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Purpose: This study was designed to determine whether
increasing the dose of doxorubicin in or adding paclitaxel to
a standard adjuvant chemotherapy regimen for breast can-
cer patients would prolong time to recurrence and survival.

Patients and Methods: After surgical treatment, 3,121
women with operable breast cancer and involved lymph
nodes were randomly assigned to receive a combination of
cyclophosphamide (C), 600 mg/m2, with one of three doses
of doxorubicin (A), 60, 75, or 90 mg/m2, for four cycles
followed by either no further therapy or four cycles of
paclitaxel at 175 mg/m2. Tamoxifen was given to 94% of
patients with hormone receptor–positive tumors.

Results: There was no evidence of a doxorubicin dose
effect. At 5 years, disease-free survival was 69%, 66%, and
67% for patients randomly assigned to 60, 75, and 90
mg/m2, respectively. The hazard reductions from adding
paclitaxel to CA were 17% for recurrence (adjusted Wald x2

P 5 .0023; unadjusted Wilcoxon P 5 .0011) and 18% for
death (adjusted P 5 .0064; unadjusted P 5 .0098). At 5

years, the disease-free survival (6 SE) was 65% (6 1) and
70% (6 1), and overall survival was 77% (6 1) and 80% (6
1) after CA alone or CA plus paclitaxel, respectively. The
effects of adding paclitaxel were not significantly different
in subsets defined by the protocol, but in an unplanned
subset analysis, the hazard ratio of CA plus paclitaxel
versus CA alone was 0.72 (95% confidence interval, 0.59
to 0.86) for those with estrogen receptor–negative tumors
and only 0.91 (95% confidence interval, 0.78 to 1.07) for
patients with estrogen receptor–positive tumors, almost
all of whom received adjuvant tamoxifen. The additional
toxicity from adding four cycles of paclitaxel was gener-
ally modest.

Conclusion: The addition of four cycles of paclitaxel after
the completion of a standard course of CA improves the
disease-free and overall survival of patients with early
breast cancer.

J Clin Oncol 21. © 2003 by American Society of Clinical
Oncology.

A DJUVANT SYSTEMIC therapy with the drug combina-
tion cyclophosphamide, methotrexate, and fluorouracil

(CMF) reduces the annual odds of recurrence and death of
patients with early breast cancer (6 SD) by 24% (6 3%) and
14% (6 4%), respectively.1 An overview of trials in which an
anthracycline, either doxorubicin or epirubicin, was added to
cyclophosphamide (with or without a vinca alkaloid, methotrex-
ate, or fluorouracil) demonstrated that the anthracycline regi-
mens resulted in a reduction in annual odds (6 SD) of 12% (6
4%) and 11% (6 5%) in recurrence or death, respectively,
compared with CMF.1 One of the earliest and largest of these
studies compared 3 months (four cycles) of cyclophosphamide
plus doxorubicin (CA) with 6 months of CMF and failed to show
any significant differences in outcome.2 Because the CA regimen
used a shorter duration of therapy and was thus perceived as
being less toxic, four cycles of CA became one of the most
commonly used adjuvant therapy regimens in the United States
before the overview that demonstrated the superiority of anthra-
cycline regimens was performed.

The trial reported here was designed to see whether the
benefits from four cycles of CA could be increased either by
doxorubicin dose escalation or by adding paclitaxel, a drug
known to be non–cross-resistant with anthracyclines.3-6 De-
creasing the doses of doxorubicin, cyclophosphamide, and flu-
orouracil below standard levels has been shown to compromise
the benefits from adjuvant chemotherapy,7,8 but two studies
evaluating cyclophosphamide dose escalation above standard

levels have failed to demonstrate additional benefit.9,10 Neither
doxorubicin dose escalation nor the use of a taxane has previ-
ously been evaluated in the adjuvant setting. To evaluate both
questions in one trial, we used a 33 2 factorial design.11 Three

From the University of California at San Francisco, San, Francisco, CA;
Cancer and Leukemia Group B (CALGB) Statistical Center, Durham; Wake
Forest University School of Medicine, Winston-Salem, NC; University of Texas
M.D. Anderson Cancer, Houston; Southwest Oncology Group Operations, San,
Antonio, TX; Dana-Farber Cancer Institute, Boston, MA; Eastern Cooperative
Oncology Group Operations, Philadelphia, PA; North Central Cancer Treat-
ment Group Operations, Rochester, MN; Georgetown University Medical
Center, Washington, DC; University of Michigan, Ann Arbor, MI; Greenbaum
Cancer Center, Baltimore, MD; University of Chicago Medical Center; and
CALGB Central Office, Chicago, IL; Mount Sinai School of Medicine; and
Memorial Sloan-Kettering Cancer Center, New York; State University of New
York Health Science Center at Syracuse, Syracuse, NY; University of Alabama
at Birmingham, Birmingham, AL; and University of Vermont, Burlington, VT.

Submitted February 12, 2002; accepted October 23, 2002.
Supported in part by grant no. CA31946 from the National Cancer

Institute, National Institutes of Health, Department of Health and Human
Services, Bethesda, MD, to the CALGB (R.L.S.).

The contents of this article are solely the responsibility of the authors and do
not necessarily represent the official views of the National Cancer Institute.

Address reprint requests to I. Craig Henderson, MD, University of
California at San Francisco, 1600 Divisadero St, Box 1710, San Francisco,
CA 94143; email: craig.henderson@accessoncology.com.

© 2003 by American Society of Clinical Oncology.
0732-183X/03/2106-1/$20.00

1Journal of Clinical Oncology, Vol 21, No 6 (March 15), 2003
DOI: 10.1200/JCO.2003.02.063

Copyright 2003 by American Society of Clinical Oncology

Published Ahead of Print on February 7, 2003 as 10.1200/JCO.2003.02.063



doxorubicin doses were used to allow for estimating the slope of the
dose-response curve and to identify any dose that might skew an
estimate of dose effect because it is on a threshold or at a plateau of
the dose-response curve. After completion of four cycles of CA,
patients were randomly assigned to receive either no further
treatment or four cycles of paclitaxel at 3-week intervals.

PATIENTS AND METHODS

This was an Intergroup trial (INT 0148) conducted at 516 sites and
coordinated by the Cancer and Leukemia Group B (CALGB 9344). Other
participants were the Eastern Cooperative Oncology Group, the Southwest
Oncology Group, and the North Central Cancer Treatment Group.

Eligible patients had operable breast cancer with clear surgical margins
and metastases to axillary nodes. Initial surgical treatment was either
mastectomy or lumpectomy with axillary lymph node sampling. Radiother-
apy to the breast was required for all patients treated with less than a
mastectomy and was begun after all chemotherapy had been administered.
The study had to be approved by the institutional review board at each
institution enrolling patients, and all patients were required to provide written
informed consent before being registered on the study.

Systemic therapy was to have begun within 84 days of the patient’s last
surgery. All patients received 600 mg/m2 of cyclophosphamide intrave-
nously on day 1 and were randomly assigned to one of three doxorubicin
doses given on day 1 (60 mg/m2) or days 1 and 2 (75 and 90 mg/m2; Fig 1).
Filgrastim (granulocyte colony-stimulating factor [G-CSF]), 5mg/kg/d, and
ciprofloxacin, 750 mg twice daily, were given routinely to patients receiving
90 mg/m2 of doxorubicin, but only after an episode of febrile neutropenia for
other patients. Patients randomly assigned to paclitaxel received 175 mg/m2.
Most patients (94%) whose tumor expressed either an estrogen receptor or
progesterone receptor received tamoxifen with a recommended duration of 5
years; 21% of patients with receptor-negative tumors also received tamoxifen.

The National Cancer Institute sponsored this trial and supplied G-CSF,
obtained from Amgen Pharmaceuticals (Thousand Oaks, CA), and pacli-
taxel, obtained from Bristol-Myers Squibb (Princeton, NJ). Subsequent to the
completion of the trial, Bristol-Myers Squibb provided a grant to the CALGB
for statistical support and to update data for submission to regulatory
agencies in the United States and Europe.

Patient Entry and Follow-Up

All patients were evaluated every 3 months during year 1, twice annually
for the next 2 years, and annually thereafter. Left ventricular ejection fraction
was measured at baseline and again at 5 years. A mammogram and chest
x-ray were obtained at entry and then yearly. A bone scan was required
before treatment was started, but this requirement was discontinued, consis-
tent with changes in clinical practice, after 2,178 patients had been enrolled.

Complete blood counts were obtained twice weekly, and all toxicities of
grade 2 or greater severity were collected on the first 325 patients enrolled
onto the trial. Only toxicity of grades 3 or higher was routinely recorded on

patients after the Data and Safety Monitoring Board had reviewed toxicity
data from the first 325 patients.

Statistical Considerations

The primary end point of this study was duration of disease-free survival.
Overall survival and toxicity assessment were secondary end points. Disease-
free survival is the interval from study entry to first locoregional recurrence,
first distant metastasis, or death as a result of any cause. All patients were
observed separately for first local and first distant recurrence, second
malignancy, delayed cardiotoxicity, and death.

Patients were randomly assigned at the Statistical Center with equal
probability to one of six treatment combinations using a stratified random
permuted block design. The number of positive axillary nodes was used as
the only stratification factor.

In the primary analysis of disease-free and overall survival, a proportional
hazards model was used to assess the main effects of increasing doxorubicin
dose (60, 75, and 90 mg/m2), adding paclitaxel (0, 1 [0 is used in the model
if the patient did not receive paclitaxel, and 1 is used if the patient did receive
paclitaxel]), and the interaction between doxorubicin dose and paclitaxel.
Protocol-specified covariates were the number of positive lymph nodes,
tumor size, and age. Hazard ratios were obtained from proportional
hazards models. Overall hazard ratios were obtained from proportional
hazards models. Hazard ratios by year were estimated as the ratio
between two groups of the proportion failures observed in time intervals
of 1 year in length.

The study was not powered to evaluate effects in subsets. No adjustments
in P values have been made for multiple comparisons.

An independent Data and Safety Monitoring Board monitored the study.
The protocol used an O’Brien-Fleming rule for early stopping but did not
specify rules for reporting results. The original protocol called for analyses
after 450, 900, 1,350, and 1,800 events. After the 450th event analysis, the
Data and Safety Monitoring Board concluded that patients should be aware
of the possible benefits from adding paclitaxel and recommended that the
results be released; as a result, the study was first presented at the annual
meeting of the American Society of Clinical Oncology in May 1998. This
decision was also based on a Bayesian predictive analysis using 1,000
simulations.12 At the time of the 450th event analysis, all patients had been
accrued to the study, and every patient had been observed for at least 1 year
after random assignment and 6 months after the completion of their
protocol-assigned chemotherapy. None of the patients in the trial who were
assigned to receive AC only were crossed over to receive paclitaxel
subsequent to the results being announced. Bristol-Myers Squibb requested
permission to submit the data to the Food and Drug Association (FDA) in
support of using paclitaxel as adjuvant treatment for early breast cancer, and
in turn, the FDA asked the CALGB to update the database and perform an
unplanned analysis after 600 events. An analysis with a median follow-up of
51 months and 900 events was presented to the National Institutes of Health
Consensus Conference on Early Breast Cancer in November 2000, and this
was the analysis initially submitted to theJournal of Clinical Oncologyin
February 2002. An updated analysis was undertaken in May 2002 and
presented at the 2002 American Society of Clinical Oncology meeting. After
discussions with the editors of theJournal of Clinical Oncology, it was
decided that the published article should be based on the most up-to-date
results, which have a median follow-up of 69 months; this is the analysis
reported here. As part of the quality assurance programs of the cooperative
groups, randomly chosen patients’ charts were audited on site at least once
every 3 years.

RESULTS

Between May 1994 and April 1999, 3,121 patients were
randomly assigned and began treatment. In the analyses
reported here, all of these patients are included in the
treatment group to which they were randomly assigned.
Median follow-up is 69 months, and three quarters of the
patients have been observed for at least 5 years. The charac-
teristics of the patients enrolled are listed in Table 1. There
were no significant imbalances in the randomization.

Fig 1. Protocol schema; 3 3 2 factorial design. After completion of chemother-
apy, radiation therapy was administered if patient was treated with lumpectomy
or at discretion of physician if patient was treated with masectomy, and tamoxifen
20 mg/d was administered for 5 years if the tumor was receptor positive.
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At the time of this analysis, there were 1,054 recurrences
(either disease recurrence or death without recurrence) and 742
deaths. There were 343 local recurrences (either isolated or with
distant recurrence) and 642 distant recurrences without a local
recurrence. Sixty-nine patients died without recurrence.

Efficacy: Doxorubicin Dose

There was no significant reduction in either the hazard of
recurrence or death related to doxorubicin dose (Tables 2 and 3).
At 5 years, the disease-free survival was 69%, 66%, and 67% for
patients randomly assigned to 60, 75, and 90 mg/m2, respec-
tively. Overall survival for these three treatment groups at the
same time point was 79%, 79%, and 77%, respectively (Fig 2).
The effects of dose are identical, whether all 3,121 patients are
included in the analysis or whether only those treated with CA

alone or those treated with CA followed by paclitaxel are
included (data not shown).

Addition of Paclitaxel

Adding paclitaxel to the CA combination led to hazard
reductions of 17% for recurrence (adjusted Waldx2 P 5 .0023)
and 18% for death (P 5 .0064; Table 3). The 1-year probability
of recurrence was 7.9% for CA and 4.6% for CA plus paclitaxel,
for a relative reduction of 42% attributable to the addition of
paclitaxel. This was seen in the first analysis of this study
(median follow-up, 21 months) and has not changed significantly
with longer follow-up. These early effects are reflected in the
Wilcoxon tests for significance (P 5 .0011 for recurrence and
P 5 .0098 for death). At 5 years, 65% of the patients randomly
assigned to CA and 70% assigned to CA plus paclitaxel were
alive and free of recurrence, whereas 77% and 80%, respec-
tively, were alive (Fig 3).

There was no interaction between doxorubicin dose and the
addition of paclitaxel. The addition of a paclitaxel by doxorubi-
cin interaction term to the proportional hazards model did not
add predictive information for recurrence (P 5 .18) or death
(P 5 .20). Each paclitaxel arm performed better than the
corresponding CA arm without paclitaxel.

This study was not powered to assess outcomes in patient
subsets, but a limited number of subset analyses were performed.
In subsets defined by tumor size, number of positive lymph
nodes, and patient age, the only covariates specifically men-

Table 1. Patient Characteristics by Treatment Arm

Patient Characteristics
All

Patients

Treatment Arm

Doxorubicin Dose
CA

Alone
CA 1

Paclitaxel60 mg/m2 75 mg/m2 90 mg/m2

No. of patients
Randomized 3,170 1,060 1,053 1,057 1,580 1,590
Available for analysis* 3,121 1,048 1,040 1,033 1,551 1,570

Median follow-up, months 69 68 69 69 69 69
Age, %

, 40 years 20 20 22 20 21 20
40-49 years 40 40 39 41 39 41
50-59 years 27 26 28 26 28 26
601 years 13 13 11 13 12 13

Race, %
Black 9 10 9 9 9 10
Other nonwhite 7 7 8 6 8 6

Premenopausal, % 62 61 62 62 62 61
Pathologic tumor size, %

# 2 cm 35 35 36 34 35 35
. 5 cm 13 13 13 13 12 13

Positive lymph nodes, %
1-3 nodes 46 47 46 46 47 46
4-9 nodes 42 42 42 42 42 42
101 nodes 12 11 12 12 12 12

Receptor positive, ER or PR, %† 66 68 65 65 66 67
ER positive, % 59 61 58 57 58 60
Primary treatment: mastectomy, % 70 69 70 71 70 69

Abbreviations: ER, estrogen receptor; CA, cyclophosphamide and doxorubicin; PR, progesterone receptor.
*Although 3,170 women were randomized, 49 patients never received any protocol therapy, usually because the patient withdrew consent.

Because no information is available on the treatment the canceled patients received, their disease-free survival, or their overall survival, all analyses
in this article are based on the remaining 3,121 patients.

†Both ER and PR status is known for all but 33 patients, and the status of at least one receptor is known for all but 15 patients. Two thirds of patients
were positive for at least one receptor: ER1/PR1, 49%; ER1/PR2, 10%; ER2/PR1, 7%; and ER2/PR2, 33%.

Table 2. Recurrences and Deaths by Treatment Arm

Variable
No. of Patients
Randomized

No. of Patients
With a

Recurrence
No. of Patients

Dead

Doxorubicin dose
60 mg/m2 1,060 340 241
75 mg/m2 1,053 360 241
90 mg/m2 1,057 354 260

Paclitaxel v no paclitaxel
No paclitaxel 1,580 563 400
Paclitaxel 1,590 491 342
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tioned in the protocol, the addition of paclitaxel was consistently
beneficial. Although the magnitude of benefit varied, there was
no evidence that adding paclitaxel was significantly better for
one of these subsets compared with the others. In unplanned
subset analyses, two patient subsets showed particular benefit
from paclitaxel: patients with negative or unknown tumor
receptor status (hazard ratio5 0.72), and patients who did not
receive tamoxifen (hazard ratio5 0.69; Table 4). However, the
differences between the effects in these subsets were no longer
significant after adjusting for multiple comparisons.

Toxicity

Most patients (98%) who began CA treatment completed all
four cycles of therapy, but dose reductions and delays in the
initiation of a treatment cycle were significantly more frequent at
the higher doxorubicin doses (P , .0001). Severe neutropenia,
thrombocytopenia, anemia, blood or platelet transfusions, and
hospitalizations increased in frequency with each doxorubicin
dose escalation (P , .0001, linear trend in doxorubicin dose).
Patients randomly assigned to either of the higher levels of
doxorubicin dose were more prone to develop infection than
those treated with 60 mg/m2 doxorubicin. Patients randomly
assigned to 90 mg/m2 doxorubicin, all of whom routinely
received both G-CSF and a prophylactic antibiotic, had about the
same frequency of serious infection as those randomly assigned
to 75 mg/m2 doxorubicin, who received G-CSF only as needed.
Patients on the highest dose had slightly more nausea and
vomiting than those on the lower doses, but stomatitis of grade
2, 3, or 4 was dose related (43%, 30%, and 10% of patients
randomly assigned to 90, 75, or 60 mg/m2 doxorubicin, respec-
tively; P , .00001, linear trend).

Fifty-eight patients randomly assigned to receive paclitaxel
did not receive any; the most common reason was withdrawal of
consent (41 of 58 patients). However, 92% of the patients who
started paclitaxel completed all four cycles. Paclitaxel treatment
resulted in substantially less hematologic toxicity than CA. The

percentage of patients with at least one episode of granulocyto-
penia (# 500/mL) while receiving CA with a doxorubicin dose
of 60 mg/m2 was 62%, compared with only 16% during
paclitaxel therapy. The incidence of infection requiring an
antibiotic was less strikingly different (17% of patients receiving
60 mg/m2 of doxorubicin and 11% of patients receiving pacli-
taxel). Ten percent of patients on the lowest dose of CA were
hospitalized at least once for toxicity, compared with 3% of
patients treated with paclitaxel.

Most nonhematologic toxicities were also seen more often and
were more severe during treatment with CA than with paclitaxel,
including grade II, III, or IV nausea (32% for those receiving the
lowest dose of CAv 3% during paclitaxel), vomiting (27%v
1%), and stomatitis (10%v 1%). Hypersensitivity reactions of
any severity were seen in 6% of patients during paclitaxel. All
but four of these reactions consisted of either urticaria, fever
more than 38°C, serum sickness, and/or bronchospasm. Three
patients had anaphylaxis, and one patient died of a hypersensi-
tivity reaction. During paclitaxel treatment, 15% of patients had
moderate paresthesias, but only 3% had sensory neurotoxicity
that interfered with normal functioning. One patient developed a
permanent paralysis after one dose of paclitaxel.

Clinically important cardiac dysrhythmias, congestive heart
failure, changes in left ventricular ejection fraction, or any other
heart symptoms regardless of any possible relationship to treat-
ment occurred in up to 2% of patients during treatment. The
incidence of cardiotoxicity during treatment was not significantly
different among patients treated with different doxorubicin doses.
During posttreatment follow-up, all degrees of cardiotoxicity oc-
curred more often among those randomly assigned to the highest
dose of doxorubicin (16%) compared with those treated with 60
(11%) and 75 mg/m2 of doxorubicin (13%;P 5 .0032, linear trend
in doxorubicin dose). There was no difference in incidence of
cardiotoxicity between those who did and those who did not receive
paclitaxel. Congestive heart failure was observed during active
protocol therapy in four (, 1%) and six (, 1%) patients and during

Table 3. Hazard Ratios for Recurrence and Death (from proportional hazard models)

Variable
Hazard
Ratio

95% Confidence
Interval

P

Unadjusted*
Adjusted†
Wald x2Wilcoxon Log-Rank

Recurrence
Doxorubicin dose .68 .66 .60

60 v 90 mg/m2 0.97 0.84 to 1.13
60 v 75 mg/m2 0.99 0.91 to 1.06

Paclitaxel v no paclitaxel 0.83 0.73 to 0.94 .0011 .0013 .0023
Death

Doxorubicin dose .33 .42 .31
60 v 90 mg/m2 0.91 0.76 to 1.09
60 v 75 mg/m2 0.96 0.87 to 1.05

Paclitaxel v no paclitaxel 0.82 0.71 to 0.95 .0098 .0061 .0064

*The protocol specifies the Wald x2 obtained from the proportional hazards modeling to assess statistical significance for
the primary end points. Other tests that give emphasis to earlier (Wilcoxon) or later (log-rank) parts of the time distributions
are also shown.

†From a multivariate proportional hazards regression model based on 3,104 patients for whom there are complete data
for all the variables used in the model. Pretreatment variables in the model were the square root transformation of the number
of positive nodes, the square root transformation of tumor size, and age at study entry. The number of positive nodes and
tumor size significantly correlated with both disease-free and overall survival, and age correlated weakly with disease-free
survival. P values for dose are based on the linear trend.
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posttreatment follow-up in 23 (1%) and 27 (2%) patients randomly
assigned to CA alone and CA plus paclitaxel, respectively.

There were no significant differences in the incidences of
secondary malignancies, including leukemias and myelodyspla-
sias, on any of the study arms. On the CA-only arms, there were
six cases of acute myeloid leukemia, two cases of myelodysplas-
tic disease, and one case of acute lymphoid leukemia. On the AC

plus paclitaxel arm, there were four cases of acute myeloid
leukemia, four cases of myelodysplastic disease, and no cases of
acute lymphoid leukemia.

Three deaths occurred during treatment. A 74-year-old woman
died of respiratory and cardiac failure 1 month after her first
cycle of CA with doxorubicin 90 mg/m2. Two deaths occurred
while patients were receiving paclitaxel. A 49-year-old patient

Fig 2. (A) Disease-free and (B) overall
survival of patients randomly assigned to
doxorubicin doses of 60, 75, or 90 mg/m2.
Adjusted P values from multivariate propor-
tional hazards model, unadjusted P values
from the Wilcoxon test (Table 3), total num-
ber of events, number of patients at risk by
year of follow-up, and percentage disease
free/alive (6 SE) at 6 years are shown.
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died of a brain infarction 16 days after her third cycle of
paclitaxel. The other patient was 74 years old and had an
anaphylactic reaction after a paclitaxel infusion of 13 mL during
her second cycle.

DISCUSSION

Escalation of doxorubicin dose in this trial did not improve
either the disease-free or overall survival of patients with stage II
breast cancer. However, doxorubicin dose escalation substan-
tially increased hematologic toxicity and stomatitis. There was

also a significant monotonic increase in long-term cardiotoxicity
by doxorubicin dose.

In contrast, compared with the nonpaclitaxel arms, the pacli-
taxel arms had a decrease in the hazard of recurrence by 17%
(hazard ratio5 0.83, adjusted Waldx2 P 5 .0023) and the
hazard of death by 18% (hazard ratio5 0.82, adjustedP 5
.0064). Hazard reductions seen in years 1 and 2 were significant
and have remained so with longer follow-up (this is reflected in
the unadjusted WilcoxonP 5 .0011 andP 5 .0098, respectively,
for these two end points). The reductions in the hazard of

Fig 3. Disease-free (A) and overall sur-
vival (B) of patients randomly assigned to
cyclophosphamide and doxorubicin alone
or with paclitaxel. Adjusted P values from
multivariate proportional hazards model,
unadjusted P values from the Wilcoxon test
(Table 3), total number of events, number of
patients at risk, and percentage disease
free/alive (6 SE) by year of follow-up are
shown.
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recurrence during year 1 were 41.9%, 41.1%, and 37.4% for the
analyses performed after 450, 600, and 900 events. The reduc-
tions in hazards during year 2 were 10.7%, 13.6%, and 10.7% for
these three analyses, respectively. The absolute difference in
1-year disease-free survival and overall survival between the
CA and CA plus paclitaxel arms was 3% and 1%, respec-
tively; the paclitaxel arms had the advantage. An improve-
ment of 5% in disease-free and 3% in overall survival is now
evident at 5 years. The benefits from adding paclitaxel to CA
observed during the first 5 years should not change at
subsequent analyses because 75% of the patients have at least
5 years of follow-up. Whether similar benefits will be
observed at longer follow-up intervals (eg, 10 years) cannot
be predicted now. The size of the effect from adding pacli-
taxel to CA is similar to the effect seen from using an
anthracycline-containing regimen compared with CMF.1

In subsets defined by nodal status, tumor size, and patient age,
the addition of paclitaxel to CA consistently proved advanta-
geous. However, the effect was largest among those whose
tumors were hormone-receptor negative and among those who
received no adjuvant tamoxifen compared with all other patient
subgroups. As these were unplanned subset analyses and not
anticipated outcomes, these observations must be interpreted
cautiously. Because patients with receptor-positive tumors re-
lapse later than those with receptor-negative tumors, differences
in the effectiveness of treatment may diminish with longer
follow-up. It would be premature to conclude that these
differences in subsets defined by receptor status or tamoxifen
use are limited to paclitaxel and not other chemotherapeutic
agents. In recent overviews, the benefits from adjuvant
chemotherapy were generally smaller in patients with recep-
tor-positive tumors and among those who had received
adjuvant tamoxifen.1,13 Few studies in patients with early
breast cancer have focused on either receptor status or
tamoxifen use as predictive factors for response to adjuvant
chemotherapy, but this subset analysis indicates that this
should be prospectively evaluated in future trials.

The CA and CA plus paclitaxel arms differed both in duration
of therapy (3v 6 months) and in the drugs used. From this study
alone, we cannot determine the individual contribution of each of
these factors to the observed outcomes. Three months of CA is
standard treatment in the United States because most randomized
studies have not shown a clear advantage for longer durations of
therapy, and longer durations are associated with an increased

likelihood of cardiotoxicity.1,14 However, there are still insuffi-
cient data to rule out the possibility that treatment duration is
important. An overview of all randomized trials designed to
evaluate the importance of treatment duration demonstrated a
reduction6 SD of 7%6 4% (P 5 .06) in the annual odds of
recurrence favoring longer over shorter treatment but no reduc-
tion in the annual odds of death.1 Most of the studies in this
overview compared treatment durations longer than 6 months.
However, in one study that has been recently updated,15 621
premenopausal women with nodal involvement were randomly
assigned to either three or six cycles of fluorouracil, epirubicin,
and cyclophosphamide.1,15A significant disease-free and overall
survival advantage has emerged for patients receiving the longer
treatment duration.

Another potential confounding factor is the possibility that the
dose effect was compromised because the higher doses of
doxorubicin were administered over 2 days. This seems unlikely
because continuous infusions of doxorubicin over 48 to 96 hours
seem to be as effective as bolus infusions in patients with
metastatic disease,16 but there are no direct comparisons of
administering the same dose of doxorubicin over 2 days rather
than as a single bolus dose. On the basis of the known
pharmacokinetics of doxorubicin, the area under the curve
should be the same whether the dose is administered over 1 day
or in divided doses.

The original protocol for this study called for a final analysis
4 years after the end of patient accrual. This occurred in April
2001. Times for analyses up to that point were defined by the
numbers of events, and the data safety monitoring board used
these time points as a guide in announcing the results of the trial.
The data safety monitoring board released the results after the
first of these analyses, which occurred after 450 events. There
have been two updates of the results since that time. The first was
in response to a request from the FDA; the time point for this
analysis was not data derived. Because of the size of the trial, the
importance of the questions for clinical practice in the United
States, and the interest in this trial by the oncology community,
a fourth analysis was undertaken. This is the analysis reported
here. Although there are several widely accepted approaches to
making adjustments in statistical significance for multiple anal-
yses taken to determine whether a trial should be stopped early,
there is no similar standard for adjusting statistical inference for
analyses taken to determine the time for reporting results, and no
adjustments have been made.

This is the third large, multicenter, randomized trial that
has failed to demonstrate any advantage to breast cancer
patients from moderate dose escalation of either cyclophos-
phamide or doxorubicin with hematopoietic growth factor
support for periods of 3 to 4 months.9,10 More extreme dose
escalation with stem cell support has similarly failed to
improve survival substantially or significantly.17-21 Dose
escalation may benefit some breast cancer patients, such as
those whose tumors overexpress HER2/neu.22,23This hypoth-
esis was addressed in this study and will be reported at a later
date. At this time, however, there are no data from random-
ized trials to justify dose escalation of cyclophosphamide
beyond 400 mg/m2 and doxorubicin beyond 40 mg/m2.7-10

Table 4. Hazard of Recurrence in Patient Subsets Defined by Receptor Status
and Use of Tamoxifen: An Unplanned Subset Analysis

Subset*
No. of

Recurrences
% of

Recurrences†

Hazard Ratio:
CA v CA1

Paclitaxel

95%
Confidence

Interval

Receptor positive‡ 600 29 0.91 0.78 to 1.07
Receptor negative/unknown 454 43 0.72 0.59 to 0.86
Received tamoxifen§ 644 30 0.92 0.79 to 1.08
Received no tamoxifen 403 43 0.69 0.57 to 0.84

*Based on patients with available data.
†Percent of all patients in this subset that have recurred.
‡Estrogen receptor and/or progesterone receptor.
§Without regard to receptor status.
Abbreviation: CA, cyclophosphamide and doxorubicin.
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In this study, the administration of a non–cross-resistant drug,
paclitaxel, as a single agent after completion of treatment with a
standard therapy, CA, improved disease-free and overall sur-
vival. In another study,24 174 patients were randomly assigned to
either eight cycles of CA plus fluorouracil or to four cycles of
paclitaxel followed by four cycles of CA plus fluorouracil. After
a median follow-up of 44 months, there was a 26% reduction in
the number of recurrences and a 4% difference in disease-free
survival, favoring those treated with paclitaxel, but these differ-

ences failed to reach statistical significance in this small study.
These two studies taken together still do not rule out the
possibility that eight cycles of CA might be as effective as the
sequence described here. However, eight cycles of CA using
conventional-dose schedules would be considerably more toxic,
with unacceptable levels of cardiomyopathy.15 For this reason,
we conclude that the use of four cycles of CA followed by four
cycles of paclitaxel is a reasonable treatment choice for at least
some patients with early breast cancer.

APPENDIX

The following institutions participated in the study: Cancer and Leukemia Group B Statistical Center, Durham, NC (Stephen George, PhD; supported by
CA33601); Baptist Cancer Institute Community Clinical Oncology Program (CCOP), Memphis, TN (Lee S. Schwartzberg, MD; supported by CA71323);
Christiana Care Health Services, Inc, CCOP, Wilmington, DE (Irving M. Berkowitz, DO; supported by CA45418); Community Hospital, Syracuse CCOP,
Syracuse, NY (Jeffrey Kirshner, MD; supported by CA45389); Dana-Farber Cancer Institute, Boston, MA (George P Canellos, MD; supported by CA32291);
Dartmouth Medical School, Norris Cotton Cancer Center, Lebanon, NH (L. Herbert Maurer, MD; supported by CA04326); Duke University Medical Center,
Durham, NC (Jeffrey Crawford, MD; supported by CA47577); Eastern Cooperative Oncology Group, Philadelphia, PA (Robert L. Comis, MD, Chairman;
supported by CA21115); Green Mountain Oncology Group CCOP, Bennington, VT (H. James Wallace Jr, MD; supported by CA35091); Kaiser Permanente
CCOP, San Diego, CA (Jonathan A. Polikoff, MD; supported by CA45374); Long Island Jewish Medical Center, Lake Success, NY (Marc Citron, MD;
supported by CA11028); Massachusetts General Hospital, Boston, MA (Michael L. Grossbard, MD; supported by CA12449); Mount Sinai Medical Center
CCOP Miami, Miami Beach, FL (Enrique Davila, MD; supported by CA45564); Mount Sinai School of Medicine, New York, NY (James F. Holland, MD;
supported by CA04457); North Central Cancer Treatment Group, Rochester, MN (Michael J O’Connell, MD, Chairman; supported by CA25224); North
Shore University Hospital CCOP, Manhasset, NY (Vincent Vinciguerra, MD, supported by CA35279; and Daniel R. Budman, MD, supported by CA35279);
Rhode Island Hospital, Providence, RI (Louis A. Leone, MD; supported by CA08025); Roswell Park Cancer Institute, Buffalo, NY (Ellis Levine, MD;
supported by CA02599); South New Jersey CCOP, Camden, NJ (Jack Goldberg, MD; supported by CA54697); Southeast Cancer Control Consortium Inc
CCOP, Goldsboro, NC (James N. Atkins, MD; supported by CA45808); Southern Nevada Cancer Research Foundation CCOP, Las Vegas, NV (John
Ellerton, MD; supported by CA35421); Southwest Oncology Group, San Antonio, TX (Charles Coltman, MD, Chairman; supported by CA31202); St
Michael’s Medical Center Tri-County CCOP, Paterson, NJ (Arnold D. Rubin, MD; supported by CA60247); State University of New York Health Science
Center at Syracuse, Syracuse, NY (Stephen L. Graziano, MD; supported by CA21060); University of Alabama Birmingham, Birmingham, AL (Robert Diasio,
MD; supported by CA47545); University of California at San Diego, San Diego, CA (Stephen L Seagren, MD; supported by CA11789); University of
California at San Francisco, San Francisco, CA (Alan P. Venook, MD; supported by CA60138); University of Chicago Medical Center, Chicago, IL (Nicholas
J. Vogelzang, MD; supported by CA41287); University of Illinois at Chicago, Chicago, IL (Jeffrey A. Sosman, MD; supported by CA74811); University of
Iowa Hospitals, Iowa City, IA (Gerald H. Clamon, MD; supported by CA47642); University of Maryland Cancer Center, Baltimore, MD (David Van Echo,
MD; supported by CA31983); University of Massachusetts Medical Center, Worcester, MA (F. Marc Stewart, MD; supported by CA37135); University of
Minnesota, Minneapolis, MN (Bruce A. Peterson, MD; supported by CA16450); University of Missouri/Ellis Fischel Cancer Center, Columbia, MO (Michael
C. Perry, MD; supported by CA12046); University of Nebraska Medical Center, Omaha, NE (Anne Kessinger, MD; supported by CA77298); University of
North Carolina at Chapel Hill, Chapel Hill, NC (Thomas C. Shea, MD; supported by CA47559); University of Tennessee Memphis, Memphis, TN (Harvey
B. Niell, MD; supported by CA47555); Vermont Cancer Center, Burlington, VT (Hyman B. Muss, MD; supported by CA77406); Virginia Commonwealth
University CCOP, Richmond, VA (John D. Roberts, MD; supported by CA52784); Wake Forest University School of Medicine, Winston-Salem, NC (David
D. Hurd, MD; supported by CA03927); Walter Reed Army Medical Center, Washington, DC (John C. Byrd, MD; supported by CA26806); Washington
University School of Medicine, St Louis, MO (Nancy L. Bartlett, MD; supported by CA77440); and Weill Medical College of Cornell University, New York,
NY (Ted P. Szatrowski, MD; supported by CA07968).
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