monly observed among patients with triple-negative disease, followed
by those with HER2-positive, endocrine receptor–absent disease, and
those with endocrine receptor–present disease, respectively (57% v
49% v 35%; P � .001; tumor � 2 cm and 78% v 68% v 29%; P � .001;
grade 3).

Table 2 shows the numbers of relapse events available for each
subtype along with 10-year cumulative incidence rates. The cumula-
tive incidence rates in patients with endocrine receptor–present dis-
ease were similar in those patients who received chemotherapy when
compared with those allocated no chemotherapy (19% v 20%). By

contrast, a large difference in terms of incidence of events for chemo-
therapy versus no chemotherapy was observed in patients with triple-
negative (21% v 36%) or HER2-positive, endocrine receptor–absent
subtypes (27% v 41%). Table 3 shows the results of multivariable
competing-risk regression analyses predicting time to relapse. No
clear effect was observed in the endocrine receptor–present subtype
(HR, 0.90; 95% CI, 0.74 to 1.11). The magnitude of the chem-
otherapy effect was low both in patients with HER2-positive,
endocrine receptor–present disease (220 patients [10%]; HR,
0.73; 95% CI, 0.42 to 1.25) and in those with HER2-negative,
endocrine receptor–present disease (1,576 patients [71%]; HR,
0.93; 95% CI, 0.75 to 1.16). In contrast, a significant reduction in
the HR for chemotherapy versus no chemotherapy was observed
for the triple-negative subtype (HR, 0.46; 95% CI, 0.29 to 0.73;
interaction P � .009 relative to endocrine receptor–present sub-
type). A smaller effect was observed for the HER2-positive, endocrine
receptor–absent subtype (HR, 0.58; 95% CI, 0.29 to 1.17; interaction
P � .24 relative to endocrine receptor–present subtype).

Table 2. Cumulative Incidence Estimates of Relapse According to Tumor
Subtype, Menopausal Status, and Treatment Group

Treatment and Subtype
No. of

Patients

No. of
Relapse
Events

10-Year
Cumulative
Incidence of

Relapse � SE

All Patients
Triple negative

No CMF 133 49 36 � 4
CMF 170 38 21 � 3

HER2 positive, endocrine
receptor absent
No CMF 54 22 41 � 7
CMF 65 17 27 � 6

Endocrine receptor present
No CMF 815 171 20 � 1
CMF 1,020 203 19 � 1

Premenopausal patients (IBCSG
Trial VIII)

Triple negative
No CMF 49 21 39 � 7
CMF 87 25 27 � 5

HER2 positive, endocrine
receptor absent
No CMF 12 6 50 � 15
CMF 27 11 43 � 10

Endocrine receptor present
No CMF 263 69 27 � 3
CMF 474 100 21 � 2

Postmenopausal patients
(IBCSG Trial IX)

Triple negative
No CMF 84 28 34 � 5
CMF 83 13 15 � 4

HER2 positive, endocrine
receptor absent
No CMF 42 16 38 � 8
CMF 38 6 16 � 6

Endocrine receptor present
No CMF 552 102 17 � 2
CMF 546 103 18 � 2

Abbreviations: HER2, human epidermal growth factor receptor 2; IBCSG,
International Breast Cancer Study Group; CMF, cyclophosphamide, metho-
trexate, and fluorouracil.
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We conducted an exploratory analysis evaluating the magnitude
of the chemotherapy effect in endocrine receptor–present disease and
either HER2 positive and/or Ki-67 high (� 14%; 517 patients), and in
endocrine receptor–present disease and not HER2 positive or Ki-67
high (1,028 patients), in accordance with recently reported data.7 The
magnitude of the chemotherapy effect was not significant in both
groups (HR, 0.96; 95% CI, 0.74 to 1.23 and HR, 0.83; 95% CI, 0.53 to
1.30, respectively).

We also looked at relative risk reduction with chemotherapy in
the HER2-negative group (n � 2,046) versus the HER2-positive
group (n � 361). The respective HRs for chemotherapy versus no
chemotherapy (competing-risks regression analysis after adjustment
for peritumoral vascular invasion, tumor size, tumor grade, and
menopausal status) were 0.77 (95% CI, 0.64 to 0.93) and 0.70 (95% CI,
0.47 to 1.06). No significant interaction was detected between treat-
ment and HER2 status (P � .68).

Figures 1 and 2 illustrate the estimated subtype-specific cumula-
tive incidence of relapse over time according to treatment group for all
patients (Fig 1) and for premenopausal patients (Figs 2A through 2C)
and postmenopausal patients (Figs 2D through 2F). DFS and OS for
each subtype according to treatment are shown in Figure 3. Chemo-
therapy significantly improved 10-year DFS in the triple-negative sub-
type (73% v 57%; P � .007), whereas no effect was observed in the
endocrine receptor–present subtype (74% v 71%; P � .25).

Our analysis defined ER and PR according to absent or present,
using at least 1% of stained cells as the cutoff for hormone receptor
present. We also reanalyzed using the more arbitrary but often

used 10% cutoff to define hormone receptor positive (� 10%) and
negative (� 10%). The results were similar and are included in the
Appendix, in Appendix Tables A1-A4 (online only), and Appendix
Figures A1-A3 (online only).

DISCUSSION

Recognition of factors predictive of response has become crucial for
understanding treatment effects in the adjuvant treatment of breast

Table 3. Group-Specific Treatment HRs for Relapse Based on
Competing-Risks Regression

Tumor Subtype
HR (CMF v
No CMF) 95% CI P �

Overall
Interaction

P†

All patients
Triple negative 0.46 0.29 to 0.73 .009
HER2 positive, endocrine

receptor absent 0.58 0.29 to 1.17 .24
Endocrine receptor present 0.90 0.74 to 1.11 —

.022
Premenopausal patients (IBCSG

Trial VIII)
Triple negative 0.51 0.27 to 0.98 .22
HER2 positive, endocrine

receptor absent 0.68 0.22 to 2.14 .79
Endocrine receptor present 0.80 0.59 to 1.08 —

.47
Postmenopausal patients (IBCSG

Trial IX)
Triple negative 0.38 0.19 to 0.76 .01
HER2 positive, endocrine

receptor absent 0.37 0.13 to 1.03 .06
Endocrine receptor present 1.01 0.77 to 1.33 —

.0091

NOTE. The treatment comparison was CMF (cyclophosphamide, methotrex-
ate, and fluorouracil) chemotherapy v no CMF chemotherapy. Hazard ratio
(HR) estimates are adjusted for peritumoral vascular invasion, tumor size, and
tumor grade. For the “all patients” comparison, the HRs are also adjusted for
menopausal status.

Abbreviations: HER2, human epidermal growth factor receptor 2; IBCSG,
International Breast Cancer Study Group.

�All P values are interaction P values that assess heterogeneity of HRs
relative to the HR in the endocrine receptor–present group.

†Overall interaction P value assesses heterogeneity across all three groups.
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Fig 1. Estimated subtype-specific cumulative incidence of relapse over time
according to treatment group (CMF [cyclophosphamide, methotrexate, and
fluorouracil] chemotherapy v no CMF chemotherapy) for patients with (A)
triple-negative, (B) human epidermal growth factor receptor 2 (HER2) –positive,
endocrine receptor–absent, or (C) endocrine receptor–present tumors.
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cancer. Recent developments include increasing attention to predic-
tive factors and to systemic therapies prescribed in homogeneous
groups of patients according to the higher chance of response.1

Intrinsically different subtypes of breast cancer have been identi-
fied on the basis of genetic profile and IHC determination of selected
targets.3,7,20 Given the paramount importance of using targeted ther-

apies wherever possible for adjuvant treatment, timely, accurate, and
reliable histopathologic assessment that identifies and quantifies the
target is essential.

Emerging experimental and clinical studies have shown that ste-
roid hormone receptor expression and epidermal growth factor re-
ceptor (EGFR; mainly HER2) pathways, alone or in combination, play
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Fig 2. Estimated subtype-specific cumulative incidence of relapse over time according to treatment group (CMF [cyclophosphamide, methotrexate, and fluorouracil]
chemotherapy v no CMF chemotherapy) for premenopausal patients in International Breast Cancer Study Group (IBCSG) Trial VIII with (A) triple-negative tumors, (B)
human epidermal growth factor receptor 2 (HER2) –positive, endocrine receptor–absent tumors, or (C) endocrine receptor–present tumors and for postmenopausal
patients in IBCSG Trial IX with (D) triple-negative tumors, (E) HER2-positive, endocrine receptor–absent tumors, or (F) endocrine receptor–present tumors.
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key roles in the response to therapy in early breast cancer.21-23 We
therefore present our results to explore the question of chemotherapy
responsiveness in early breast cancer, focused on tumor subtypes
defined according to accepted cutoffs for ER, PR, and HER2 that have
known clinical relevance and are used in regular clinical practice for
treatment decision making.

This study provides useful insights into the treatment of breast
cancer because it is based on a large population of patients with

node-negative breast cancer treated within the context of randomized
clinical trials with standardized treatments and follow-up. The longer
(� 10 years) median follow-up is particularly important in a popula-
tion of node-negative patients. Moreover, a central pathology review
using modern procedures gave a consistent and accurate assessment of
the biologic features of primary breast cancers.

For several years, the correlation between the effects of adjuvant
chemotherapy and degree of steroid hormone expression was studied,
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Fig 3. Disease-free survival (DFS) and overall survival (OS) comparing patients assigned to CMF (cyclophosphamide, methotrexate, and fluorouracil) chemotherapy
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Breast Cancer Subtypes and Efficacy of Adjuvant Chemotherapy

www.jco.org © 2010 by American Society of Clinical Oncology 2971



but the interpretation of these results remains controversial.24,25 The
association between endocrine-responsiveness and outcome may be
confounded in retrospective analyses by the large variation in chemo-
therapy regimens, patient features, methods, and cutoffs used for the
determination of hormone receptors.

Recently published data from retrospective analyses of trial data
from Cancer and Leukemia Group B26 found that the additional
benefit of adding a taxane to adjuvant chemotherapy was not seen in
patients with HER2-negative, ER-positive tumors, while the US Breast
Cancer Intergroup review of 6,644 node-positive breast cancer pa-
tients who received adjuvant chemotherapy supports the value of
extensive modern adjuvant chemotherapy in patients with tumors
classified as ER negative.10 More recently, other authors reported that
patients with ER-negative tumors (both triple negative and HER2
positive) showed a better response to taxane-containing chemo-
therapy than to chemotherapy that does not contain taxane,7 again
supporting a possible increased chemosensitivity of those tumors that
did not express steroid hormone receptors.

The results of this study are in line with these findings, supporting
a larger effect for a particular chemotherapy regimen (classical CMF)
in a specific tumor subtype: triple negative. However, this study differs
from others already reported. Only a minority of published studies
have a median follow-up exceeding 5 years, while we report results
after a median of 11 years of follow-up. Such a prolonged follow-up is
particularly important for the assessment of delayed events seen
among patients with endocrine-responsive disease.27 Moreover, the
present study focuses on a node-negative population, which has a
lower metastatic potential. Finally, our analysis evaluates breast cancer
subtypeasa treatment-effectmodifier foracomparisonofchemother-
apy versus no chemotherapy, an approach which is not commonly
reported in the literature.

A potential limitation of this study might be related to the regi-
men most commonly used in the past (ie, classical CMF) and its
duration (three courses in the postmenopausal population). How-
ever, there is evidence that CMF chemotherapy is not inferior to
anthracycline-containing therapy in patients with HER2-negative
breast cancer.28 In particular, in a study that compared two regimens
with the same schedule and duration—cyclophosphamide, epirubi-
cin, and fluorouracil (CEF) and classical CMF—patients whose tu-
mors do not amplify or overexpress HER2 received virtually no benefit
from CEF compared with CMF.29,30 More recently, a retrospective
analysis from a randomized trial supports the hypothesis that
anthracycline-containing adjuvant chemotherapy regimens may be
inferior to adjuvant classical CMF in women with a core basal pheno-
type (negative for hormone receptors and HER2 and positive for
CK5/6 or EGFR).30 In particular, in the anthracycline-containing
chemotherapy (CEF) arm, patients with core basal tumors had
worse survival outcome (HR, 1.8; log-rank P � .02) relative to the
other biologic subtypes. Conversely, in the classical CMF arm, there
was no significant difference (HR, 0.9; P � .7). The majority of the
above-mentioned trials evaluated the magnitude of the effect of
anthracycline-containing chemotherapy in a node-positive popula-
tion. In this study, we showed that classical CMF chemotherapy
significantly improved treatment outcome in a specific patient
population characterized by a lower potential for metastatic dis-
ease such as a node-negative population.

Although no direct comparison with other regimens is available
within this study, the impressive magnitude of the observed effect

supports the hypothesis that the classical CMF regimen, originally
formulated on the basis of the highly effective MOPP (mechloreth-
amine, vincristine, procarbazine, prednisone) regimen, may still rep-
resent a reasonable choice of treatment in selected patients. Moreover,
long-term results and other information available to date show that
the classical CMF regimen is safe31 and has little long-term toxicity.32

Whether newer forms of chemotherapy may be beneficial in this
group of patients is one of the research priorities in this field.

Thereareseveralpotentialexplanationsforthedifferentresponsesto
chemotherapy according to tumor subtype. The triple-negative subtype
is characterized by high expression of the proliferation cluster of
genes.3 A higher proliferative index as measured by Ki-67 LI expres-
sion has been observed in this subtype compared with the endocrine-
responsive subtype.33 Potential targets for chemotherapeutic agents
are present in triple-negative tumors, the majority of which overex-
press EGFR and endothelial growth factors,34 though the response to
agents targeting EGFR in breast cancer has been disappointing.35

However, in vitro chemosensitivity studies have found that human
cells lacking BRCA1, and to some extent other triple-negative cells,
may be sensitive to drugs that cause double-strand breaks in DNA36

such as alkylating agents. Tumors with a high proliferation rate may
also be particularly sensitive to the antimetabolites used in the
CMF regimen.

The question of duration of adjuvant chemotherapy for breast
cancer has been directly addressed in several trials.37-39 Most of these
were small and therefore unsuitable for detecting differences of even
modest magnitude. Furthermore, results in the node-negative popu-
lation are lacking.

It should be emphasized that the tumor subtypes identified in
this analysis include heterogeneous groups of tumors, and that the
identification of further tumor subtypes amenable to targeted treat-
ments represents a research priority.40 In this study, we explored the
role of HER2 overexpression and Ki-67 expression in the definition
of subgroups within the luminal population, as recently reported,7

but we were not able to identify subgroups with different respon-
siveness to chemotherapy. Possible reasons for these results in-
clude the low number of events registered in studies focusing on a
node-negative population.

In conclusion, this study confirms that the efficacy of adjuvant
systemic therapy for early breast cancer depends on variable features,
including those of the tumor, the patient, and the treatment itself. We
demonstrated that the magnitude of the effect of chemotherapy in
early breast cancer significantly correlates with tumor subtypes iden-
tified by IHC. The results of this study provide substantial additional
evidence to support the concept that further progress in the adjuvant
treatment of breast cancer will require studies dedicated to specific niches
of patients selected through the identification of treatment targets.
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24. Roché H, Fumoleau P, Spielmann M, et al:
Sequential adjuvant epirubicin-based and docetaxel
chemotherapy for node-positive breast cancer pa-
tients: The FNCLCC PACS 01 Trial. J Clin Oncol
24:5664-5671, 2006

25. Martin M, Pienkowski T, Mackey J, et al:
Adjuvant docetaxel for node-positive breast cancer.
N Engl J Med 352:2302-2313, 2005

26. Hayes DF, Thor AD, Dressler LG, et al: HER2
and response to paclitaxel in node-positive breast
cancer. N Engl J Med 357:1496-1506, 2007

27. Saphner T, Tormey DC, Gray R: Annual hazard
rates of recurrence for breast cancer after primary
therapy. J Clin Oncol 14:2738-2746, 1996

28. Gennari A, Sormani MP, Pronzato P, et al:
HER2 status and efficacy of adjuvant anthracyclines
in early breast cancer: A pooled analysis of random-
ized trials. J Natl Cancer Inst 100:14-20, 2008

29. Pritchard KI, Shepherd LE, O’Malley FP, et al:
HER2 and responsiveness of breast cancer to adju-
vant chemotherapy. N Engl J Med 354:2103-2111,
2006

30. Cheang MC, Chia SK, Tu D, et al: Anthracy-
clines in basal breast cancer: The NCIC-CTG trial
MA5 comparing adjuvant CMF to CEF. J Clin Oncol
27:11s, 2009 (suppl; abstr 519)

31. Goldhirsch A, Coates AS, Colleoni M, et al:
Adjuvant chemoendocrine therapy in postmeno-
pausal breast cancer: Cyclophosphamide, metho-
trexate, and fluorouracil dose and schedule may
make a difference—International Breast Cancer
Study Group. J Clin Oncol 16:1358-1362, 1998

32. Colleoni M, Price KN, Castiglione-Gertsch M,
et al: Mortality during adjuvant treatment of early
breast cancer with cyclophosphamide, methotrex-
ate, and fluorouracil—International Breast Cancer
Study Group. Lancet 354:130-131, 1999

33. Urruticoechea A, Smith IE, Dowsett M: Prolif-
eration marker Ki-67 in early breast cancer. J Clin
Oncol 23:7212-7220, 2005

34. Viale G, Rotmensz N, Maisonneuve P, et al:
Invasive ductal carcinoma of the breast with the
“triple-negative” phenotype: Prognostic implications
of EGFR immunoreactivity. Breast Cancer Res Treat
116:317-328, 2009

35. Gusterson BA, Hunter KD: Should we be
surprised at the paucity of response to EGFR inhib-
itors? Lancet Oncol 10:522-527, 2009

36. James CR, Quinn JE, Mullan PB, et al:
BRCA1, a potential predictive biomarker in the treat-
ment of breast cancer. Oncologist 12:142-150, 2007

37. International Breast Cancer Study Group: Du-
ration and reintroduction of adjuvant chemotherapy
for node-positive premenopausal breast cancer pa-
tients. J Clin Oncol 14:1885-1894, 1996

38. Sauerbrei W, Bastert G, Bojar H, et al: Ran-
domized 2 x 2 trial evaluating hormonal treatment
and the duration of chemotherapy in node-positive
breast cancer patients: An update based on 10
years’ follow-up—German Breast Cancer Study
Group. J Clin Oncol 18:94-101, 2000

39. Colleoni M, Gelber S, Simoncini E, et al:
Effects of a treatment gap during adjuvant chemo-
therapy in node-positive breast cancer: Results of
International Breast Cancer Study Group (IBCSG)
Trials 13-93 and 14-93. Ann Oncol 18:1177-1184,
2007

40. Gusterson B: Do ‘basal-like’ breast cancers
really exist? Nat Rev Cancer 9:128-134, 2009

■ ■ ■

Breast Cancer Subtypes and Efficacy of Adjuvant Chemotherapy

www.jco.org © 2010 by American Society of Clinical Oncology 2973


