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A B S T R A C T

Purpose
We evaluated the efficacy of cyclophosphamide, methotrexate, and fluorouracil (CMF)
versus cyclophosphamide, doxorubicin, and fluorouracil (CAF) in node-negative breast cancer
patients with and without tamoxifen (TAM), overall and by hormone receptor (HR) status.

Patients and Methods
Node-negative patients identified by tumor size (� 2 cm), negative HR, or high S-phase
fraction (n � 2,690) were randomly assigned to CMF, CAF, CMF � TAM (CMFT), or CAF �
TAM (CAFT). Cox regression evaluated overall survival (OS) and disease-free survival (DFS)
for CAF versus CMF and TAM versus no TAM separately. Two-sided CIs and one-sided
P values for planned comparisons were calculated.

Results
Ten-year estimates indicated that CAF was not significantly better than CMF (P � .13) for the
primary outcome of DFS (77% v 75%; HR � 1.09; 95% CI, 0.94 to 1.27). CAF had slightly
better OS than CMF (85% v 82%, HR � 1.19 for CMF v CAF; 95% CI, 0.99 to 1.43); values
were statistically significant in the planned one-sided test (P � .03). Toxicity was greater with
CAF and did not increase with TAM. Overall, TAM had no benefit (DFS, P � .16; OS, P � .37),
but the TAM effect differed by HR groups. For HR-positive patients, TAM was beneficial
(DFS, HR � 1.32 for no TAM v TAM; 95% CI, 1.09 to 1.61; P � .003; OS, HR � 1.26; 95%
CI, 0.99 to 1.61; P � .03), but not for HR-negative patients (DFS, HR � 0.81 for no TAM v
TAM; 95% CI, 0.64 to 1.03; OS, HR � 0.79; 95% CI, 0.60 to 1.05).

Conclusion
CAF did not improve DFS compared with CMF; there was a slight effect on OS. Given
greater toxicity, we cannot conclude CAF to be superior to CMF. TAM is effective in
HR-positive disease, but not in HR-negative disease.

J Clin Oncol 23:8313-8321. © 2005 by American Society of Clinical Oncology

INTRODUCTION

By the 1980s, systemic adjuvant therapy was
proven to improve disease-free survival
(DFS) and overall survival (OS) for patients
with lymph node–positive breast cancer.
Premenopausal patients were believed to
benefit more from chemotherapy, whereas

postmenopausal hormone receptor (HR)
–positive patients were believed to derive
greater benefit from adjuvant tamoxifen
(TAM) therapy. Cytotoxic chemotherapy
and TAM in HR-positive patients, evaluated
in randomized, controlled trials, demon-
strated improved efficacy compared with ei-
ther modality alone.1-5 Some studies, as well
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as the Early Breast Cancer Trialists’ Collaborative Group’s
overview analysis, suggested a possible small benefit of
TAM for HR-negative patients.2,6-9 Trials involving lymph
node–negative breast cancer patients, begun in the 1980s,
limited adjuvant treatment to patients at high risk for re-
lapse (defined by HR status and tumor size) and demon-
strated the efficacy of adjuvant chemotherapy (both HR
groups) and TAM (HR-positive patients).10,11

In that setting, this study prospectively evaluates the
value of adding TAM to chemotherapy in both HR groups.
It attempts to determine whether anthracycline-based reg-
imens are superior to the most commonly used regimen at
the time (cyclophosphamide, methotrexate, fluorouracil
[CMF]). A third objective of this trial is to validate an earlier
trial, INT-0011, which evaluated high-risk node-negative
patients by randomly assigning them to observation versus
CMF.10 A retrospective correlative study was performed to
evaluate S-phase fraction as a prognostic tool to identify
node-negative patients with low risk of recurrence for
whom adjuvant chemotherapy can be avoided.12,13 The
current trial tested this objective prospectively and this
aspect will be considered in a separate evaluation along with
additional biomarker information. Thus, only the results of
the two randomized treatment factors are reported here.
We evaluate OS and DFS after a median follow-up of 10.8
years among patients still alive.

PATIENTS AND METHODS

Patients

Patients were registered from the Southwest Oncology
Group, Eastern Cooperative Oncology Group, and Cancer and
Leukemia Group B. Before any therapy or study-related proce-
dures commenced, all patients signed a study-specific informed
consent form that was approved by the institutional review boards
of the participating institutions. Eligible patients included pre-
menopausal and postmenopausal women with T1 to T3a node-
negative invasive adenocarcinoma of the breast. Estrogen and
progesterone receptors were analyzed by biochemical ligand-

binding assay. Patients with tumors too small for assay were pro-
spectively observed in the low-risk group without systemic
therapy. Primary surgical treatment was modified radical mastec-
tomy or lumpectomy with axillary dissection and radiation therapy.
At least six removed lymph nodes were examined histologically to
determine the absence of axillary metastases. Adequate bone marrow,
hepatic, and renal function were required. Radiation therapy was not
allowed for mastectomy patients, and the interval between surgery
and registration had to be less than 12 weeks. Prior systemic therapy,
bilateral invasive breast cancer, positive resection margins, prior or
concurrent malignancy, and substantial comorbidities were exclu-
sion criteria.

Trial Design

Figure 1 shows the schema of the trial design. Patients were
classified initially to the following risk groups: high risk, which
included patients whose tumors measured � 2 cm or were HR
negative; low risk, which included patients whose tumors were too
small (generally � 1 cm in diameter) for biochemical HR assay; or
uncertain risk, which included patients whose tumors measured
less than 2 cm and who were HR positive. These uncertain-risk
patients were classified subsequently as high risk if the S-phase
fraction was � 4.4 for diploid tumors or � 7 for aneuploid
tumors, or if the S-phase fraction was unknown and tumor size
was more than 1 cm. Patients with low S-phase fraction or those
with an unknown S-phase fraction and a tumor that measured
� 1 cm were classified as low risk. Although the reclassification of
the uncertain-risk group is necessary to determine whether
they will be randomly assigned or not, the initial label of
uncertain was retained for stratification and analysis. The
S-phase fraction was determined by DNA flow cytometry done
at the University of Texas Health Sciences Center at San Anto-
nio (San Antonio, TX).12,13

High-risk patients were randomly assigned to one of four
treatment arms (CMF, cyclophosphamide, doxorubicin, and flu-
orouracil (CAF), CMF � TAM [CMFT], or CAF � TAM [CAFT]).
Patients were randomly assigned according to a dynamic allocation
scheme.14 The balancing algorithm was applied separately to groups
of patients defined by risk category and cooperative group. Balancing
factors included menopausal status, time from surgery to random
assignment, and receptor status.

Treatment Plan

CMF chemotherapy was administered per guidelines estab-
lished in Bonadonna et al,15 with cyclophosphamide 100 mg/m2

Fig 1. Schematic of trial design. Patient
numbers reflect eligible patients who com-
pleted registration. CMF, cyclophosphamide,
methotrexate, and fluorouracil; TAM, tamox-
ifen; CAF, cyclophosphamide, doxorubicin,
and fluorouracil.
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orally on days 1 to 14, methotrexate 40 mg/m2 intravenously on
days 1 and 8, fluorouracil 600 mg/m2 intravenously on days 1 and
8, repeated at 28-day intervals for six cycles; and CAF chemother-
apy per guidelines established in Bull et al,16 with cyclophospha-
mide 100 mg/m2 orally on days 1 to 14, doxorubicin 30 mg/m2

intravenously on days 1 and 8, fluorouracil 500 mg/m2 intrave-
nously on days 1 and 8, repeated at 28 day intervals for six cycles.
Doses were delayed for up to 2 weeks for granulocytopenia or
thrombocytopenia, and then given at reduced levels if granulocy-
topenia or thrombocytopenia persisted. Doses on day 8 were
decreased or withheld accordingly. Hematopoietic growth factors
were not used. In TAM arms, TAM 20 mg/d was started on day 29
of cycle six and was continued for 5 years.

End Point Definitions and Statistical Analysis

Start date is the registration date for patients immediately
classified and reregistration date for those who required flow
cytometry. OS was from the start date until the date of death as a
result of any cause. DFS was from the start date to the first date of
a second breast primary tumor, recurrence, or death. DFS was
censored at the date of latest contact for patients last known to be
alive with no recurrence or no second breast primary tumor.

�2 tests were used to test discrete data. The method of Kaplan
and Meier17 was used for graphs of time-to-event data. Cox mod-
els18 were used to compare treatments, assess association of pa-
tient characteristics with OS and DFS, test interactions with
treatment, and estimate hazard ratios and 95% two-sided CIs. Cox
regression analyses included the stratifying variables (time be-
tween surgery, initial risk level, hormone receptor status, and
menopausal status) as explicit covariates in the model.14 The
assumption of proportional hazards for treatment over time was
tested to examine whether that the effect of treatment was constant
over time.

The study was designed to have 87% power to detect a CMF
versus CAF HR of 1.25 (CAF and CMF arms combined, under the
assumption of no interaction with TAM) for a one-sided, .05-level
test. Similarly, power for no TAM versus TAM would also be 87%
under the same assumptions. The study was also designed to have
80% power to detect a no-TAM-to-TAM HR of 1.33 within both
HR subsets. For Data and Safety Monitoring Committee report-
ing, one interim analysis was planned for 1 year after completion
of accrual. Per protocol, one-sided P values (adjusted for stratifi-
cation factors) are given for the primary hypotheses (CAF is better
than CMF and TAM is better than no TAM, overall and for both
HR subsets). Two-sided P values and 95% CIs are also given per
journal policy. All eligible randomly assigned patients were in-
cluded in the DFS and OS analyses according to the randomized
treatment arm. For toxicity, patients who did not receive the
assigned treatment were excluded from the analyses. Standard
toxicity criteria defined for the Southwest Oncology Group were
used.19 The cardiac toxicities were collected in a structured man-
ner for congestive heart failure, dysrhythmia, or cardiac ischemia
during the first year from registration. After 1 year the cardiac
toxicities were reported with less specificity.

RESULTS

This report presents the definitive 10-year results for the
randomized treatments of this adjuvant trial.

Patient Characteristics

Between July 1989 and February 1993, 4,406 patients
were registered onto the study. Of these, 441 (10%) were
ineligible (inadequate baseline data, n � 169; incorrect risk
group registration, n � 74; no biochemical assay for HR
status, n � 32; incorrect radiation therapy timing, n � 31;
and no invasive disease, n � 25). Among eligible patients,
2,163 were initially high risk and were randomly assigned to
a treatment arm. Of the 1,141 eligible patients initially of
uncertain risk, 69 were not reregistered to observation or
treatment arms. Among the remaining 1,072 patients, 527
were found to be high risk and were randomly assigned to a
treatment arm.

Table 1 summarizes patient characteristics by risk
group and treatment arm. By definition, uncertain-risk pa-
tients had smaller sized tumors and HR-positive disease. In
the initial high-risk group, 84% of patients had tumors � 2
cm and 54% were HR negative. Characteristics by treatment
arm were well balanced.

Protocol Compliance

Table 2 summarizes protocol compliance. More pa-
tients in CMF arms completed chemotherapy than did pa-
tients in CAF arms, and major deviations were less common
in the CMF arms. In a sample of 277 treated patients,
chemotherapy was delivered to more patients in the CMF
arms, and a greater percentage of patients in CMF arms
began cycles 4 to 6 than did patients in the CAF arms. Dates
when patients discontinued TAM have been reported for
1,243 patients. Of those receiving at least 4.5 years of TAM,
62% were HR positive and 38% HR negative.

Previous Analyses

The study did not meet reporting criteria at the time of
interim analysis. At the time of the planned final analysis
(performed in 1997),20 CAF was marginally superior to
CMF with respect to DFS and OS (one-sided P � .03 for
each). TAM was beneficial only in receptor-positive pa-
tients for DFS and OS (one-sided P � .01 and P � .02,
respectively; interaction P � .005 and P � .009, respec-
tively). Follow-up analysis in 2000 gave similar results. CAF
remained superior to CMF (one-sided P � .02 for DFS;
P � .008 for OS), and TAM remained beneficial only in
receptor-positive patients (one-sided P � .003 for DFS and
P � .004 for OS; interaction P � .005 for DFS, P � .004
for OS). Following are results with 2.5 additional years
of follow-up.

DFS and OS

DFS and OS estimates for CMF, CMFT, CAF, and
CAFT are shown in Figures 2 and 3. There have been 670
treatment failures: 163 CAF, 160 CAFT, 182 CMF, and
165 CMFT; 107 contralateral breast cancers (17 subse-
quently developed advanced disease), 396 distant relapses,
38 ipsilateral recurrences after breast-sparing surgery (11
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subsequently developed advanced disease), and 129 deaths
without breast cancer. A total of 462 deaths have occurred:
109 CAF, 103 CAFT, 126 CMF, and 124 CMFT. Causes of
death other than breast cancer primarily were due to car-
diovascular causes or other cancers, and included 33 in the
CMF arm, 40 in the CAF arm, 24 in the CMFT arm, and 32
in the CAFT arm (Table 3). The median follow-up for
patients last known alive was 10.8 years.

CAF Versus CMF

Combined CAF and CAFT arms were compared col-
lapsing over TAM use (Fig 2). In DFS, CAF arms were
slightly superior to CMF arms (10-year estimated DFS 77%
v 75%), as hypothesized, but the HR (CMF/CAF) was not
significant (HR � 1.09; 95% CI, 0.94 to 1.27; one-sided
P � .13 per design; two-sided P � .26) The OS difference for
CAF (85%) versus CMF (82%) at 10 years was larger than
the difference for DFS (HR � 1.19; 95% CI, 0.99 to 1.43;
one-sided P � .03; two-sided P � .06). There was no evi-
dence of CAF-TAM interaction for either DFS (P � .71) or
OS (P � .69).

TAM Versus No TAM

Overall, TAM was not superior to no TAM for either
DFS (HR � 1.08 for no TAM v TAM; 95% CI, 0.93 to 1.26;
one-sided P � .16; two-sided P � .33) or OS (HR � 1.03;
95% CI, 0.86 to 1.24; one-sided P � .37; two-sided P � .74).
However, a goal of the trial was to test the effectiveness of
TAM within HR subgroups; thus, comparisons were legiti-
mate despite no overall TAM effect. The TAM-HR interac-
tions were significant (P � .002 and P � .014 for DFS and
OS, respectively), indicating the TAM effect was different in
the two HR groups shown in Figures 4 and 5.

Within the HR-positive subset, DFS showed a benefit
in favor of TAM (78% v 72%; HR � 1.32; 95% CI, 1.09 to
1.61; one-sided P � .003; two-sided P � .005). OS showed a
benefit for TAM versus no TAM (85% v 82%; HR � 1.26;
95% CI, 0.99 to 1.61), but was statistically significant
only in the one-sided test (P � .03), but not in the
two-sided test (P � .06).

Within the HR-negative subset, the effect of TAM was
not superior as had been hypothesized, but had a slight

Table 1. Patient Characteristics by Risk Group (at initial registration) and Treatment Arm

Characteristic

% High
Risk

(n � 2,163)

% Uncertain
Risk

(n � 527)
% CMF

(n � 676)
% CAF

(n � 669)
% CMFT
(n � 674)

% CAFT
(n � 671)

Race
White, non-Hispanic 81 88 86 81 84 81
Black, non-Hispanic 12 6 8 12 10 11
Hispanic 4 2 3 3 4 4
Other 3 4 3 4 2 4

Menopausal status
Premenopausal 56 51 54 55 56 55
Postmenopausal 44 49 46 45 44 45

Postmenopausal estrogen
Yes 15 13 15 13 15 15
No 85 87 85 87 85 85

Primary treatment
BSP, delayed RT 16 18 17 16 16 17
BSP, RT prior to registration 6 12 8 5 9 9
Mastectomy 78 70 75 79 75 74

Receptor status
Receptor positive 46 100 56 57 57 58
ER and PgR negative 54 0 44 43 43 42

Tumor size, cm
� 1 2 24 34 34 32 33
1.1-1.9 14 76 62 61 63 63
2-5 78 0 4 5 5 4
� 5 6 0

Risk group
Initially high NA NA 80 81 81 80
High by flow cytometry 20 19 19 20

Age, years
Median 47 49 48 48 47 48
Minimum 16 27 27 16 25 23
Maximum 82 85 78 79 79 85

Abbreviations: CMF, cyclophosphamide, methotrexate, and fluorouracil; CAF, cyclophosphamide, doxorubicin, and fluorouracil; CMFT, CMF plus tamoxifen;
CAFT, CAF plus tamoxifen; BSP, breast-sparing surgery; RT, radiation therapy; ER, estrogen receptor; PgR, progesterone receptor; NA, not applicable.
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detrimental effect on DFS (82% v 85%; HR � 0.81; 95% CI,
0.64 to 1.03; one-sided P � .96; two-sided P � .08) as well as
on OS (75% v 79%; HR � 0.79; 95% CI, 0.60 to 1.05;
one-sided P � .95; two-sided P � .11).

Toxicity

Acute toxicities. Acute (within 1 year) toxicities are
listed in Table 4. Only a subset of toxicities was recorded;

CAF arms had a higher percentage of toxic events. Short-
term toxicity-related deaths were rare (n � 3), but occurred
in both CMF (one sepsis) and CAF (one dysrhythmia, one
pneumonia) arms.

Cardiac effects. Cardiac toxicity events were collected
in two segments: events within 1 year and events occurring
after 1 year. Similar numbers of cardiac events within 1 year
were reported (14 in CMF arms, 19 in CAF arms), although

Table 2. Protocol Compliance

Section I. Completion/Noncompletion of Chemotherapy (%)

CMF/CMFT Arms CAF/CAFT Arms
Completed chemotherapy 89 84
Reason for withdrawal

Toxicity/adverse effects 5 9
Refused therapy 4 6
Other causes 2 1

Major deviations (included within % withdrawing) 9� 12†

Section II. Discontinuance of TAM (%; n � 1,243)

CMFT/CAFT Combined
Received at least 4.5 years of TAM after chemotherapy 57
Reason TAM discontinued prior to year 4.5

Disease relapse 8
Toxicity/adverse effects 11
Refused therapy 8
Other reasons 7

Received no TAM 9

Section III. Receipt of Planned Doses of Chemotherapy (n � 277)

CMF/CMFT Arms CAF/CAFT Arms
% of dose received in cycles 1-3 92 81
% of patients beginning cycles 4-6 92 78
% of dose received in cycles 4-6 among those beginning cycles 4-6 83 74

Abbreviations: CMF, cyclophosphamide, methotrexate, and fluorouracil; CMFT, CMF plus tamoxifen; CAF, cyclophosphamide, doxorubicin, and fluorouracil;
CAFT, CAF plus tamoxifen; TAM, tamoxifen.

�Reasons for major deviations in CMF/CMFT arms: no CMF/1 day of CMF (1%); received � 1 day CMF, but did not receive TAM on CMFT or did receive
TAM on CMF (7%); postchemotherapy radiation therapy not done for lumpectomy patients (1%).
†Reasons for major deviations in CAF/CAFT: no CAF/1 day of CAF (3%); received � 1 day CAF, but did not receive TAM on CAFT or did receive TAM on

CAF (8%); postchemotherapy radiation therapy not done for lumpectomy patients (1%).

Fig 2. Disease-free survival by chemotherapy arm: cyclophosphamide,
doxorubicin, and fluorouracil (CAF) and CAF plus tamoxifen (CAFT) versus
cyclophosphamide, methotrexate, and fluorouracil (CMF) and CMF plus
tamoxifen (CMFT).

Fig 3. Overall survival by chemotherapy arm: cyclophosphamide, doxoru-
bicin, and fluorouracil (CAF) and CAF plus tamoxifen (CAFT) versus cyclo-
phosphamide, methotrexate, and fluorouracil (CMF) and CMF plus
tamoxifen (CMFT).
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severity was worse in CAF arms (11 severe in CAF arms,
including one fatal, v four severe in CMF arms). Cardiac
events after 1 year were reported before relapse in 53 pa-
tients in CMF arms and 63 patients in CAF arms. Events
included cardiomyopathy, cardiomegaly, or congestive
heart failure in 22 patients in CMF arms and 27 patients in
CAF arms. Rates for all effects were 0.5 per 100 patient-years
of follow-up before recurrence in CMF arms and 0.58 in
CAF arms. Rates for cardiomyopathy/cardiomegaly/con-
gestive heart failure were 0.21 and 0.25, respectively.

Other Cancers

As expected, more endometrial cancers were reported
in eligible patients in TAM arms (n � 14) than in
chemotherapy-alone arms (n � 7) There were 139 other
second primary tumors reported (in addition to opposite-
breast and endometrial cancers); the most frequent was
lung cancer (n � 28), followed by nonmelanoma skin
(n � 16), ovarian (n � 13), colon (n � 11), melanoma
(n � 10), acute myelogenous leukemia/myelodysplastic
syndrome (nine total: CMF, n � 4, CAF, n � 5), and
cervical (n � 5). There were 46 other nonbreast second
primary cancers and one at an unknown site.

There were 110 opposite-breast relapses. Of those who
were initially HR positive and who experienced a relapse, 40
received no TAM and 20 received TAM. Of those initially
HR negative and who experienced a relapse, 23 received no
TAM and 27 received TAM.

DISCUSSION

INT-0102 is one of the largest prospective, randomized
studies comparing an anthracycline with a nonanthracy-
cline regimen in the adjuvant therapy of breast cancer and
prospectively assessing the value of TAM in patients with
HR-negative cancers. It found that CAF had similar DFS to
CMF and only slightly better OS. Statistical analysis shows
statistical significance only if the planned protocol analysis
using a one-sided � � .05 level test is performed. If a
two-sided statistical test is applied (per Journal of Clinical
Oncology policy), the result is not statistically significant.
Furthermore, these data have undergone earlier analysis, so
comparisons that are barely statistically significant should
be interpreted cautiously. Both the HRs for DFS and OS

Fig 5. Overall survival (OS) by hormone receptor (HR) status with and
without tamoxifen (TAM). HR�, HR positive; HR�, HR negative.

Table 3. DFS Failures in Eligible High-Risk Patients Randomly Assigned onto Trial S8897

HR Negative (ER negative and PgR negative) CMF (n � 295) CAF (n � 288) CMF/TAM (n � 292) CAF/TAM (n � 285)

Death without relapse 16 10 9 12
Opposite breast relapse 11 11 12 14
Other first site of relapse 44 33 50 49
Total HR-negative failures 71 54 71 75

HR Positive (ER positive and/or PgR positive) CMF (n � 381) CAF (n � 381) CMF/TAM (n � 382) CAF/TAM (n � 386)

Death without relapse 17 30 15 20
Opposite breast relapse 21 19 7 12
Other first site of relapse 73 60 72 53
Total HR-positive failures 111 109 94 85
Total failures 182 163 165 160

Abbreviations: DFS, disease-free survival; HR, hormone receptor; ER, estrogen receptor; PgR, progesterone receptor; CMF, cyclophosphamide,
methotrexate, and fluorouracil; CAF, cyclophosphamide, doxorubicin, and fluorouracil; TAM, tamoxifen.

Fig 4. Disease-free survival (DFS) by hormone receptor (HR) status with
and without tamoxifen (TAM). HR�, HR positive; HR�, HR negative.
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show a narrow advantage for CAF that was not as strong as
had been hypothesized.

For the last two decades, anthracyclines have been con-
sidered among the most efficacious agents for treating met-
astatic breast cancer21; however, their superiority in the
adjuvant setting has been less well studied.2 Prior random-
ized trials have demonstrated mixed results. These trials can
be grouped into three categories. The first group compared
intravenous regimens of fluorouracil, doxorubicin, and cy-
clophosphamide, or fluorouracil, epirubicin, and cyclo-
phosphamide given every 21 days versus intravenous CMF
regimens given every 21 days. Two of these studies showed
outcomes favoring the anthracycline regimens.22-25 In met-
astatic disease, the intravenous, 21-day schedule of CMF

has been shown to be inferior to the so-called classic CMF
using oral cyclophosphamide in the dose and schedule used
in our study.26 The second group compared various anthra-
cycline therapies to classic CMF, as used in this trial. Two of
the four studies demonstrated superiority of the anthracy-
cline regimens.27-30 The third group of studies are unequal
comparisons in dose, schedule, or duration of treatment,
and show equivalence except for the results of National
Surgical Adjuvant Breast and Bowel Project (NSABP) B11
and B12, which showed a benefit of adding doxorubicin to
melphalan and fluorouracil.31-36 A recent 10-year update of
a smaller study done in premenopausal, lymph node–posi-
tive patients showed a continued statistically significant
survival benefit. This study was similar in design to ours
with the exception that epirubicin was used in place of
doxorubicin and that the participants were younger, node-
positive patients who would be expected to have larger
absolute benefits from chemotherapy.37 The benefit of CAF
for six cycles in a low-risk node-negative population would
confer larger absolute benefits in higher risk groups. How-
ever, questions remain about the optimal anthracycline
agent, dose, combination, and schedule. Reports show that
a threshold exists with both doxorubicin and epirubicin,
below which efficacy suffers,38-41 but direct efficacy com-
parisons between the two agents are not available.

Cardiac toxicity was modest with either CMF or CAF,
and was comparable with the results in previous reports.42

Hematologic toxicities were slightly more common in an-
thracycline arms; however, colony-stimulating factors were
restricted in this study. These agents may reduce febrile
neutropenic episodes and increase dose delivery, which
could increase the effectiveness of the CAF regimen. Nausea
and vomiting were also more common in the CAF arms.
Importantly, increased acute leukemia and myelodysplasia
were not noted in the CAF treated patients.

Use of TAM as an adjunct to chemotherapy has been
well established for postmenopausal HR-positive patients.2

This trial examined the use of TAM in both HR-positive
and HR-negative patients. There are few prospective, ran-
domized data for HR-negative patients. Data from retro-
spective analyses showed conflicting results. These older
trials either did not regularly require rigorous measurement
of the HR, or found benefit in older patients regardless of
HR status.9-11 Our trial required HR to be measured in
certified laboratories for the patient to be eligible. An overall
benefit of TAM was not observed because of the significant
interaction of HR status and treatment with tamoxifen. The
benefit seen in HR-positive patients was dramatic. The
study was designed as a one-sided test of the superiority of
TAM in both the HR-positive and HR-negative subgroups. In
HR-positive patients this prediction was supported. However,
it was not supported in HR-negative patients. Strict statistical
interpretation of one-sided tests do not permit testing a re-
sult in the opposite direction, hence the one-sided P values

Table 4. Acute Toxicities Within 1 Year of Registration

Toxicity (grade)
% CMF

(n � 673)
% CAF

(n � 652)
% CMFT
(n � 664)

% CAFT
(n � 660)

Granulocytopenia
3 25 21 26 22
4 37 53 35 58

Leukopenia
3 49 52 50 54
4 7 21 9 20

Thrombocytopenia
3 2.5 1.7 1.7 2.3
4 1.3 0.31 1.1 0.45

Nausea
2 20 27 21 25
3 5 9 5 8

Vomiting
2 12 20 15 18
3 2 5 3 5
4 0.74 1.2 0.75 1.2

Stomatitis
2 8 20 9 19
3 3 8 3 6
4 0.45 0.31 0.9 0.61

Cardiac toxicity
1-2 or unknown 1.2 0.61 0.3 0.61
3-4 0.3 0.61 0.3 0.91
5 0 0.15 0 0

Total grade 4 39 59 39 62
Nonhematologic grade 4 2.1� 3.1† 3.2‡ 3.3§
Toxicity-related deaths 0 0.31 0.15 0

Abbreviations: CFM, cyclophosphamide, methotrexate, and fluorouracil;
CAF, cyclophosphamide, doxorubicin, and fluorouracil; CMFT, CMF plus
tamoxifen; CAFT, CAF plus tamoxifen.

�Grade 4 nonhematologic toxicities, other than cardiac, included diarrhea
(n � 2), pulmonary embolism (n � 2), ileus (n � 1), and allergic reaction
(n � 1).
†Grade 4 nonhematologic toxicities, other than cardiac, included

diarrhea (n � 4), pulmonary embolism (n � 2), infection (n � 2), pain
(n � 1), and renal failure (n � 1).
‡Grade 4 nonhematologic toxicities, other than cardiac, included

diarrhea (n � 7), ulcer (n � 1), pulmonary embolism (n � 1), and
infection (n � 1).
§Grade 4 nonhematologic toxicities, other than cardiac, included

vomiting (n � 8), stomatitis (n � 4), diarrhea (n � 6), pulmonary
embolism (n � 1), infection (n � 1), and depression (n � 1).
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were high. Retrospective application of two-sided tests showed
that TAM was also not significantly worse than no TAM in
HR-negative patients. This study, together with a similar study
reported earlier (NSABP B-23), clearly show there is no benefit
of TAM for patients with HR-negative cancers.43

In this trial, administration of TAM followed comple-
tion of chemotherapy, eliminating concern for possible
kinetic or pharmacologic interactions with the chemother-
apy. No increase in thromboembolic events was recorded,
in contrast to regimens administering both modalities con-
currently.9,33,44 Of note, the occurrence of contralateral
breast cancer was not reduced in patients whose primary
tumor was HR negative, a finding consistent with NSABP
B-23. The explanation for this finding is as yet unknown.
However, there is no indication for TAM in the HR-negative
subset even to reduce contralateral primary tumors.

The question of benefit relative to toxicity is valid. The
benefit of anthracyclines in reducing breast cancer recur-
rence has been demonstrated by this study and others. The

magnitude of benefit was not large in this study. Comorbid
conditions that may affect life span or toxicity must be
evaluated with clinical judgment, whereas additional eval-
uations of their effects are addressed scientifically. In a
physiologically sound patient with adequate risk of relapse,
the increased toxicity may be justified by the increased
benefit. Results from the natural history and biologic cor-
relations section of this study will be discussed in a separate
article. Those results as well as others aimed at identifying
better markers for prediction and prognosis will help iden-
tify patients who benefit the most from treatment. The
question for an individual patient remains an assessment to
be made by her and her physician, who must help evaluate
the risks and benefits of any medical intervention.
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