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Abstract
BACKGROUND—Chemotherapy regimens that combine anthracyclines and taxanes result in
improved disease-free and overall survival among women with operable lymph-node–positive breast
cancer. The effectiveness of concurrent versus sequential regimens is not known.

METHODS—We randomly assigned 5351 patients with operable, node-positive, early-stage breast
cancer to receive four cycles of doxorubicin and cyclophosphamide followed by four cycles of
docetaxel (sequential ACT); four cycles of doxorubicin and docetaxel (doxorubicin–docetaxel); or
four cycles of doxorubicin, cyclophosphamide, and docetaxel (concurrent ACT). The primary aims
were to examine whether concurrent ACT was more effective than sequential ACT and whether the
doxorubicin–docetaxel regimen would be as effective as the concurrent-ACT regimen. The
secondary aims were to assess toxic effects and to correlate amenorrhea with outcomes in
premenopausal women.

RESULTS—At a median follow-up of 73 months, overall survival was improved in the sequential-
ACT group (8-year overall survival, 83%) as compared with the doxorubicin–docetaxel group
(overall survival, 79%; hazard ratio for death, 0.83; P= 0.03) and the concurrent-ACT group (overall
survival, 79%; hazard ratio, 0.86; P = 0.09). Disease-free survival was improved in the sequential-
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ACT group (8-year disease-free survival, 74%) as compared with the doxorubicin–docetaxel group
(disease-free survival, 69%; hazard ratio for recurrence, a second malignant condition, or death, 0.80;
P = 0.001) and the concurrent-ACT group (disease-free survival, 69%; hazard ratio, 0.83; P = 0.01).
The doxorubicin–docetaxel regimen showed noninferiority to the concurrent-ACT regimen for
overall survival (hazard ratio, 0.96; 95% confidence interval, 0.82 to 1.14). Overall survival was
improved in patients with amenorrhea for 6 months or more across all treatment groups,
independently of estrogen-receptor status.

CONCLUSIONS—Sequential ACT improved disease-free survival as compared with doxorubicin–
docetaxel or concurrent ACT, and it improved overall survival as compared with doxorubicin–
docetaxel. Amenorrhea was associated with improved survival regardless of the treatment and
estrogen-receptor status.

Chemotherapy regimens that combine anthracyclines and taxanes with other agents such as
cyclophosphamide result in improved disease-free and overall survival among women with
operable lymph-node–positive breast cancer.1,2 The contribution of cyclophosphamide to these
regimens has not been defined. Initial evaluations of taxanes in the adjuvant setting used a
sequential approach of administration after completion of the anthracycline-based regimen.
Phase 3 trials in advanced breast cancer have shown superiority with a doxorubicin–docetaxel
combination as compared with doxorubicin–cyclophosphamide and with doxorubicin,
cyclophosphamide, and docetaxel (ACT, also known as the TAC regimen), and as compared
with fluorouracil, doxorubicin, and cyclophosphamide.3,4 These studies provided the rationale
for the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-30 trial.

This trial was designed to compare the sequential regimen of doxorubicin and
cyclophosphamide followed by docetaxel (sequential ACT) with the doxorubicin–docetaxel
combination and with the concurrent regimen of doxorubicin, cyclophosphamide, and
docetaxel (concurrent ACT), while keeping the number of cycles of doxorubicin and docetaxel
the same in all three groups. Specific questions addressed in this trial were whether four cycles
of the concurrent-ACT regimen would improve overall survival and disease-free survival as
compared with the sequential regimen and whether a four-cycle regimen of doxorubicin–
docetaxel without cyclophosphamide would be at least as effective as four cycles of concurrent
ACT. The development of amenorrhea during and after adjuvant chemotherapy has been
associated with clinically important effects on symptoms and quality of life in women with
early breast cancer.5 To assess the effect of amenorrhea on the outcome end points, we
prospectively documented menstrual status after therapy in premenopausal patients.

METHODS
PATIENTS

Women were eligible for randomization if they presented with invasive adenocarcinoma
(tumor stage T1, T2, or T3, clinical nodal stage N0 or N1, and metastasis stage M0)6 and had
undergone primary surgery with total mastectomy or lumpectomy plus axillary nodal dissection
with margins of resection that were histologically free of invasive tumor or ductal carcinoma
in situ. Histologic evidence of tumor in at least one lymph node was required. Randomization
must have occurred within 84 days after the final surgery. Analysis of estrogen-receptor (ER)
and progesterone-receptor (PR) expression and the intended plan for radiotherapy were
required before entry into the study. Exclusion criteria included bilateral breast cancer, previous
therapy for breast cancer, current administration of hormone therapy or raloxifene, previous
anthracycline-containing or taxane-containing chemotherapy for any malignant condition,
pregnancy, and grade 2 or higher peripheral neuropathy. Before randomization, a history and
physical examination, chest radiography, bilateral mammography, and electrocardiography
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were required. The study was approved by the ethics committees or institutional review boards
of all participating institutions. Written informed consent was required.

STUDY DESIGN
This randomized, multicenter, phase 3 trial was conducted by the NSABP in collaboration with
the Eastern Cooperative Oncology Group, the Southwest Oncology Group, and the North
Central Cancer Treatment Group. Patients were stratified according to the number of positive
lymph nodes (1 to 3, 4 to 9, or ≥10), type of local therapy, and planned use or nonuse of
tamoxifen. To keep the doses of doxorubicin and cyclophosphamide equivalent across the
study groups, the original treatment regimens were as follows: four cycles of doxorubicin at a
dose of 60 mg per square meter of body-surface area plus cyclophosphamide at a dose of 600
mg per square meter every 3 weeks, followed by four cycles of docetaxel at a dose of 100 mg
per square meter every 3 weeks (the sequential-ACT regimen); four cycles of doxorubicin at
a dose of 60 mg per square meter plus docetaxel at a dose of 60 mg per square meter every 3
weeks (the doxorubicin–docetaxel regimen); and four cycles of doxorubicin at a dose of 60
mg per square meter plus cyclophosphamide at a dose of 600 mg per square meter plus
docetaxel at a dose of 60 mg per square meter every 3 weeks (the concurrent-ACT regimen).

In September 2000, after five deaths were reported among patients assigned to the concurrent-
ACT regimen, the doses for this regimen were modified as follows: doxorubicin at a dose of
50 mg per square meter, cyclophosphamide at a dose of 500 mg per square meter, and docetaxel
at a dose of 75 mg per square meter. To maintain consistency with the aims of the study, the
doses in the doxorubicin–docetaxel group were also changed (doxorubicin at a dose of 50 mg
per square meter and docetaxel at a dose of 75 mg per square meter). The protocol was also
amended to include primary prophylaxis with granulocyte or granulocyte–macrophage colony-
stimulating factors in these two treatment groups. Initially, patients with ER-positive tumors,
PR-positive tumors, or both received 20 mg of tamoxifen daily for 5 years starting concurrently
with chemotherapy. An amendment in October 2002 required tamoxifen treatment after the
completion of chemotherapy; in addition, anastrozole was allowed in postmenopausal women.
If indicated, radio-therapy was administered after chemotherapy.

Clinical, hematologic, and biochemical assessments, including assessments of toxic effects
(according to the National Cancer Institute’s Common Toxicity Criteria, version 2
[http://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/
ctcv20_4-30-992.pdf]), were required on day 1 of each cycle, at 6-month intervals through
year 5, and every 12 months thereafter. The patient’s menstrual history was assessed at baseline,
day 1 of cycle 4, and months 6, 12, 18, and 24; quality of life was assessed on day 1 of each
cycle and at 6-month intervals up to month 24.

The investigators designed the study and analyzed the data, and they vouch for the accuracy
and completeness of the data. All authors contributed to the writing of and the decision to
publish the article. The first draft of the manuscript was written by the first author with the
writing assistance of the Phillips Group, which was funded by the Washington Hospital Center
Foundation.

Docetaxel was donated by Sanofi-Aventis, which had no role in the study design, data accrual,
data analysis, or manuscript preparation.

STATISTICAL ANALYSIS
Events used for the analysis of the end point of overall survival included death from any cause.
Events used for the analysis of the end point of disease-free survival included local, regional,
or distant breast-cancer recurrence, second primary cancer (other than squamous-cell or basal-
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cell carcinoma of the skin or carcinoma in situ of the cervix), and death from any cause before
recurrence. All events were measured from the date of random assignment. The study was
designed to detect a 25% reduction in overall survival between the concurrent-ACT group and
the sequential-ACT group (two-sided superiority test, 80% power), and to test equivalence
between doxorubicin–docetaxel versus concurrent ACT and doxorubicin–docetaxel versus
sequential ACT (non-inferiority analysis, 90% power).

Secondary aims were to compare disease-free survival and quality of life, and to determine the
association between the occurrence of amenorrhea for at least 6 months in the 24 months after
randomization with quality of life, disease-free survival, and overall survival among
menstruating premenopausal and perimenopausal women who had received the treatment
regimens. These results have been reported elsewhere.7,8

An independent data monitoring committee met semiannually to monitor safety information
and the outcome data. The formal, prespecified interim monitoring plan used for assessing
outcomes included three interim analyses. The boundaries used as stopping rules for the interim
analyses were determined with the use of the method described by Fleming et al.9

We evaluated all patients who had follow-up, regardless of eligibility status. Distributions of
time-to-event analyses were estimated by means of the Kaplan–Meier method10; differences
in the end points of overall survival and disease-free survival between treatment groups were
assessed by means of the two-sided log-rank test.11 The stratified Cox proportional-hazards
model was used to adjust for potential confounding factors, and the chi-square test was used
to compare proportions in toxicity data among treatment groups.12,13 The proportion of each
specific subtype of first events included in the disease-free survival end point was estimated
and compared among treatment groups with the use of Gray’s method.14 Forest plots were
used to summarize the results of various subgroup analyses. All reported P values are two-
sided.

RESULTS
PATIENTS

Between 1999 and 2004, a total of 5351 patients were randomly assigned from 185 North
American centers. Eighty-seven patients (2%) were lost to follow-up and excluded from
analyses (30 in the sequential-ACT group, 31 in the doxorubicin–docetaxel group, and 26 in
the concurrent-ACT group) (Fig. 1). The remaining 5264 patients were included in the
intention-to-treat population (1753 in the sequential-ACT group, 1753 in the doxorubicin–
docetaxel group, and 1758 in the concurrent-ACT group). Results are reported after a median
follow-up of 73 months. Of the patients enrolled in the study, 93 (2%) were ineligible but were
included in the intention-to-treat analysis (38 in the sequential-ACT group, 27 in the
doxorubicin–docetaxel group, and 28 in the concurrent-ACT group). The treatment groups
were well balanced with respect to demographic and tumor characteristics (Table 1).

TREATMENT
The protocol therapy was discontinued early in 370 patients (7%); of these patients, 279 (5%)
discontinued the study drug because of toxic effects, 49 (<1%) because they withdrew from
the study or declined the protocol therapy, 14 (<1%) because of other disease, and 28 (<1%)
for other reasons. Of the 1753 patients randomly assigned to sequential ACT and who had
follow-up, 1748 began protocol therapy. Of these patients, 99% completed four cycles of
doxorubicin and cyclophosphamide, and 86% completed all eight treatment cycles. A total of
1729 patients in the doxorubicin–docetaxel group and 1740 in the concurrent-ACT group began
protocol therapy; 97% of the patients in each group completed all four cycles. Cycle delays
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occurred in 53% of patients in the sequential-ACT group, 22% of the patients in the
doxorubicin–docetaxel group, and 24% of the patients in the concurrent-ACT group;
hematologic toxicity was the most frequent reason for cycle delay (in 22%, 3%, and 3% of the
patients, respectively).

EFFICACY
A total of 803 deaths (240 in the sequential-ACT group, 285 in the doxorubicin–docetaxel
group, and 278 in the concurrent-ACT group) as of August 31, 2008, led to the definitive
analysis. Kaplan–Meier estimates of overall survival and disease-free survival in the intention-
to-treat population are shown in Figures 2A and 2B. In the primary end-point analysis,
treatment with sequential ACT (8-year overall survival, 83%) was associated with a significant
17% reduction in mortality as compared with doxorubicin–docetaxel (overall survival, 79%;
hazard ratio, 0.83; P = 0.03) and a nonsignificant reduction of 14% as compared with concurrent
ACT (overall survival, 79%; hazard ratio, 0.86; P = 0.09). There was no difference in overall
survival for doxorubicin–docetaxel as compared with concurrent ACT (hazard ratio, 0.96; 95%
confidence interval, 0.82 to 1.14; P = 0.67).

In the analysis of disease-free survival, a total of 1313 events were observed. Patients treated
with sequential ACT (8-year disease-free survival, 74%) had a significant reduction in the
likelihood of disease recurrence, a second malignant condition, or death as compared with
either concurrent ACT (disease-free survival, 69%; hazard ratio, 0.83; P = 0.01) or
doxorubicin–docetaxel (disease-free survival, 69%; hazard ratio, 0.80; P = 0.001). No
difference was noted in disease-free survival between the doxorubicin–docetaxel group and
the concurrent-ACT group (hazard ratio for disease recurrence, a second malignant condition,
or death, 0.96; P = 0.58). Most disease recurrence was distant (Table 2). The group that received
sequential ACT had significantly fewer distant recurrences as first events (12%) as compared
with the other groups (16% in the doxorubicin–docetaxel group and 15% in the concurrent-
ACT group, P=0.01 for the comparison among the three groups) (Table 2).

In a planned multivariate subgroup analysis, sequential ACT appeared to be more efficacious
than either concurrent ACT or doxorubicin–docetaxel in all subgroups tested with respect to
both overall survival (Fig. 3A and 3C) and disease-free survival (Fig. 3B and 3D), with the
exception of tumors that were less than 2 cm in diameter in patients receiving doxorubicin–
docetaxel (Fig. 3C). No evidence of interaction between treatment effect and any of the factors
tested was noted. For the comparison of sequential ACT versus concurrent ACT, the P values
for interaction for treatment according to ER status were 0.18 for overall survival and 0.96 for
disease-free survival. For the comparison of sequential ACT versus doxorubicin–docetaxel,
the P values for interaction for treatment according to ER status were 0.89 for overall survival
and 0.64 for disease-free survival (see Table 1 in the Supplementary Appendix, available with
the full text of this article at NEJM.org). For the comparison of sequential ACT versus
concurrent ACT, the P values for interaction according to menopausal status were 0.27 and
0.47. For the comparison of sequential ACT versus doxorubicin–docetaxel, the P values for
interaction according to menopausal status were 0.08 and 0.17. Disease-free survival was also
tested for the interaction between the treatment effect of the regimens and amendment
implementation (before and after dosage changes in the doxorubicin–docetaxel and concurrent-
ACT groups and tamoxifen scheduling). These analyses suggested that the protocol changes
did not affect outcome.

SAFETY
There was an increased incidence of grade 3 or 4 adverse events among patients in the
sequential-ACT group (65%), as compared with 45% of patients in the doxorubicin–docetaxel
group and 48% of patients in the concurrent-ACT group. Significant increases in stomatitis,
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febrile neutropenia, and infection were observed in the group that received sequential ACT as
compared with the other groups, and arthralgia, fatigue, and vomiting were reported less often
in the doxorubicin–docetaxel group (Table 3). Treatment-related deaths occurred in 24 patients
overall (<1%): 5 in the sequential-ACT group (<1%), 7 in the doxorubicin–docetaxel group
(<1%), and 12 in the concurrent-ACT group (<1%). Two deaths occurred in the sequential-
ACT group, two deaths occurred in the doxorubicin–docetaxel group, and five deaths occurred
in the concurrent-ACT group before the September 18, 2000, amendment.

MENSTRUAL HISTORY STUDY
Of the 2445 premenopausal patients who were eligible for the menstrual history study, follow-
up menstrual history was available for 2343 (97%). Both overall survival (relative risk, 0.76;
P = 0.04) and disease-free survival (relative risk, 0.70; P<0.001) were significantly increased
among patients who had amenorrhea (no menstruation for ≥6 months during 24 months of
follow-up) as compared with those who did not (Fig. 2C and 2D); hazard ratios and P values
were adjusted according to treatment, ER status, age, lymph-node status, tumor size, and use
or nonuse of hormone therapy. Results were consistent across all subgroups analyzed, with no
interaction for treatment, age, or ER status (Fig. 3E and 3F).

DISCUSSION
This trial showed that the sequential administration of ACT in the adjuvant treatment of
operable node-positive breast cancer provided a significant 17% reduction in mortality over
doxorubicin–docetaxel (P = 0.03) and a nonsignificant 14% reduction in mortality over
concurrent ACT (P=0.09). The sequential-treatment schedule had a more pronounced
advantage for disease-free survival.

The findings of this trial suggest that a shorter course of treatment is not as effective as a longer
course. One explanation is that a higher total dose of docetaxel (400 mg per square meter vs.
240 or 300 mg per square meter) or a higher dose per cycle (100 mg per square meter vs. 60
or 75 mg per square meter) was delivered in the sequential-ACT regimen as compared with
the other groups (before and after the dosage amendment, respectively). A dose–response
relationship has been established between docetaxel and outcome in metastatic breast cancer
across a dose range of 60 to 100 mg per square meter per treatment cycle; this supports the
findings of this trial.15 However, this per-cycle dose–response effect would not explain the
results of the Breast Cancer International Research Group 005 trial (ClinicalTrials.gov number,
NCT00312208), which showed that six cycles of concurrent ACT (docetaxel dose per cycle,
75 mg per square meter; cumulative dose, 450 mg per square meter) was as effective as
sequential ACT (docetaxel dose per cycle, 100 mg per square meter; cumulative dose, 400 mg
per square meter).16 The results of the studies taken together suggest that the cumulative dose
of docetaxel may be more important than the dose intensity per cycle.

A second possible explanation for the inferiority of the doxorubicin–docetaxel and concurrent-
ACT regimens is the lower cumulative dose of doxorubicin at 200 mg per square meter, after
the amendment, as compared with 240 mg per square meter in the sequential-ACT group.
Initially, this trial was designed to compare equal cumulative doses and numbers of cycles of
doxorubicin among all three treatment groups; however, because of toxicity, the dose of
doxorubicin in the doxorubicin–docetaxel and concurrent-ACT groups was reduced. Although
randomized trials have established a threshold dose of doxorubicin, with no dose–response
effect noted above 60 mg per square meter, the Cancer and Leukemia Group B 8541 trial
reported that “low” doses (30 mg per square meter) of doxorubicin, as compared with high
doses (60 mg per square meter) and moderate doses (40 mg per square meter) were associated
with inferior survival.17,18 The cumulative dose for the low-dose doxorubicin regimen was
120 mg per square meter versus 240 mg per square meter for the high-dose and moderate-dose
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regimens. Despite these findings, we found no evidence that the dose change of doxorubicin
in this trial affected the outcome. Taken together, the results of these trials suggest that a longer
course (sequential ACT), a higher dose of docetaxel, or both are important for maximum
efficacy.

Ovarian ablation or suppression has been associated with an improved outcome in
premenopausal women,2,19 and the incidence and effect of amenorrhea have been reported in
studies of adjuvant treatment of breast cancer.20 A remaining question is whether ovarian
suppression is needed in addition to chemotherapy. In an overview analysis, a significant
reduction in both disease recurrence and death was seen with the addition of a luteinizing
hormone–releasing hormone (LHRH) agonist and tamoxifen to chemotherapy in
premenopausal women with ER-positive tumors.19 There was a significant reduction in disease
recurrence and death among women 40 years of age or younger with the addition of an LHRH
agonist to chemotherapy with or without tamoxifen. One study21 evaluated chemotherapy
followed by goserelin versus either agent alone and showed a nonsignificant improvement in
disease-free survival among premenopausal women with ER-positive tumors who received the
combination. Prolonged amenorrhea occurred in patients who received chemotherapy and
goserelin. Another study22 showed that the addition of tamoxifen to chemotherapy and
goserelin improved outcomes in premenopausal women with node-positive, ER-positive breast
cancer, whereas the addition of goserelin alone to chemotherapy did not. Our large prospective
study with menstrual history data provides support for the added benefit of ovarian suppression
induced by chemotherapy to improve outcome. However, one cannot rule out that the
association of improved outcome with increased frequency of ovarian suppression might be
correlative rather than cause and effect. Another possibility includes altered drug metabolism
in individual patients which could lead to differences in efficacy or rates of ovarian suppression.

One of the most intriguing findings of this trial was that the outcome improved regardless of
the treatment received or the ER content of the tumor in patients in whom protocol-defined
amenorrhea developed. Inaccuracy of the determination of ER status by local laboratories is
not an explanation. Tumor specimens from 66% of the premenopausal women in this study
were provided to the central pathology laboratory. Among these cases, agreement in ER status
between local and central testing was 94%. When the analysis was restricted to the use of data
from central testing, the findings among pre-menopausal women were confirmed (data not
shown). It has been hypothesized that the benefit of chemotherapy in premenopausal women
may be due in part to ovarian suppression. Other factors associated with improved overall
survival among patients with hormone-sensitive and hormone-insensitive tumors besides
estrogen deprivation have been postulated, including modulation of the immune system.

The findings from this trial have clinical implications for women with early-stage, node-
positive breast cancer (approximately 27% of women with breast cancer23), regardless of their
menopausal status. Taken in context with other recently reported trials, sequential-ACT
therapy, as compared with four cycles of concurrent chemotherapy, is a highly effective
treatment option for women with operable node-positive breast cancer.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Enrollment, Randomization, and Follow-up of Study Participants.
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Figure 2. Overall Survival and Disease-free Survival
Panels A and B show the Kaplan–Meier estimates of survival and disease-free survival in the
three treatment groups over the follow-up period. P values are by two-sided log-rank tests. At
the prespecified significance level of 0.05, a significant improvement in overall survival was
associated with doxorubicin and cyclophosphamide followed by docetaxel (sequential ACT)
as compared with doxorubicin–docetaxel (P = 0.03), and a marginal benefit was associated
with sequential ACT over concurrent administration of doxorubicin, docetaxel, and
cyclophosphamide (concurrent ACT) (P = 0.09) (Panel A). There was a statistically significant
decrease in disease recurrence, a second malignant condition, or death in the sequential-ACT
group as compared with the concurrent-ACT group (P = 0.01). In addition, the rate of disease-
free survival was significantly higher among patients in the sequential-ACT group than among
patients in the doxorubicin–docetaxel group (P = 0.001) (Panel B). Panels C and D show the
effect of amenorrhea on overall survival and disease-free survival, respectively, for the
combined treatment groups adjusted for treatment, estrogen-receptor status, age, lymph-node
status, tumor size, and use or nonuse of hormone therapy. Overall survival (hazard ratio for
death, 0.76; P = 0.04) and disease-free survival (hazard ratio for disease recurrence, a second
malignant condition, or death, 0.70; P<0.001) were improved among patients with amenorrhea
for 6 months or more.
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Figure 3. Hazard Ratios for Various Subgroups, According to Treatment
Panel A shows the reduced risk of death associated with doxorubicin and cyclophosphamide
followed by docetaxel (sequential ACT) as compared with concurrent administration of all
three agents (concurrent ACT). Panel B shows the reduced risk of disease recurrence, a second
malignant condition, or death associated with sequential ACT as compared with concurrent
ACT. Panel C shows the reduced risk of death associated with sequential ACT as compared
with doxorubicin–docetaxel. Panel D shows the reduced risk of disease recurrence, a second
malignant condition, or death associated with sequential ACT as compared with doxorubicin–
docetaxel. Panels E and F show data from the menstrual-history study. Panel E shows the risk
of death according to subgroups, adjusted for lymph-node status and tumor size. Panel F shows
the risk of disease recurrence, a second malignant condition, or death according to subgroups,
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adjusted for lymph-node status and tumor size. The size of the squares is proportional to the
size of the subgroups. CI denotes confidence interval, and ER estrogen receptor.
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Table 1

Demographic and Baseline Disease Characteristics of the Patients.

Characteristic
Sequential-ACT Group (N =

1783)
Doxorubicin–Docetaxel Group

(N = 1784)
Concurrent-ACT Group (N =

1784)

Age at study entry

 Median (yr) 51 50 51

 <50 yr (%) 46 46 44

Menopausal status (%)

 Premenopausal or perimenopausal 45 47 45

 Postmenopausal 54 51 54

 Unknown 1 1 1

No. of positive nodes (%)

 1–3 64 65 65

 4–9 25 24 25

 ≥10 8 8 8

 Unknown 3 3 2

Estrogen-receptor status (%)*

 Positive 75 75 75

 Negative 25 25 25

Tumor size (%)

 ≤2 cm 42 42 43

 >2–4 cm 40 41 40

 >4 cm 15 14 15

 Unknown 3 3 2

Type of surgery (%)†

 Lumpectomy 49 49 49

 Mastectomy 51 51 51

Type of radiotherapy (%)

 None after mastectomy 23 21 22

 Local after mastectomy 28 30 29

 Local after lumpectomy 24 23 24

 Local or regional after lumpectomy 24 25 24

 None after lumpectomy 1 1 1

*
Assessment of estrogen-receptor (ER) and progesterone-receptor status was required before randomization. ER-positive tumors were defined by a

finding of ≥10 fmol of cytosol protein per milligram by the dextrancoated charcoal or sucrose-density gradient method or as positive by the enzyme
immunoassay method or by immunocytochemical assay. Patients without definitive negative results (e.g., those with results deemed to be marginal
or borderline) were considered to have positive results.

†
Patients were required to have undergone primary breast-cancer surgery to be eligible for study entry.
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Table 2

Events in the Intention-to-Treat Population.

Variable
Sequential-ACT

Group (N = 1753)

Doxorubicin–
Docetaxel Group (N =

1753)
Concurrent-ACT
Group (N = 1758) P Value*

no. of patients (%)

No events 1365 (78) 1285 (73) 1301 (74) –—

Any event 388 (22) 468 (27) 457 (26) 0.01 for sequential
ACT vs. concurrent

ACT; 0.001 for
sequential ACT vs.

doxorubicin–
docetaxel; 0.58 for
concurrent ACT vs.

doxorubicin– docetaxel

Recurrence

 Local 50 (3) 55 (3) 44 (3) 0.53

 Regional 16 (1) 22 (1) 35 (2) 0.02

 Distant 218 (12) 280 (16) 257 (15) 0.01

 Contralateral breast cancer 31 (2) 38 (2) 42 (2) 0.42

 Second primary tumor, non-breast 55 (3) 50 (3) 49 (3) 0.84

Death, no evidence of disease 18 (1) 23 (1) 30 (2) 0.20

*
Except for the “any event” category, P values are for the comparison among the three groups in cumulative incidence rates over the entire follow-

up period.
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Table 3

Grade 3 or 4 Adverse Events, According to Treatment Group.

Event
Sequential-ACT Group (N =

1749)
Doxorubicin–Docetaxel Group

(N = 1750)
Concurrent-ACT Group (N =

1749) P Value

percent of patients

Febrile neutropenia 22 13 16 <0.001

Infection with neutropenia 8 6 6 0.004

Allergic reaction 3 3 2 0.76

Arthralgia 7 1 2 <0.001

Fatigue 12 8 10 <0.001

Nausea 9 7 9 0.08

Vomiting 8 5 7 0.003

Stomatitis or pharyngitis 5 1 2 <0.001

Diarrhea 4 4 6 0.001

Thrombosis or embolism 3 2 2 0.35

Left ventricular dysfunction 1 1 <1 0.89
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