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A B S T R A C T

Purpose
To determine the optimal dose and schedule of anthracycline and taxane administration as
adjuvant therapy for early-stage breast cancer.

Patients and Methods
A 2 � 2 factorial design was used to test two hypotheses: (1) that a novel continuous schedule
of doxorubicin-cyclophosphamide was superior to six cycles of doxorubicin-cyclophosphamide
once every 2 weeks and (2) that paclitaxel once per week was superior to six cycles of
paclitaxel once every 2 weeks in patients with node-positive or high-risk node-negative
early-stage breast cancer. With 3,250 patients, a disease-free survival (DFS) hazard ratio of
0.82 for each randomization could be detected with 90% power with two-sided � � .05.
Overall survival (OS) was a secondary outcome.

Results
Interim analyses crossed the futility boundaries for demonstrating superiority of both once-per-
week regimens and once-every-2-weeks regimens. After a median follow-up of 6 years, a
significant interaction developed between the two randomization factors (DFS P � .024; OS P �
.010) in the 2,716 patients randomly assigned in the original design, which precluded interpretation
of the two factors separately. Comparing all four arms showed a significant difference in OS (P �
.040) but not in DFS (P � .11), with all treatments given once every 2 weeks associated with the
highest OS. This difference in OS seemed confined to patients with hormone receptor–negative/
human epidermal growth factor receptor 2 (HER2) –negative tumors (P � .067), with no
differences seen with hormone receptor–positive/HER2-negative (P � .90) or HER2-positive
tumors (P � .40).

Conclusion
Patients achieved a similar DFS with any of these regimens. Subset analysis suggests the
hypothesis that once-every-2-weeks dosing may be best for patients with hormone receptor–
negative/HER2-negative tumors.

J Clin Oncol 33:58-64. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Since the incorporation of taxanes into adjuvant
therapy of operable breast cancer, no new cytotoxic
agents have been shown to add any benefit to cur-
rently available regimens.1-3 However, dose and
schedule alterations have produced improvements
in outcome,4,5 indicating that optimizing use of
available agents is an effective strategy that should
not be abandoned as we search for new approaches.
S0221 (Phase III Trial of Continuous Schedule AC �
G Versus Q 2 Week Schedule AC, Followed by
Paclitaxel Given Either Every 2 Weeks or Weekly for

12 Weeks as Post-Operative Adjuvant Therapy in
Node-Positive or High-Risk Node-Negative Breast
Cancer) is a clinical trial investigating adjuvant che-
motherapy performed by the North American
Breast Intergroup. Patients with node-positive or
high-risk node-negative breast cancer were ran-
domly assigned to one of two schedules of
doxorubicin-cyclophosphamide followed by one of
two schedules of paclitaxel.

The schedules of doxorubicin-
cyclophosphamide studied were (1) doxorubicin-
cyclophosphamide administered once every 2 weeks
for six cycles, and (2) a continuous schedule of
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doxorubicin-cyclophosphamide with filgrastim, with doxorubicin
given intravenously once per week and cyclophosphamide given
orally once per day for 15 weeks. The duration of therapy with
doxorubicin-cyclophosphamide administered once every 2 weeks was
chosen to give an equivalent dose of doxorubicin over a duration of
treatment similar to that in the continuous dosing schedule. The
continuous dosing schedule was based on a series of trials from the
University of Washington and SWOG in the adjuvant and preop-
erative settings that suggested promising activity for continuous
doxorubicin-cyclophosphamide with filgrastim as treatment for
early-stage breast cancer.6,7 To compare two common schedules for
paclitaxel used in this setting,4,5 both of which had been found to be
superior to paclitaxel once every 3 weeks, patients were also randomly
assigned, after completion of doxorubicin-cyclophosphamide, to re-
ceive treatment with paclitaxel either once every 2 weeks or once per
week for 12 weeks.

PATIENTS AND METHODS

Patients

S0221 (registered on October 2003) enrolled male and female patients
with high-risk pathologic stage I to III breast cancer, defined as node-positive
(pN1-3), any primary tumor � 2 cm, or any tumor � 1 cm if it was estrogen
receptor (ER) negative/progesterone receptor (PgR) negative or if it was hor-
mone receptor positive with 21-gene recurrence score � 26.8 Other require-
ments were age � 18 years; SWOG performance status 0 to 2; adequate local
therapy, defined as negative resection margins after mastectomy or partial
mastectomy with planned radiation; axillary nodal dissection yielding a total of
at least six nodes unless sentinel node negative; no history of congestive heart
failure or active angina pectoris and a normal left ventricular ejection fraction;
adequate major organ function, as specified in the protocol; and a negative
pregnancy test if the patient was a woman with reproductive potential. Patients
were excluded from participation if it had been more than 84 days since their
last surgery to treat breast cancer or if they were known to be infected by HIV;
had received prior cytotoxic chemotherapy for the current malignancy; had
received prior therapy with an anthracycline, anthracenedione, or taxane; had
received prior radiation therapy for the current malignancy (except partial
breast radiation); or had a history of prior malignancy other than specified in
situ cancers or other cancers from which they were disease-free for � 5 years.
The study protocol was approved by the National Cancer Institute Central
Institutional Review Board and the institutional review boards of each partic-
ipating institution. All patients provided written informed consent to partici-
pation, and patient safety was monitored by an independent data safety
monitoring committee (DSMC).

Study Procedures

The study design was an open-label 2 � 2 factorial design with equal
probability of receiving each treatment combination. The first factor com-
pared doxorubicin 60 mg/m2 intravenously (IV) day 1, cyclophosphamide
600 mg/m2 IV day 1, and pegfilgrastim 6 mg subcutaneously day 2, admin-
istered every 2 weeks for six cycles versus a continuous schedule of doxo-
rubicin 24 mg/m2 IV once per week, cyclophosphamide 60 mg/m2 orally
once per day, and filgrastim 5 �g/kg rounded to the nearer of 300 or 480 �g
subcutaneously once per day, except for the days of intravenous drug
administration, for 15 weeks. The second factor was subsequent paclitaxel
175 mg/m2 IV day 1 once every 2 weeks and pegfilgrastim 6 mg subcuta-
neously day 2 repeated every 2 weeks for six cycles versus paclitaxel 80
mg/m2 IV once per week for 12 weeks.

Radiation therapy was given after completion of chemotherapy to pa-
tients undergoing partial mastectomy and was administered according to
institutional practice for patients undergoing mastectomy. Patients with ER-

positive or PgR-positive tumors were prescribed endocrine therapy for at least
5 years after completion of chemotherapy. After October 2005, patients with
human epidermal growth factor receptor 2 (HER2) –positive tumors were
allowed to receive trastuzumab concurrently with or after treatment with
paclitaxel for a total of 1 year. Toxicity was graded according to Common
Terminology Criteria for Adverse Events version 3.0, and chemotherapy doses
were modified on the basis of toxicity.

At the first interim analysis in September 2010, the SWOG DSMC
recommended that random assignment to the two schedules of doxorubicin-
cyclophosphamide be halted on the basis of futility. At the time of closure of
the doxorubicin-cyclophosphamide randomization, 2,716 patients had been
randomly assigned in the 2 � 2 design. The trial was amended to assign all
future patients to treatment with doxorubicin-cyclophosphamide once every
2 weeks for four cycles, based on evidence that patients treated with four cycles
of this regimen had outcomes similar to those treated with six cycles,9 followed
by either six cycles of paclitaxel once every 2 weeks (arm 5) or paclitaxel once
per week for 12 weeks (arm 6). An additional 578 patients were enrolled under
the modified design, resulting in a total of 3,294 patients being randomly
assigned between the two paclitaxel schedules.

Statistical Methods

The primary outcome was disease-free survival (DFS) defined as time
from registration (random assignment) to first instance of disease recurrence
(local, regional, or distant), new breast primary tumor, or death as a result of
any cause. A secondary outcome was overall survival (OS) defined as time
from registration to death as a result of any cause. For the purpose of this
article, follow-up for survival was locked on October 23, 2013.

Stratification factors were not used because of the large size of the
trial. The original sample size goal of 4,500 was reduced to 3,250 in
November 2006 on the basis of revised accrual and follow-up projections.
Each treatment factor was to be tested separately in a joint model with both
factors (at a two-sided � � .05) if there was no significant interaction of the
two factors (� � .10). Power was 90% to test whether continuous admin-
istration was superior to dose-dense administration with a hazard ratio
(HR) of 0.82 or less. Annual interim analyses were planned after 30% of the
expected number of failures had occurred. The significance levels for the
interim analyses were chosen by using the Lan-DeMets function.10 In
addition to efficacy tests, a test of futility was to be conducted at each
interim analysis for each factor. If the 99.5% confidence limit for the HR
excluded the alternate hypothesis (HR, 0.82), then the trial would not be
able to be positive and a recommendation would be made to the DSMC to
discontinue random assignment to that factor.

Survival analysis methods include Kaplan-Meier plots, log-rank tests,
and Cox regression analyses. The Cox regression analysis included both factors
in a joint model.

RESULTS

Patient Characteristics and Trial Progress

A total of 2,716 patients were randomly assigned from December
2003 to November 2010 to the original 2 � 2 design (Fig 1 and Table 1).
At the time of the first interim analysis in September 2010, the observed
HR for DFS for doxorubicin-cyclophosphamide with filgrastim versus
doxorubicin-cyclophosphamideonce every 2 weeks was 1.21 (adjusting
for the paclitaxel randomization). The 99.5% CI was 0.90 to 1.64,
suggesting that it would be futile to continue randomization to this
factor. On the basis of the recommendation of the DSMC, accrual to
the trial was suspended in November 2010. The trial reopened in
December 2010 with all patients assigned to four cycles of
doxorubicin-cyclophosphamide administered once every 2 weeks and
randomly assigned only to the paclitaxel factor. At the third interim
analysis in September 2012, the futility boundary for the comparison
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of the two paclitaxel schedules was crossed, with a Cox model adjust-
ing for the doxorubicin-cyclophosphamide arms producing an HR of
1.08 (99.5% CI, 0.83 to 1.39), thus excluding 0.82. On the basis of this
analysis, the DSMC recommended releasing the results.

This report updates outcomes through October 2013. Median
follow-up was 6 years in those without an event. A total of 550 DFS
events were observed, giving an overall event incident rate per year
of 0.039 versus rates of 0.04 to 0.06 hypothesized in the study
design. Although no significant interaction of the doxorubicin-

cyclophosphamide and paclitaxel factors was found in the early in-
terim analyses, the interaction was now significant (P � .024), and the
two factors could not be analyzed separately. This analysis was there-
fore limited to the 2,716 patients who participated in the original
protocol and did not include the 578 patients entered onto the study
under the revised protocol. One patient withdrew consent, and 48
other patients were determined to be ineligible at baseline allowing
analysis of 2,667 (98.2%) of the 2,716 patients randomly assigned
(Fig 1 [CONSORT diagram]).

Initial registration
(N = 3,294)

Original protocol
N = 2,716

Randomly assigned 2 × 2

Arm 1
AC Q2 week x 6

Paclitaxel Q2 week × 6
n = 678

(14 ineligible)

Arm 2
AC weekly x 15

Paclitaxel Q2 week × 6
n = 693

(9 ineligible; 1 withdrawal)

Arm 3
AC Q2 week x 6

Paclitaxel weekly × 12
n = 697

(16 ineligible)

Arm 4
AC weekly x 15

Paclitaxel weekly × 12
n = 648

(9 ineligible)

Arm 1
n = 664 analyzable

71% complete
AC/taxane treatment

Arm 2
n = 683 analyzable

71% complete
AC/taxane treatment

Arm 3
n = 681 analyzable

76% complete
AC/taxane treatment

Arm 4
n = 639 analyzable

74% complete
AC/taxane treatment

Excluded
Revised protocol

(n = 578)

Fig 1. CONSORT diagram for the orig-
inal protocol of Southwest Oncology
Group S0221 trial. AC, doxorubicin-
cyclophosphamide; Q2 week, once ev-
ery 2 weeks.

Table 1. Baseline Characteristics for Patients in All Arms in the Original Protocol

Characteristic

Arm 1 Arm 2 Arm 3 Arm 4 Total

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

No. randomly assigned 678 693 697 648 2,716
No. ineligible/withdrew consent 14 10 16 9 49
No. analyzed 664 683 681 639 2,667
Age, years

Median 50.5 50.9 51.8 50.7 51.0
Range 25-77 23-79 23-86 21-76 21-86

Black race 73 11 77 11 74 11 78 12 302 11
Male 6 0.9 4 0.6 5 0.7 3 0.5 18 0.7
Menopausal status (females)

Premenopausal 326 50 325 48 308 46 299 47 1,258 47
Postmenopausal 332 50 354 52 368 54 337 53 1,391 53

Nodal status (n � 9 unknown)
Negative 161 24 153 22 159 23 146 23 619 23
1-3 positive nodes 260 39 266 39 276 41 245 39 1,047 39
� 4 positive nodes 241 36 264 39 243 36 244 38 992 37

ER/PgR (n � 9 unknown)
Negative (both negative) 212 32 226 33 232 34 206 32 876 33
Positive (either or both positive) 450 68 456 67 446 66 430 68 1,782 67

HER2 (n � 29 unknown)
Negative 528 81 556 82 554 82 525 83 2,163 82
Positive 125 19 123 18 118 18 109 17 475 18

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PgR, progesterone receptor.
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Toxicity

Toxicities are classified as occurring during either doxorubicin-
cyclophosphamide treatment or paclitaxel treatment. Table 2
shows the number of patients who had a grade 3 or higher
toxicity that was possibly, probably, or definitely related to
doxorubicin-cyclophosphamide treatment. Results in Table 2 are lim-
ited to those who started doxorubicin-cyclophosphamide treatment,
who did not have a major deviation in the treatment protocol, and
whose toxicity profile has been completed. Toxicity was greater for
doxorubicin-cyclophosphamide once every 2 weeks with regard to
hemoglobin and leukocytes. Toxicity was higher for doxorubicin-
cyclophosphamide with filgrastim for mucositis and dermatologic
toxicity. Five patients in the group given doxorubicin-cyclophosphamide
once every 2 weeks had fatal toxicity: apnea and asystole (1); renal
failure, neutropenia, and wound infection (1); hepatitis B reactiva-
tion (1); multiorgan failure (1); and left ventricular diastolic dys-
function (1). Three patients given doxorubicin-cyclophosphamide
with filgrastim had fatal toxicity: two patients had neutropenia and
pulmonary infection and one patient was coded as having grade 5

pleural effusion. Four patients randomly assigned to doxorubicin-
cyclophosphamide once every 2 weeks received no assigned treatment
versus 18 patients assigned to doxorubicin-cyclophosphamide with
filgrastim. The percentage of patients who completed all doxorubicin-
cyclophosphamide treatment after random assignment to the arms
receiving doxorubicin-cyclophosphamide once every 2 weeks was
88% versus 83% in the arms receiving doxorubicin-cyclophosphamide
with filgrastim (P � .001). More patients in the arms receiving
doxorubicin-cyclophosphamide with filgrastim (11.0%) stopped
doxorubicin-cyclophosphamide treatment early because of tox-
icity compared with those randomly assigned to the arms re-
ceiving doxorubicin-cyclophosphamide once every 2 weeks
(7.9%; P � .006).

Table 3 summarizes the toxicity of the two paclitaxel regimens.
Grade 3 to 4 leukopenia and neutropenia were observed more com-
monly in patients treated with once-per-week paclitaxel, although the
rate of neutropenic fever did not differ between the two schedules.
Grade 3 to 4 allergic reactions, musculoskeletal pain, and neurologic
toxicity were more commonly observed in patients treated with

Table 2. Number of Patients with Type and Grade of Toxicity for Doxorubicin-Cyclophosphamide Every 2 Weeks Versus Doxorubicin-Cyclophosphamide
Plus Figrastim

Adverse Event

Grade for Doxorubicin-Cyclophosphamide Every 2 Weeks
(n � 1,323)

Grade for Doxorubicin-Cyclophosphamide Plus Filgrastim
(n � 1,280)

� 2 3 4 5 � 2 3 4 5

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

Hemoglobin 1,193 90.2 122 9.2 8 0.6 0 0.0 1,211 94.6 66 5.2 3 0.2 0 0.0
Leukocytes 1,064 80.4 108 8.2 151 11.4 0 0.0 1,090 85.2 145 11.3 45 3.5 0 0.0
Neutrophils 979 74.0 111 8.4 233 17.6 0 0.0 980 76.6 196 15.3 104 8.1 0 0.0
Platelets 1,288 97.4 24 1.8 11 0.8 0 0.0 1,241 97.0 33 2.6 6 0.5 0 0.0
General cardiac 1,312 99.2 8 0.6 3 0.2 1 0.1 1,275 99.6 5 0.4 0 0.0 0 0.0
Clinical mucositis 1,296 98.0 27 2.0 0 0.0 0 0.0 1,173 91.6 105 8.2 2 0.2 0 0.0
Dermatologic/skin 1,295 97.9 28 2.1 0 0.0 0 0.0 1,092 85.3 188 14.7 0 0.0 0 0.0
Infection 1,210 91.5 96 7.3 16 1.2 1 0.1 1,222 95.5 50 3.9 6 0.5 2 0.2
Febrile neutropenia 1,242 93.9 65 4.9 16 1.2 1 0.1 1,255 98.0 22 1.7 3 0.2 0 0.0
Flu-like symptoms 1,209 91.4 107 8.1 7 0.5 0 0.0 1,188 92.8 90 7.0 2 0.2 0 0.0
Other or undetermined 2 0.2 1 0.1
All adverse events 702 53.1 329 24.9 288 21.8 5 0.4 556 43.4 587 45.9 134 10.5 3 0.2

Table 3. Number of Patients with Type and Grade of Toxicity for Paclitaxel Once Every 2 Weeks Versus Once Per Week

Adverse Event

Grade for Paclitaxel Every 2 Weeks (n � 1,162) Grade for Paclitaxel Once Per Week (n � 1,139)

� 2 3 4 5 � 2 3 4 5

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

Hemoglobin 1,135 97.7 25 2.2 2 0.2 0 0.0 1,123 98.6 16 1.4 0 0.0 0 0.0
Leukocytes 1,153 99.2 7 0.6 2 0.2 0 0.0 1,057 92.8 72 6.3 10 0.9 0 0.0
Neutrophils 1,140 98.1 17 1.5 5 0.4 0 0.0 1,000 87.8 105 9.2 34 3.0 0 0.0
Neurologic 961 82.7 193 16.6 8 0.7 0 0.0 1,020 89.6 115 10.1 4 0.4 0 0.0
Dermatologic/skin 1,132 97.4 30 2.6 0 0.0 0 0.0 1,117 98.1 22 1.9 0 0.0 0 0.0
Allergy 1,146 98.6 16 1.4 0 0.0 0 0.0 1,133 99.5 6 0.5 0 0.0 0 0.0
Febrile neutropenia 1,160 99.8 2 0.2 0 0.0 0 0.0 1,138 99.9 0 0.0 1 0.1 0 0.0
Musculoskeletal pain 1,035 89.1 124 10.7 3 0.3 0 0.0 1,106 97.1 33 2.9 0 0.0 0 0.0
Fatal event 1,161 99.9 0 0.0 0 0.0 4 0.3 1,139 100 0 0.0 0 0.0 3 0.3
All adverse events 750 64.5 384 33.0 24 2.1 4 0.3 727 63.8 363 31.9 48 4.2 3 0.3
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paclitaxel once every 2 weeks. Fatal toxicities during therapy with
paclitaxel once every 2 weeks were heart failure after doxorubicin-
cyclophosphamide once every 2 weeks (1), pneumonitis (1), and
unclear/multifactorial (2). Fatal toxicities during treatment with
paclitaxel once per week were heart failure after doxorubicin-
cyclophosphamide once every 2 weeks (1) and pneumonitis (2).

Outcome

A log-rank test comparing all four arms simultaneously was
not significant for the primary outcome DFS (P � .11). A Cox model
yielded the following HRs relative to arm 1 (doxorubicin-
cyclophosphamide once every 2 weeks; paclitaxel once every 2 weeks):
for arm 2 (doxorubicin-cyclophosphamide with filgrastim; paclitaxel
once every 2 weeks), the HR was 1.32 (95% CI, 1.04 to 1.68; P � .022);
for arm 3 (doxorubicin-cyclophosphamide once every 2 weeks; pacli-
taxel once per week), the HR was 1.24 (95% CI, 0.98 to 1.59; P � .072);
and for arm 4 (doxorubicin-cyclophosphamide with filgrastim; pacli-
taxel once per week), the HR was 1.12 (95% CI, 0.87 to 1.44; P � .38).
Figures 2A and 2B show the Kaplan-Meier plots, and the Data Supple-
ment shows the estimated 5-year DFS and OS for the four arms.

For the secondary OS outcome, the interaction remained statis-
tically significant (P � .010). The HRs showed statistically significant

differences among the four arms (P � .040), with the highest OS in the
arm using once-every-2-weeks treatment for both doxorubicin-
cyclophosphamide and paclitaxel. A Cox model yielded the following
HRs relative to arm 1 (doxorubicin-cyclophosphamide once every 2
weeks; paclitaxel once every 2 weeks): for arm 2 (doxorubicin-
cyclophosphamide with filgrastim; paclitaxel once every 2 weeks), the
HR was 1.44 (95% CI, 1.08 to 1.93; P � .013); for arm 3 (doxorubicin-
cyclophosphamide once every 2 weeks; paclitaxel once per week), the
HR was 1.46 (95% CI, 1.09 to 1.95; P � .011); and for arm 4
(doxorubicin-cyclophosphamide with filgrastim; paclitaxel once per
week), the HR was 1.24 (95% CI, 0.91 to 1.68; P � .17).

To better understand the possible interaction between the
doxorubicin-cyclophosphamide schedule and the paclitaxel
schedule, we performed separate unplanned subset analyses by
biologic type of breast cancer based on local testing. Breast cancer was
categorized as hormone receptor positive (ER positive or PgR positive)
and HER2 negative (n � 1,481; 56%); ER negative, PgR negative, and
HER2 negative (triple negative; n � 681; 26%); or HER2 positive (n �
475; 18%).

OutcomesforeachbiologictypeareshowninFigure2C,2D,online-
only Appendix, and the Data Supplement. For hormone receptor–
positive tumors and HER2-positive tumors, there were no significant
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Fig 2. (A) Kaplan-Meier disease-free survival plot for all randomly assigned patients by randomization arm. Number at risk at the beginning of each 12-month period is shown
in the table. Three patients with no follow-up were excluded. (B) Kaplan-Meier overall survival plot of all randomly assigned patients by randomization arm. Three patients with
no follow-up were excluded. (C) Kaplan-Meier disease-free survival plot by randomization arm for patients with triple-negative tumors (estrogen receptor negative,
progesterone receptor negative, and human epidermal growth factor receptor 2 [HER2] negative). (D) Kaplan-Meier disease-free survival plot by randomization arm for patients
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every 2 weeks; AC � G, doxorubicin-cyclophosphamide with filgrastim; q 2 weeks, once every 2 weeks.
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differences by treatment and no interaction between doxorubicin-
cyclophosphamide and paclitaxel schedules. For triple negative tumors,
there were nonsignificant trends for DFS (P � .077) and OS (P � .067),
with the interactions between doxorubicin-cyclophosphamide and pacli-
taxel being significant (DFS P � .018; OS P � .010). OS was best when all
treatment was administered every 2 weeks.

DISCUSSION

Continuous doxorubicin-cyclophosphamide with filgrastim and
doxorubicin-cyclophosphamide once every 2 weeks differ in their
toxicity profiles, with continuous doxorubicin-cyclophosphamide
with filgrastim producing more stomatitis and dermatologic toxicity
and doxorubicin-cyclophosphamide once every 2 weeks producing
more myelosuppression and neutropenic fever. A nonsignificant
trend for reduced cardiac toxicity was observed for once-per-week
modest doses of doxorubicin compared with a higher dose given less
frequently, consistent with previous reports.11,12 Quality-of-life as-
sessments were not performed as a part of this trial, but continuous
doxorubicin-cyclophosphamide with filgrastim would likely be asso-
ciated with the greater degree of disruption of daily living, because it
involves daily parenteral drug administration and is associated with
an increased incidence of stomatitis. Furthermore, more patients
receiving continuous doxorubicin-cyclophosphamide with filgrastim
discontinued treatment compared with those receiving doxorubicin-
cyclophosphamide once every 2 weeks; we do not recommend routine
use of the continuous doxorubicin-cyclophosphamide with filgrastim
regimen. Fatal toxicities were observed, underscoring the need for
careful weighing of risks and benefits as our results and those from
other trials are applied to clinical practice.

The two paclitaxel regimens studied represent the two most com-
monly used schedules in the adjuvant setting in the United States.
Although paclitaxel once per week was associated with a higher inci-
dence of leukopenia and neutropenia, this difference could be due in
part to ascertainment bias, because patients treated once per week had
blood counts performed once per week whereas those treated once
every 2 weeks had mandated blood counts only once every 2 weeks.
Moreover, the incidence of neutropenic fever did not differ between
the two schedules. The once-every-2-weeks schedule produced more
allergic-type reactions, musculoskeletal pain, and neurologic toxicity
than the once-per-week schedule. It must be noted that six cycles of
paclitaxel once every 2 weeks were given, rather than the four cycles
commonly used. Four cycles of chemotherapy was found to be equiv-
alent to six cycles in Cancer and Leukemia Group B 40101 (CALGB-
40101; Cyclophosphamide and Doxorubicin [CA; 4 v 6 Cycles] Versus
Paclitaxel [12 Weeks v 18 Weeks] As Adjuvant Therapy for Women
With Node-Negative Breast Cancer: A 2 � 2 Factorial Phase III
Randomized Study),9 and although that trial was performed in
patients with lower risk than those entered onto our study, four
cycles will likely continue to be the standard. In CALGB-40101,
four cycles of paclitaxel produced less neurotoxicity than did six
cycles, and it is not possible to directly compare 12 weeks of
once-per-week paclitaxel with four cycles of once-every-2-weeks
treatment. Musculoskeletal pain was clearly less with the once-per-
week schedule, however, and it is unlikely that limiting treatment
to four cycles would eliminate this difference.

A formal cost-effectiveness study was not performed. However,
the costs of the protocol-specified treatment and related tests are less
for 12 weeks of once-per-week paclitaxel compared with either six or
four cycles of paclitaxel with pegfilgrastim once every 2 weeks.

S0221 was designed to compare chemotherapeutic regimens in
patients in whom chemotherapy was felt to be the standard of care.
Recent studies in node-negative and node-positive breast cancer indi-
cate that tumor biology may be more important than traditional
prognostic factors in determining the efficacy of chemotherapy. It is
possible that patients with disease that was at high risk of recurrence
but who had a poor likelihood of response to cytotoxic chemotherapy
were entered onto this trial.13,14 It is also possible that biologic sub-
types differ by global sensitivity to chemotherapy and also to the
particular agents used and the doses and schedules of those agents.
Many of the patients enrolled onto S0221 also consented to submit-
ting tissue and blood samples. Evaluations of genetic factors associated
with neurologic, hematologic, and GI toxicities have been performed,
and additional studies are planned.15,16 Future studies of tissue bio-
markers will allow assessment of their association with prognosis
and possibly prediction of treatment benefit. Patients with highly
endocrine-responsive disease may not have benefitted from chemo-
therapy, and inclusion of these patients may have obscured some
differences between treatments in the sensitive subsets.

At a median follow-up of 6 years, an interaction between the two
randomized factors had emerged, so that the two randomizations
could not be analyzed independently. A trend toward a significant
difference in DFS between the treatment arms has been observed, and
a significant difference in OS between the arms is now present, favor-
ing patients who received all treatment once every 2 weeks (Figures 2A
and 2B). Examination of relevant biologic subsets reveals that this
advantage for treatment once every 2 weeks is observed only in pa-
tients with hormone receptor–negative/HER2-negative disease. This
observation is the result of a subset analysis that was not protocol
specified and should be regarded as hypothesis generating.

It is unusual to see a significant difference in OS in the absence of
a significant difference in DFS. OS is a summation of both breast
cancer and treatment-related deaths and unrelated causes of mortal-
ity. Differences in OS then, are the result of either treatment-related
differences in the former or random differences in the latter. Assess-
ment of cause of death is difficult in a multicenter trial, and random
differences in non–breast cancer–related deaths may have been a
factor in the observed survival difference. However, we believe that
this result may be, in part, a consequence of the higher relapse rate
and relatively short postrelapse survival of patients with hormone
receptor–negative/HER2-negative disease (median, 1.17 years), the
subset that is driving the observed difference between the treatment
arms compared with the lower relapse rate and longer postrelapse
survival of patients with recurrent hormone receptor–positive (me-
dian, 1.82 years) or HER2-positive disease (median, 2.13 years).

Patients treated in this trial achieved equivalent DFS with any of
our regimens, and treatment selection for this end point can be based
on toxicity, cost, or patient preference. Patients with HER2-positive
disease should be treated according to protocols that specifically stud-
ied this subset. Our study suggests the hypothesis that patients with
hormone receptor–negative/HER2-negative high-risk breast cancers
may have improved outcome when treated with the once-every-2-
weeks regimen, and we recommend that this hypothesis be investi-
gated in other studies.
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