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ABSTRACT

BACKGROUND

We compared docetaxel plus doxorubicin and cyclophosphamide (TAC) with fluoro-
uracil plus doxorubicin and cyclophosphamide (FAC) as adjuvant chemotherapy for
operable node-positive breast cancer.

METHODS

We randomly assigned 1491 women with axillary node-positive breast cancer to six cy-
cles of treatment with either TAC or FAC as adjuvant chemotherapy after surgery. The
primary end point was disease-free survival.

RESULTS

Ata median follow-up of 55 months, the estimated rates of disease-free survival at five
years were 75 percent among the 745 patients randomly assigned to receive TAC and 68
percent among the 746 randomly assigned to receive FAC, representing a 28 percent
reduction in the risk of relapse (P=0.001) in the TAC group. The estimated rates of
overall survival at five years were 87 percent and 81 percent, respectively. Treatment
with TAC resulted in a 30 percent reduction in the risk of death (P=0.008). The inci-
dence of grade 3 or 4 neutropenia was 65.5 percent in the TAC group and 49.3 percent
in the FAC group (P<0.001); rates of febrile neutropenia were 24.7 percent and 2.5 per-
cent, respectively (P<0.001). Grade 3 or 4 infections occurred in 3.9 percent of the pa-
tients who received TAC and 2.2 percent of those who received FAC (P=0.05); no
deaths occurred as a result of infection. Two patients in each group died during treat-
ment. Congestive heart failure and acute myeloid leukemia occurred in less than 2 per-
cent of the patients in each group. Quality-of-life scores decreased during chemother-
apy but returned to baseline levels after treatment.

CONCLUSIONS
Adjuvant chemotherapy with TAC, as compared with FAC, significantly improves the
rates of disease-free and overall survival among women with operable node-positive
breast cancer.
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DJUVANT CHEMOTHERAPY FOR BREAST

cancer has undergone a major change over

the past two decades. Chemotherapy with
a regimen that includes an anthracycline or a com-
bination of cyclophosphamide, methotrexate, and
fluorouracil significantly decreases the risks of dis-
ease recurrence and death among women with early-
stage breast cancer.® The overview analysis of the
Early Breast Cancer Trialists’ Collaborative Group
demonstrated that, as compared with standard
treatment with cyclophosphamide, methotrexate,
and fluorouracil, regimens that contained doxoru-
bicin or epirubicin reduced the annual risk of recur-
rence of breast cancer by 12 percent and the annual
risk of death by 11 percent. Rates of disease-free and
overall survival were similar among women treated
with either six cycles (spanning 24 weeks) of cyclo-
phosphamide, methotrexate, and fluorouracil or
four cycles (12 weeks) of doxorubicin plus cyclo-
phosphamide.>

Six cycles of fluorouracil, doxorubicin, and cyclo-
phosphamide (FAC), given in various doses and ac-
cording to various schedules, or fluorouracil, epiru-
bicin, and cyclophosphamide appear superior to
six cycles of cyclophosphamide, methotrexate, and
fluorouracil in early-stage breast cancer,™»3* and six
cycles of adjuvant fluorouracil, epirubicin, and cy-
clophosphamide are better than three cycles in
terms of disease-free and overall survival.”> There-
fore, at the time this trial was initiated, six cycles of
FAC; cyclophosphamide, doxorubicin, and fluoro-
uracil; or fluorouracil, epirubicin, and cyclophos-
phamide every three weeks were generally accepted
as appropriate adjuvant regimens for the treatment
of early breast cancer.® Although various regimens
with fluorouracil, doxorubicin, and cyclophospha-
mide that differed in schedule and dose were devel-
oped,”° no randomized, prospective, comparative
trial has demonstrated the superiority of any one
regimen.

Docetaxel, an active agent in the treatment of
breast cancer,? is not cross-resistant with anthra-
cyclines,*»*3 appears to be more active than doxo-
rubicin,** and does not interfere with the pharmaco-
kinetics of doxorubicin,*>% indicating that, unlike
paclitaxel,>”"*° it may not exacerbate doxorubicin-
related cardiotoxicity.??* Three large randomized
trials involving treatments for metastatic breast can-
cer found that regimens of docetaxel plus doxorubi-
cin and of docetaxel, doxorubicin, and cyclophos-
phamide (TAC) have antitumor activity superior to
that of doxorubicin plus cyclophosphamide and that

of FAC, although survival was not significantly dif-
ferent between the treatment groups in two of the
three studies.?*"?3

In 1997, the Breast Cancer International Re-
search Group began a phase 3 trial to compare the
docetaxel-containing regimen TAC with a regimen
of FAC as adjuvant treatment for women with oper-
able node-positive breast cancer. Ata planned inter-
im analysis at 33 months (August 2001), we report-
ed a statistically significant improvement in the rate
of disease-free survival among patients treated with
TAC as compared with those treated with FAC (haz-
ard ratio, 0.68; P=0.0011).2* Because the results of
this analysis did not meet the predefined P value of
less than 0.001 to ascertain a statistically significant
difference between TAC and FAC,?* the independent
data monitoring committee recommended that the
protocol be amended to include a second interim
analysis, to be conducted at the point at which there
had been 400 events, in addition to the protocol-
specified final analysis after 590 disease-free surviv-
al events. The comparison was to be performed at
the level of P=0.001 for the primary end point of
disease-free survival. We report the results of the
second interim analysis, which was performed af-
ter a median follow-up period of 55 months (after
399 disease-free survival events).

METHODS

STUDY POPULATION

Women eligible for the study were between 18 and
70years of age, had a score on the Karnofsky perfor-
mance scale of 80 percent or more, and had under-
gone primary surgery (i.e., mastectomy, tumorecto-
my, or lumpectomy) with axillary-node dissection
(sentinel-node biopsy was not routine practice) for
unilateral, operable carcinoma of the breast. Pa-
tients were randomly assigned to a study group
within 60 days after surgery. All patients had atleast
one axillary lymph node that was positive for can-
cer on histologic examination. The margins of re-
sected specimens had to be histologically free of
invasive adenocarcinoma and ductal carcinoma in
situ. A complete staging workup within three
months before registration — including bilateral
mammography; chest radiography; abdominal ul-
trasonography, computed tomography, or both;
and bone scanning— and an assessment of the left
ventricular ejection fraction with the use of multi-
ple gated acquisition scanning or echocardiogra-
phy were mandatory.
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Criteria for exclusion included advanced disease
(i.e., T4, N2 or N3, or M1), a history of other can-
cers, motor or sensory neuropathy of grade 2 or
more according to the National Cancer Institute
Common Toxicity Criteria, pregnancy, lactation,
and any serious illness or medical condition other
than breast cancer. Prior therapy with anthracyclines
or taxanes was not allowed.

The study was approved by the ethics commit-
tees or institutional review boards of all participat-
ing institutions. All patients provided written in-
formed consent. The trial was conducted according
to Good Clinical Practice and International Confer-
ence on Harmonization rules, including verification
of source data.

STUDY DESIGN

In this phase 3, multicenter, prospective trial, ran-
domization was stratified according to institution
and number of involved axillary lymph nodes per pa-
tient (one to three vs. four or more). On day 1 of
each of six 21-day cycles, eligible patients received
either TAC (50 mg of doxorubicin per square meter
of body-surface area in an intravenous infusion for
15 minutes, followed by 500 mg of cyclophospha-
mide per square meter administered intravenously
for 1 to 5 minutes and then, after a 1-hour interval,
75 mg of docetaxel per square meter in an intrave-
nous infusion for 1 hour) or FAC (50 mg of doxoru-
bicin per square meter followed by 500 mg of fluo-
rouracil per square meter, each as an intravenous
infusion for 15 minutes, and then 500 mg of cyclo-
phosphamide per square meter in an intravenous
infusion for 1 to 5 minutes).

The primary end point was disease-free surviv-
al, defined as the time from randomization to the
date of a clinical relapse (with histopathologic con-
firmation or radiologic evidence of tumor recur-
rence), a second cancer (with the exception of skin
cancer other than melanoma, ductal or lobular car-
cinoma in situ of the breast, or in situ carcinoma of
the cervix), or death, whichever occurred first. Sec-
ondary end points included overall survival (i.e., the
time from randomization until death from any
cause), toxic effects, and quality of life.

STUDY PROCEDURES

Concomitant Therapy and Dose Modifications
Patients randomly assigned to receive TAC received
dexamethasone premedication (8 mg orally every
12 hours six times beginning the day before treat-
ment started) to prevent docetaxel-related hyper-

sensitivity and fluid retention. All patients were to
receive a prophylactic antibiotic (500 mg of cipro-
floxacin twice daily on days 5 to 14 of each cycle).
Patients in the FAC group received prophylactic an-
tibiotics only after an episode of febrile neutrope-
nia or infection. Primary prophylaxis with granu-
locyte colony-stimulating factor (G-CSF) was not
permitted. However, among patients who had one
episode of febrile neutropenia or infection in sub-
sequent cycles, administration of G-CSF was man-
datory (150 pg of lenograstim per square meter per
day or 5 pg of filgrastim per kilogram of body weight
per day on days 4 to 11).

On completion of chemotherapy, tamoxifen
(20 mg daily for five years) was administered to
patients with estrogen-receptor—positive tumors,
progesterone-receptor—positive tumors, or both.
Radiotherapy was mandatory after breast-con-
serving surgery and was administered after mas-
tectomy according to each institution’s guidelines.

Dose modifications were planned according to
standard toxicity criteria. Discontinuation of treat-
ment was required for patients in whom there were
nonhematologic grade 4 toxic effects according to
the National Cancer Institute Common Toxicity Cri-
teria, grade 3 toxic effects despite a dose reduction,
or clinically significant cardiac events.

Evaluations
Blood counts and general biochemical and clinical
assessments, including those for toxic effects, were
performed on day 21 of each cycle and then every
six months for the first five years of follow-up, after
which they were performed annually. Toxicity was
graded according to the National Cancer Institute
Common Toxicity Criteria version 1.0. Chest radi-
ography was repeated every 12 months for the
first 5 years of follow-up. Mammography was re-
peated annually during follow-up.
Estrogen-receptor and progesterone-receptor
status in the tumor was evaluated by immunohisto-
chemical analysis.?® HER2[neu gene amplification
was evaluated by fluorescence in situ hybridiza-
tion, with a positive result defined as a ratio of
HER2|neu to chromosome 17 of greater than
2.0.2773° Assessments of hormone receptors and
HER2|neu status were performed at the Cross Can-
cer Institute in Edmonton, Alberta, Canada.

Quality of Life
Quality of life was assessed with the use of the Eu-
ropean Organisation for Research and Treatment
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of Cancer Quality of Life Questionnaire (QLQ-C30,
version 2.0) and the breast-cancer—specific QLQ-
BR23 (version 1.0). The QLQ-C30 includes nine
multiple-item scales pertaining to symptoms, five
to function, and one to overall health — the global
health status and quality-of-life scale. The QLQ-
BR23 includes 23 questions regarding disease
symptoms, treatment-related side effects, body
image, sexuality, and future perspective. Patients
were asked to complete both questionnaires on sev-
en occasions: at baseline; before cycles 3 and 5; 3 to
4 weeks after the last cycle; and 6, 12, and 24
months after the last cycle.

Statistical Analysis

The trial was designed to have an overall power of
97 percent to detect a 27 percent reduction in the
risk of relapse among patients treated with TAC as
compared with those treated with FAC, regardless
ofnodal status. In addition, the study had 90 percent
power to detect a 33 percent reduction in the risk of
death. At the final analysis (i.e., at the point at which
there were 590 patients), the sample size of 1491
patients would allow the detection, with 90 percent
power, of a 27 percent reduction in the risk of re-
lapse in favor of treatment with TAC among patients
who had one to three positive lymph nodes. For the
subgroup of patients with four or more positive
nodes, the sample size would provide 80 percent
power to detect a 29 percent reduction in the risk of
relapse in favor of treatment with TAC.

The primary analysis was conducted according
to the intention-to-treat principle, and a stratified
log-rank test was used to compare TAC with FAC
with respect to both disease-free and overall survival.
The number of positive nodes (one to three or four
or more) was the only stratification variable in the
analysis. Analyses of subgroups according to hor-
mone-receptor status and HER2[neu status were
prospectively defined but were not powered. Un-
adjusted analyses and analyses according to the
Cox proportional-hazards model (adjusted for age,
tumor size, nodal status, hormone-receptor status,
and HER2[neu status) were performed to estimate
disease-free and overall survival. The Kaplan—Meier
method was used to calculate probability estimates
of disease-free and overall survival. Hypothesis test-
ing was two-sided. Hazard ratios and 95 percent
confidence intervals were obtained from the Cox
proportional-hazards model. The primary quality-
of-life analysis was performed with the use of the
scores from the global health status and quality-

of-life scale. A repeated-measures mixed-effect
analysis of variance was performed to analyze the
evolution of the scores on the global health status
subscale over time.

The protocol was designed by the study chairs
of the Breast Cancer International Research Group
in collaboration with Aventis personnel. The data
were collected and maintained by the Breast Cancer
International Research Group. All analyses were
conducted according to the protocol. The efficacy
analyses were performed by the independent data
monitoring committee; other analyses were con-
ducted by Aventis personnel. Submission of the re-
sults for publication was mandated by the indepen-
dent data monitoring committee. The manuscript
was drafted by Dr. Martin and modified after review
by the cochairs and other coauthors. A reviewer at
Aventis evaluated the manuscript but did not par-
ticipate in writing it. The final content of the manu-
script was determined entirely by the investigators.

RESULTS

PATIENTS

Between June 1997 and June 1999, 1491 women
from 20 countries were enrolled in the study. Eleven
women (1 who had been randomly assigned to re-
ceive TAC and 10 assigned to receive FAC) did not
receive any treatment, for the following reasons:
8 withdrew consent, 1 was lost to follow-up, and
2 did not receive treatment for other reasons. In to-
tal, 1480 patients (744 in the TAC group and 736
in the FAC group) were treated and were included
in the safety analysis. Efficacy analyses were based
on the intention-to-treat principle (1491 patients)
and on populations of patients who were eligible
according to the protocol (1421 patients). Seventy
patients (4.7 percent of all those enrolled) — 36 in
the TAC group and 34 in the FAC group — were in-
eligible. The most common reason for ineligibility
in both groups was indeterminate hormone-recep-
tor status at randomization (21 women in the TAC
group and 19 in the FAC group). The groups were
well balanced in terms of demographic and tumor
characteristics (Table 1).

TREATMENT

Six treatment cycles were completed by 91.3 percent
of the patients in the TAC group and by 96.6 per-
cent of those in the FAC group. Overall, the median
relative dose intensities were 99 percent in the TAC
group and 98 percent in the FAC group. Treatment
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Table 1. Characteristics of the Patients and the Tumors at Baseline.*

Characteristic
Age —yr
Median
Range
Menopausal status — no. of women (%)
Premenopausalf
Postmenopausali:
Primary tumor size — no. of women (%)
Tl,<2cm
T2,2-5cm
T3,>5cm
Nodal status — no. of women (%)
N1, N2, or N3
N4 or higher

no. of women (%)§
HER2/neu status — no. of women (%)9
Positive
Unknown
Breast-conserving surgery — no. of women (%) ||
With radiotherapy
Without radiotherapy
Mastectomy — no. of women (%) |
With radiotherapy
Without radiotherapy

Positive estrogen-receptor or progesterone-receptor status —

TAC Group FAC Group
(N=745) (N=746)
49 49
26-70 23-70
421 (56.5) 409 (54.8)
324 (43.5) 337 (45.2)
296 (39.7) 320 (42.9)
392 (52.6) 383 (51.3)
57 (7.7) 43 (5.8)
467 (62.7) 459 (61.5)
278 (37.3) 287 (38.5)
567 (76.1) 565 (75.7)
155 (20.8) 164 (22.0)
115 (15.4) 114 (15.3)
300 (40.3) 303 (41.2)
285 (38.3) 293 (39.8)
15 (2.0) 10 (1.4)
444 (59.7) 433 (58.8)
227 (30.5) 236 (32.1)
217 (29.2) 197 (26.8)

* TAC denotes docetaxel plus doxorubicin and cyclophosphamide, and FAC fluorouracil plus doxorubicin and cyclophos-

phamide.

7 Premenopausal women were those in whom the last menses had occurred within the previous six months and who had
not previously had bilateral ovariectomy or estrogen-replacement therapy (including women of unknown status less than

50 years of age).

I Postmenopausal women were those who had had a prior bilateral ovariectomy or in whom more than 12 months had
passed since the last menses, with no prior hysterectomy (including women of unknown status 50 years of age or older).

§ For the central review, estrogen-receptor status was assessed with clone 6F11; progesterone-receptor status was as-
sessed with clone 636 with the use of tumor blocks or unstained slides.

9§ HER2/neu status was determined by fluorescence in situ hybridization for 1250 patients. Immunohistochemistry with
clone CB11 was used for 12 patients. The status of the remaining patients was not assessed owing to a lack of tumor

specimens.

| Women who had surgery were among the treated patients (744 in the TAC group and 736 in the FAC group).

was modified (by a delay, a dose reduction, or both)
for 250 patients in the TAC group (33.6 percent) and
293 in the FAC group (39.8 percent). The most fre-
quent reason for delaying a cycle of treatment was
the occurrence of hematologic toxic effects.
Adjuvant radiotherapy®* was administered to
68.8 percent of the patients in the TAC group and
71.9 percent of those in the FAC group. Among
women with hormone-receptor—positive tumors,
the rates of compliance with tamoxifen treatment,

as planned according to the protocol, were 94.9 per-
cent in the TAC group and 93.7 percent in the FAC

group.

EFFICACY

The efficacy analysis was performed after it had been
documented that 399 events had been recorded
(172 in the TAC group and 227 in the FAC group) as
of July 15, 2003, representing a median follow-up
period of 55 months (Table 2). Ninety-seven per-
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cent of the patients in the study completed at least
45 months of follow-up.

The estimated rates of disease-free survival at
five years were 75 percent in the TAC group and 68
percent in the FAC group (P=0.001). This differ-
ence was due mainly to the greater number of pa-
tients in the FAC group who had relapses of breast
cancer at distant sites (Table 2). Similar results were
observed in the eligible population as well as in the
unadjusted and multivariate analyses (Fig. 1A). Af-
ter adjustment for nodal status, treatment with TAC,
as compared with FAC, was associated with a 28 per-
cent reduction in the risk of relapse (hazard ratio,
0.72; 95 percent confidence interval, 0.59 to 0.88)
(Fig. 1A).

The superiority of TAC over FAC was also ob-
served in all planned subgroup analyses, which in-
cluded the number of involved axillary lymph nodes,
hormone-receptor status, and HER2/neu status, and
was independent of menopausal status (a factor in
the sensitivity analysis) (Fig. 2). In the subgroup of
patients with one to three positive nodes, treatment
with TAC reduced the risk of relapse by 39 percent
(hazard ratio, 0.61; 95 percent confidence interval,
0.46 to 0.82; P<0.001). Among women with four
or more positive nodes, treatment with TAC re-
duced the risk of relapse by 17 percent (hazard ra-
tio, 0.83; 95 percent confidence interval, 0.63 to
1.08; P=0.17). Analysis with the Cox model did
not detect any difference in the treatment effect be-
tween the two nodal-status strata (ratio of hazard
ratios, 1.34; P=0.15), suggesting that TAC was su-
perior to FAC, regardless of the number of lymph
nodes involved.

Of'the 221 deaths, 91 were in the TAC group and
130in the FAC group; TAC was associated with a 30
percent lower risk of death than was FAC (hazard
ratio, 0.70; 95 percent confidence interval, 0.53 to
0.91; P=0.008) (Fig. 1B). The estimated overall sur-
vival rates at five years were 87 percent in the TAC
group and 81 percent in the FAC group.

TOXIC EFFECTS

Overall, the incidence of grade 3 or 4 or severe non-
hematologic adverse events, regardless of type, was
36.3 percent in the TAC group and 26.6 percent in
the FAC group (P<0.001). The incidence of grade 3
or 4 neutropenia was 65.5 percent in the TAC group
and 49.3 percent in the FAC group (P<0.001); fe-
brile neutropenia was observed in 24.7 percent of
the patients in the TAC group and 2.5 percent of
those in the FAC group (P<0.001) (Table 3). Grade
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Table 2. Analysis of Events According to the Intention-to-Treat Principle.*
TAC Group FAC Group

Event (N=745) (N=746)

no. of patients (%)

None 573 (76.9) 519 (69.6)

Any event 172 (23.1) 227 (30.4)

Relapse of breast cancer 144 (19.3) 197 (26.4)
Local only, regional only, or both 29 (3.9) 9(5.2)
Distant (with or without local 115 (15.4) 158 (21.2)

or regional)

Second primary cancer 20 (2.7) 26 (3.5)
Contralateral breast cancer 7(0.9) 8 (1.1)
Other cancers 13 (1.7) 18 (2.4)

Death (without evidence of cancer) 8 (1.1) 4 (0.5)
Due to toxic effects, with sepsis 0 0
Due to toxic effects, without 2(0.3) 1(0.1)

sepsis
Other causes 6 (0.8) 3 (0.4)

* Events are those included in the analysis of disease-free survival. TAC denotes
docetaxel plus doxorubicin and cyclophosphamide, and FAC fluorouracil plus

doxorubicin and cyclophosphamide.

3 or 4 infections occurred in 3.9 percent of patients
treated with TAC and 2.2 percent of those treated
with FAC (P=0.05); no deaths occurred as a result
of'infection (Table 4). The overall incidence of con-
gestive heart failure (including that during follow-
up) was 1.6 percent among patients treated with
TAC and 0.7 percent for those treated with FAC
(P=0.09). As of the cutoff date for this analysis, the
only secondary hematologic cancer was acute mye-
loid leukemia, which developed in two patients in
the TAC group and one patient in the FAC group.

QUALITY OF LIFE

All baseline quality-of-life values were similar be-
tween the two treatment groups, with a mean score
of 72 (on a scale of 0 to 100, with higher scores rep-
resenting a better quality of life) in both groups on
the global health status subscale of the Quality of
Life Questionnaire. The mean scores at the end of
treatment were 62 in the TAC group (95 percent
confidence interval, 61 to 64) and 69 in the FAC
group (95 percent confidence interval, 67 to 70). At
the first follow-up visit, the quality-of-life scores ei-
ther returned to or were higher than those at base-
line in both groups, with scores of 76 in the TAC
group (95 percent confidence interval, 74 to 77)
and 75 in the FAC group (95 percent confidence in-
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Cumulative Probability
of Disease-free Survival

No. at Risk
TAC
FAC

1.0+
0.9
0.8
0.7+
0.6
0.5
0.4
0.3
0.2
0.14 P=0.001
0.0 1

TAC

FAC

745 710
746 699

T
18

T T T T T T T 1
24 30 36 42 48 54 60 66

Months

659 617 478 95
616 553 423 97

Cumulative Probability
of Overall Survival

No. at Risk
TAC
FAC

1.0+
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.14 P=0.008
0.0 1

TAC

FAC

745 732
746 730

T
18

T T T T T T T 1
24 30 36 42 48 54 60 66

Months

704 677 576 138
701 653 548 140

2308

terval, 73 to 77). Follow-up quality-of-life measure-
ments were similar between the two groups and
similar to baseline values: at six months, the scores
were 77 in the TAC group (95 percent confidence
interval, 75 to 78) and 75 in the FAC group (95 per-
cent confidence interval, 73 to 77); at the end of two
years, they were 78 in the TAC group (95 percent
confidence interval, 76 to 79) and 76 in the FAC
group (95 percent confidence interval, 74 to 78).

DISCUSSION

This randomized, phase 3 trial of adjuvant chemo-
therapy in women with operable node-positive
breast cancer showed that, at a median follow-up
of 55 months, the estimated rate of disease-free sur-
vival at 5 years was 75 percent in the TAC group and

N ENGL J MED 352;22

WWW.NEJM.ORG

Figure 1. Analysis of Survival Rates in the Two Study
Groups.

Panel A shows the rates of disease-free survival. For the
1491 randomly assigned patients included in the inten-
tion-to-treat analysis, the hazard ratio, adjusted for nodal
status, was 0.72 (95 percent confidence interval, 0.59 to
0.88; P=0.001); unadjusted for nodal status, 0.71 (95
percent confidence interval, 0.59 to 0.87; P<0.001); and
with the Cox proportional-hazards model — adjusted for
number of positive nodes, age, tumor size, histologic
grade, and hormone-receptor and HER2/neu status —
0.70 (95 percent confidence interval, 0.58 to 0.86;
P<0.001). For the 1421 patients eligible for treatment,
the hazard ratio, adjusted for nodal status, was 0.72

(95 percent confidence interval, 0.59 to 0.89; P=0.002).
Events occurred in 172 patients (23 percent) in the TAC
group and 227 (30 percent) in the FAC group. Data were
censored for 573 patients (77 percent) in the TAC group
and 519 (70 percent) in the FAC group. Panel B shows
the rates of overall survival. For the 1491 randomized pa-
tients included in the intention-to-treat analysis, the haz-
ard ratio, adjusted for nodal status, was 0.70 (95 percent
confidence interval, 0.53 to 0.91; P=0.008); unadjusted
for nodal status, 0.69 (95 percent confidence interval,
0.52 to 0.90; P=0.005); and with the Cox proportional-
hazards model, adjusted for the same variables as those
listed for Panel A, 0.68 (95 percent confidence interval,
0.52 to 0.89; P=0.004). For the 1421 patients eligible for
treatment, the hazard ratio, adjusted for nodal status, was
0.70 (95 percent confidence interval, 0.53 to 0.93; P=0.01).
Events occurred in 91 patients (12 percent) in the TAC
group and 130 (17 percent) in the FAC group. Data were
censored for 654 patients (88 percent) in the TAC group
and 616 (83 percent) in the FAC group. P values and con-
fidence intervals are nominal. TAC denotes docetaxel
plus doxorubicin and cyclophosphamide, and FAC fluo-
rouracil plus doxorubicin and cyclophosphamide.

68 percentin the FAC group (P=0.001). The relative
risk of death was 30 percent lower among women
in the TAC group than among those in the FAC
group.

Moreover, treatment with TAC, as compared
with FAC, was associated with a 28 percent relative
reduction in the risk of relapse. The reduction in
the risk of relapse did not seem to be driven by nod-
al status or by hormone-receptor or HER2/neu sta-
tus. A final analysis of this trial at 590 events will
be required to confirm and extend the findings of
the main and subgroup analyses. Although amen-
orrhea occurred more frequently among women
in the TAC group (61.7 percent) than among those
in the FAC group (52.4 percent) (P=0.007), the su-
perior efficacy of TAC over FAC in terms of disease-
free survival was independent of menopausal sta-
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No. of Patients

Hazard Ratio

(95% Cl)

Overall

ITT, adjusted 0.72 (0.59-0.88) 1491

ITT, unadjusted 0.71 (0.58-0.87) 1491
No. of positive nodes

1-3 0.61 (0.46-0.82) 926

=4 0.83 (0.63-1.08) 565
Hormone-receptor status

Negative 0.69 (0.49-0.97) 359

Positive 0.72 (0.56-0.92) 1132
HER2/neu status

Negative 0.76 (0.59-1.00) 943

Positive 0.60 (0.41-0.88) 319

Unknown 0.72 (0.45-1.17) 229
Menopausal status

Premenopausal 0.66 (0.50-0.86) 830

Postmenopausal 0.79 (0.59-1.07) 661

T
0.

postmenopausal patients included those whose menopausal
TAC denotes docetaxel plus doxorubicin and cyclophospham
mide, ITT intention to treat, and Cl confidence interval.

Figure 2. Risk Reduction for Disease-free Survival in the Main Subgroups.
Premenopausal patients included those whose menopausal status was unknown but who were less than 50 years of age;

Interaction Tests
Risk Reduction
Ratio of
Hazard
In Favor of TAC In Favor of FAC Ratios P Value
——
i 134 0.15
——
——
1.08 0.72
: 0.85 0.41
—+—
——
—
122 0.34
»—0—54
T T T T T T T T T 1
0020406081.01214161.820
Hazard Ratio and 95% Cl
status was unknown but who were 50 years of age or older.
ide, FAC fluorouracil plus doxorubicin and cyclophospha-

tus. The observation that the benefits of treatment
with docetaxel are independent of hormone-recep-
tor status are consistent with the findings of the
National Surgical Adjuvant Breast and Bowel Proj-
ect trial B-27,32 in which patients with breast can-
cer who were treated with presurgical doxorubicin
plus cyclophosphamide followed by docetaxel had
higher rates of complete pathological response than
did those treated with doxorubicin plus cyclophos-
phamide alone, regardless of hormone-receptor
status.

The symmetrical design of this trial — in which
patients underwent six cycles of treatment with ei-
ther FAC or TAC, followed by tamoxifen therapy,
radiation therapy, or both, as indicated — demon-
strates a benefit with the replacement of fluoroura-
cil by docetaxel. Six cycles of three-drug, anthracy-
cline-based regimens are considered among the
most effective treatments for node-positive breast

cancer.® The FAC regimen generally used in North
America (two doses of fluorouracil per cycle) was
not directly compared with the FAC regimen we se-
lected, and there is no evidence that the omission
of a dose of fluorouracil would influence the pa-
tients’ outcomes. At the dose and schedule used in
this trial, FAC is an appropriate control chemother-
apeutic regimen. The TAC combination in this trial
was also administered at a feasible dose and sched-
ule. In both groups, the dosage of doxorubicin was
50 mg per square meter for six cycles (for a total of
300 mg per square meter).

The Cancer and Leukemia Group B trial 9344
did not demonstrate a benefit with an escalation of
the doxorubicin dosage (240, 300, or 360 mg per
square meter, delivered over four cycles).>® Anoth-
er study of adjuvant therapy3* showed that admin-
istering chemotherapy at shorter intervals (every two
weeks vs. every three weeks) significantly improved
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Table 3. Adverse Events in the Two Treatment Groups.*
Toxic Effect TAC Group (N=744) FAC Group (N=736) P Valuey
Grade 3 or4 Grade 3 or4 Grade 3
Overall or Severe Overall or Severe All or4
percent

Hematologic
Anemia

Any 91.5 4.3 71.7 1.6 <0.001 0.003

Need for blood transfusions 4.6 — 1.5 — <0.001 —
Neutropenia 71.4 65.5 82.0 49.3 <0.001 <0.001
Thrombocytopenia 39.4 2.0 27.7 1.2 <0.001 0.23
Febrile neutropeniaz

Protocol definition 24.7 — 2.5 — <0.001 —

NCI CTC definition 2.0 28.8 — 4.4 — <0.001 —
Neutropenic infection

Protocol definition§ 12.1 — 6.3 — <0.001 —

NCI CTC definition 2.0 20.4 — 10.8 — <0.001 —
Nonhematologic
Alopecia 97.8 — 97.1 — 0.39 —
Asthenia 80.8 11.2 71.2 5.6 <0.001 <0.001
Nausea 80.5 5.1 88.0 9.5 <0.001 0.001
Stomatitis 69.4 7.1 52.9 2.0 <0.001 <0.001
Amenorrhea¥ 61.7 — 52.4 — 0.007 —
Vomiting 44.5 4.3 59.2 7.3 <0.001 0.013
Infection 39.4 3.9 36.3 2.2 0.22 0.05
Diarrhea 35.2 3.8 27.9 1.8 0.002 0.02
Peripheral edema 33.7 0.5 12.6 0.1 <0.001 0.37]
Myalgia 26.7 0.8 9.9 0 <0.001 0.03|
Skin 26.5 0.8 17.7 0.4 <0.001 0.51]
Neurosensory effects** 255 0 10.2 0 <0.001 —
Anorexia 21.6 2.2 17.7 1.2 0.05 0.17
Arthralgia 19.4 0.5 9.0 0.3 <0.001 0.69|
Nail disorder 18.5 0.4 14.4 0.1 0.03 0.62|
Allergy 13.4 1.3 3.7 0.1 <0.001  0.007
Abdominal pain 10.9 0.7 5.3 0 <0.001 0.06|
Mild-to-severe congestive heart 1.6 0.1 0.7 0.1 0.09 1.0|

failure

TAC denotes docetaxel plus doxorubicin and cyclophosphamide, and FAC fluorouracil plus doxorubicin and cyclo-

phosphamide.

7 Pvalues were calculated with the use of the chi-square test unless otherwise specified.

I The study protocol defined febrile neutropenia as fever of grade 2 or more concomitant with grade 4 neutropenia re-
quiring intravenous antibiotics, hospitalization, or both. The National Cancer Institute Common Toxicity Criteria (NCI
CTC) definition 2.0 is fever of 38°C or more concomitant with grade 3 or 4 neutropenia.

§  The study protocol defined neutropenic infection as that of grade 2 or more concomitant with grade 3 or 4 neutrope-
nia. The NCI CTC definition 2.0 is infection of any grade concomitant with grade 3 or 4 neutropenia.

9 Amenorrhea was defined as the absence of menses for at least three months. Percentages were calculated among pre-
menopausal patients (420 in the TAC group and 403 in the FAC group) who could be evaluated for safety and were
treated with study drugs.

| Pvalues were calculated according to Fisher's exact test.

*#* Grade 2 neurosensory effects occurred in 3.6 percent of patients in the TAC group and 1.4 percent in the FAC group.
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clinical outcomes, raising the possibility that alter-
native schedules and durations of treatment may
further improve outcomes in this setting. A com-
parison of a dose-dense regimen (treatment admin-
istered every two weeks) and the TAC regimen used
in the current trial will be part of the National Sur-
gical Adjuvant Breast and Bowel Project trial B-38.

The toxic effects associated with the TAC regi-
men we used are consistent with those reported in
association with TAC in women with advanced
breast cancer®*?*? and were manageable with stan-
dard supportive measures. Grade 3 or 4 neutrope-
nia was common in both groups (65.5 percent in
the TAC group and 49.3 percent in the FAC group,
P<0.001). Although the incidence of febrile neu-
tropenia was higher among women treated with
TAC (despite the administration of prophylactic
ciprofloxacin) than among those treated with FAC
(24.7 percent and 2.5 percent), grade 3 or 4 infec-
tion was seen in only 3.9 percent of patients in the
TAC group, and no deaths due to sepsis occurred.
Considering that the rates of febrile neutropenia
did not reach the recommended threshold for rou-
tine prophylactic administration of G-CSE3* the
administration of primary prophylaxis with G-CSF
should be left to the discretion of the treating phy-
sician. However, on the basis of good practice, after
an episode of febrile neutropenia, prophylaxis with
G-CSF is recommended for all subsequent cycles.

Most patients completed all six treatment cycles
(91.3 percent in the TAC group and 96.6 percent in
the FAC group), and one third required a delay in or
adjustment of treatment (33.6 percent in the TAC
group and 39.8 percent in the FAC group). The in-
cidence of congestive heart failure was 1.6 percent
among patients treated with TAC, which is consis-
tent with the incidence associated with anthracy-
cline-based adjuvant chemotherapy.*3334

The tolerability of adjuvant chemotherapy and
the magnitude of deterioration in quality of life are
important considerations in a woman’s decision to
undergo treatment. It is reassuring to note that al-
though both chemotherapy regimens in our trial
were associated with transient, statistically signifi-
cantreductions in quality-of-life scores, these scores
returned to baseline levels at the first follow-up vis-
itafter treatment and were similar between the treat-
ment groups.

In conclusion, this interim analysis of the Breast
Cancer International Research Group trial 001 dem-
onstrates a therapeutic advantage of TAC over FAC,
butat the expense of increased toxic effects. Further-
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Table 4. Deaths Due to Causes Other Than Breast Cancer or a Second Cancer.*

Due to toxic effects

Due to other causes (unrelated to study drug)

Hypovolemic shock (hemorrhage during 0
catheter placement)

Deaths >30 days after last treatment cycle 8

Due to toxic effects

TAC Group
Deaths (N=745)
All 10
Deaths <30 days after last treatment cycle 2

Pulmonary embolism 17

Pulmonary embolism 1t

Sudden cardiac arrest 0

Adverse effects on cardiac function 17
Due to other causes (unrelated to study drug) 61
Due to additional chemotherapy 1

FAC Group
(N=746)

no. of patients

9
2

17

4

* TAC denotes docetaxel plus doxorubicin and cyclophosphamide, and FAC

fluorouracil plus doxorubicin and cyclophosphamide.
T Death occurred before a relapse or second cancer.
I Five deaths occurred before a relapse or second cancer.
§ Two deaths occurred before a relapse or second cancer.

more, chemotherapeutic treatment with TAC led to
only a transient reduction in quality-of-life scores,
which subsequently returned to pretreatment base-
line values.
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APPENDIX

Additional investigators participating in the Breast Cancer International Research Group trial 001 were as follows: — H. Guixa, E. Mick-
iewicz, and J. Martinez (Argentina), J. Schuller (Austria), L. Teixeira (Brazil), K. Gelmon, S. Sehdev, Y. Drolet, J. Dufresne, L. Yelle, L. Zib-
dawi, B. Lesperance, S. Verma, J. Cantin, D. Holland, M. Trudeau, J. Chang, S. Rubin, and S. Allan (Canada), J. Abrahamova and J. Finek
(Czech Republic), H. Abd-El-Azim and N. Gad-El-Mawla (Egypt), C. Oberhoff (Germany), V. Georgoulias (Greece), K. Szanto (Hungary), H.
Lurie, O. Merimsky, and M. Steiner (Israel), H. Karnicka (Poland), I. Goncalves and M. Chumbo (Portugal), I. Koza (Slovak Republic), P. Ruff
(South Africa), A. Pelegri, E. Alba, 1. Alvarez, E. Aranda, B. Munarriz, A. Anton, E Lobo, J.M. Lopez-Vega, M.D. Menendez, A. Murias, J.
Cassinello, andJ.L. Garcia-Puche (Spain), U. Nylen (Sweden), E. Whipp, andJ. Le Vay (United Kingdom), J. Erban, B. Graham, L. Harris, M.
O’Rourke, T. Beck, S. Limentani, N. Robert, J. Tongol, F. Schnell, A. Begas, R. Kerns, A. Rosenberg, L. Campos, J. Foster, T. Beeker, N. Ian-
notti, C. George, and B. Avery (United States), and A. Violaand C. Garbino (Uruguay); design of quality-of-life analyses— H.J. Au (Canada);
data-center team of the Breast Cancer International Research Group — V. Bée, D. Borrits, E. Dabbouz-Harrouche, S. de Ducla, S. Gazel, and
M.A. Lindsay; study managers —J.P. Aussel, N. Domege, and S. Dumont; statisticians — L. Hatteville and E. Brunel; clinical directors — M.
Alakl and A. Yver, who were key Aventis personnel; and independent data monitoring committee — A. Efremidis (Greece), M. Aapro (Swit-

zerland), J. Bryant, E. Mamounas, and E. Perez (United States).
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