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A B S T R A C T

Purpose
We conducted a phase III randomized study of two adjuvant treatment schedules of doxorubicin
(A) and cyclophosphamide (C) in early-stage breast cancer to determine if administration of
sequential single agents (A3 C) results in superior disease-free survival (DFS) and overall survival
(OS) versus the same total dose given in combination (AC).

Patients and Methods
High-risk node-negative or low-risk node-positive breast cancer patients received AC given:
(arm I) concurrently (AC) doxorubicin 54 mg/m2 and cyclophosphamide 1.2 g/m2 intravenously
(IV) every 3 weeks for six cycles; or (arm II) in sequence (A 3 C) doxorubicin 40.5 mg/m2 IV
days 1 and 2 every 3 weeks for four cyles followed by cyclophosphamide 2.4 gm/m2 IV every
2 weeks for three cycles. Total dose and duration were identical, but the intensity of each drug
was increased on A 3 C. Both arms included granulocyte colony-stimulating factor support
and prophylactic antibiotics. All but premenopausal women with receptor negative tumors
received tamoxifen after chemotherapy.

Results
Between 1994 and 1997, 3,176 patients were randomly assigned. Arms were well balanced; 48%
of eligible patients were node-negative and 48% were estrogen receptor–positive. No significant
differences in OS or DFS were observed; 5-year estimates of OS (95% CI) were 88% (87%
to 90%) on AC and 89% (87% to 91%) on A 3 C. Grade 4 hematologic toxicity was greater on
A 3 C, but nonhematological grade 4 was similar.

Conclusion
The overall result does not support superiority of dose-intense sequenced single agents. The
greater toxicity of higher doses of single agents does not support their sequential use.

J Clin Oncol 25:656-661. © 2007 by American Society of Clinical Oncology

INTRODUCTION

Dose-intensity, duration, density, and sequencing
of adjuvant anthracycline-based chemotherapy reg-
imens in breast cancer have been examined in nu-
merous clinical trials. While cumulative results of
such trials have shown improved outcomes, the
optimal doxorubicin plus cyclophosphamide (AC)
program remains to be determined. Increased
dose-intensity of cyclophosphamide, methotrex-
ate, and fluorouracil (CMF) -type regimens ap-
pears to improve outcomes, as reported in a
retrospective analysis.1 Dose-intensity of the an-
thracycline (in AC) must be maintained above a
moderate threshold, but efforts to further in-
crease the dose-intensity of the anthracycline have
resulted in mixed conclusions and excessive

toxicity.2-4 Cancer and Leukemia Group B
(CALGB) 8541 demonstrated that a minimum
moderate dose-intensity (15 mg/m2/wk rather
than 7.5 mg/m2/wk) of doxorubicin is critical for
efficacy.5-7 National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-22 and B-25 showed
that increasing the dose of cyclophosphamide re-
sults in increased leukemogenicity without an im-
proved breast cancer outcome.8,9

Improved dose-intensity is an appealing strat-
egy to allow increased exposure to pharmacologically
significant levels of the therapeutic agent. Dose-
intensity is defined by the amount of treatment de-
livered per unit of time, wherein 60 mg/m2 of
doxorubicin given at 3-week intervals results in a
dose-intensity of 20 mg/m2/wk. The optimal dose of
doxorubicin appears to be 20 to 24 mg/m2/wk,
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based on studies with doxorubicin4 (or epirubicin)6,7 given every 3
weeks with cyclophosphamide.

Sequencing chemotherapy regimens has received relatively little
scrutiny. The European Institute of Oncology (Milan, Italy) showed
that alternating therapies, rather than sequencing (CMF and AC)
reduces efficacy10; however, the two study arms were not well-
balanced. Norton et al11 proposed an optimal strategy based on
mathematical modeling in which single agents are given sequentially
at high dose-intensity.11,12 The Memorial Sloan-Kettering Cancer
Center (New York, NY) has used a sequential doxorubicin followed by
cyclophosphamide (A3C) strategy in phase II trials with promising
results.13,14 However, few studies have rigorously compared a se-
quential with simultaneous strategy, and none has determined
which is superior.

The present study design isolated the treatment schedule. Ques-
tions of sequence and intensity were distinguished, maintaining total
dose and duration constant. Patients in both arms received identical
total doses of both chemotherapeutic agents followed by tamoxifen (if
hormone receptor–positive or postmenopausal). Earlier preliminary
analysis reported in abstract form found no significant differences
between the treatment arms.15 Herein, we present the final analysis of
INT-0137.

PATIENTS AND METHODS

Patients

This intergroup trial was coordinated by the Southwest Oncology Group
(S9313), with participation from the Eastern Cooperative Group, North Cen-
tral Cancer Treatment Group (NCCTG 93-30-51), and CALGB 9394. It was
open for accrual from April 1994 to May 1997 to patients with early-stage
high-risk breast cancer. Patients were eligible if tumors were estrogen receptor
(ER) –negative and progesterone receptor (PR) –negative and � 1 cm, � 2 cm
regardless of hormone receptor status, or node-positive, with 1 to 3 positive
axillary nodes, stage I or II by the most recent American Joint Committee
on Cancer guidelines.16

Patients with ductal carcinoma in situ, lobular carcinoma in situ in
addition to invasive disease (including TxN1a), metaplastic carcinoma, and
bilateral synchronous tumors were eligible. Recurrent, locally advanced dis-
ease, pure tubular, papillary, mucinous, sarcoma, lymphoma, apocrine, ad-
enocystic, or squamous cell breast cancers were excluded. Primary surgical
treatment was required, mastectomy or breast-sparing procedure, and axillary
dissection, with a minimum of six nodes removed and examined. The extent of
further staging studies was left to the discretion of the treating physician.
However, a minimum of a chest x-ray, contralateral mammogram, and no
clear gross and microscopically positive surgical margins was required. Nor-
mal baseline cardiac ejection function, hematological function, and hepatic
and renal functions were also required. Patients were informed of the experi-
mental nature of the study and were provided written informed consent in
accordance with institutional and federal guidelines.

Treatment

Designed to be administered on an outpatient basis, all chemotherapy
(Fig 1) was initiated within 85 days of primary surgery. Patients were randomly
assigned to receive either (arm I) AC given in combination (AC) doxorubicin
54 mg/m2 and cyclophosphamide 1.2 g/m2 intravenously (IV) every 3 weeks
for six cycles or (arm II) in sequence (A3C) doxorubicin 40.5 mg/m2 IV days
1 and 2 of a 21-day cycle for four cycles, followed by cyclophosphamide 2.4
gm/m2 IV every 2 weeks for three cycles. Granulocyte colony-stimulating
factor (G-CSF) was administered day 3 after cyclophosphamide doses and
continued until day 12 or until a postnadir count of 10,000 granulocytes.
Prophylactic ciprofloxacin was administered for high-dose cyclophosphamide
given in arm II. However, after an episode of neutropenia, all patients were

given prophylactic antibiotics with subsequent cycles. Vigorous hydration was
administered parenterally and encouraged orally with high-dose cyclophosph-
amide. Mesna was instituted for hemorrhagic cystitis.

The sequential dosing schedule of the experimental arm was intended to
be similar to concurrent phase II studies at the Memorial Sloan-Kettering
Cancer Center using doxorubicin at 75 mg in a q3 week schedule in sequence
with cyclophosphamide at 3 g/m2 every 2 weeks supported by G-CSF.13 Re-
duction of cyclophosphamide and institution of G-CSF and prophylactic
antibiotics was based on safety concerns. Doses of the regimens were designed
such that all patients received the same total dose of each drug (324 mg/m2

doxorubicin, 7.2 g/m2 of cyclophosphamide) and were treated during an
18-week period. However, in the experimental sequential arm, the dose-
intensity of both drugs was increased (27 v 18 mg/m2/wk of doxorubicin and
1,200 v 400 mg/m2/wk of cyclophosphamide) and calculated for the period of
intended delivery of each drug.

SWOG toxicity criteria were employed.17 Complete blood cell counts
were obtained before each treatment. If absolute neutrophil count was less
than 1,500 per microliter, chemotherapy was withheld until neutrophil
count recovery, but no dose reductions were allowed. If treatment delay
was greater than 2 weeks, the patient was removed from protocol treat-
ment. Dose was not adjusted for anemia, nor for transfusion. For grade 4
thrombocytopenia (platelets � 25,000 per microliter), the chemotherapy
dose was reduced by 25%. The doxorubicin dose was reduced for grade 2
toxicity (transaminases 2.6-5) and held for grade 3 (transaminases � 5 �
institutional upper limit of normal [IULN] t. bilirubin 1.5-3 � IULN).
Patients were removed from the protocol for grade 4 (transaminases
� 20 � IULN or t. bilirubin � 3 � IULN) or persistent grade 3 hepato-
toxicity. The doxorubicin dose was reduced for mucositis, and both doxo-
rubicin and cyclophosphamide were reduced for grade 4 nausea and
vomiting.

External beam radiation therapy was deferred until after chemotherapy,
but it must have been planned before trial entry for patients treated with less
than a mastectomy. Premenopausal women with hormone receptor–positive
tumors, and all postmenopausal women, were treated daily with tamoxifen 20
mg orally for 5 years after chemotherapy.

Design

Patients were randomly assigned to receive combination AC or sequen-
tial treatment with doxorubicin followed by cyclophosphamide (A 3 C).
Stratification factors were not used due to large sample size.

It was hypothesized that sequential therapy should be superior to com-
bined. The sample size of 1,500 patients per arm was chosen such that one-
sided .05 level log-rank test of the equality of disease-free survival (DFS)

18 400

A

B

Dose-intensity* (mg/m2/wk)

Dose-intensity* (mg/m2/wk)

Doxorubicin Cyclophosphamide

27 1,200
Doxorubicin Cyclophosphamide

Fig 1. Treatment schedule for INT-0137 is shown schematically with doxorubicin in
blue and cyclophosphamide in yellow. Identical total doses were given over the
entire period of adjuvant therapy. (A) High-dose AC given in combination. (B) In arm
II, therapy was sequential and the dose-intensity of each drug (*calculated for the
period when the drug was administered) was increased. A, doxorubin; C, cyclophos-
phamide; AC, doxorubin and cyclophosphamide.
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distributions would have power .9 to detect a hazard ratio (HR) of 1.3 in favor
of sequential treatment. Levels for two interim tests were specified to be .005,
with the final analysis to be done at the .045 level.18 In addition, a tissue sample
block (when available) from patients enrolled onto INT-0137 was collected for
future biologic correlative studies.

Statistical Methods

DFS is defined as time from registration to first occurrence of con-
tralateral breast cancer; local, regional, or distant recurrence; or death due
to any cause. Survival is defined as the time from registration to time of
death due to any cause.

For time-to-event data, the Kaplan-Meier method19 was used for esti-
mating distributions. The log-rank test20 was used for testing DFS and overall
survival (OS) differences between arms. Cox models21 were used for assessing
association of patient characteristics with survival and DFS, for testing
treatment-patient characteristic interactions, and for estimating HRs. �2 tests
for contingency tables were used for testing differences in toxicities.22

All reported P values are two sided. One-sided values also are given for
the primary comparison (AC DFS v A3 C DFS), as the study specified a
one-sided hypothesis for this question. All patients are analyzed according to
the assigned arm. The only exception is for toxicity, where patients who
received none of the chemotherapy in the assigned arm were omitted from
statistical analysis of toxicity. Interim analysis was performed after accrual of
one third and two thirds of the anticipated number of events.

After treatment, patients were followed for 5 years at 6-month intervals
and then annually to monitor for relapse, long-term cardiac effects, recurrence
or second primary, tamoxifen compliance, death, and cause of death.

RESULTS

Between April 1994 and May 1997, 3,176 women enrolled onto a
study. Criteria for early stopping and reporting were not met at
either interim analysis, so accrual and follow-up were completed as
planned. The median follow-up for patients still alive at time of
analysis is 7.2 years.

Sixty-two patients (2%) were ineligible: 14 had insufficient base-
line documentation of eligibility, 14 lacked documented high-risk
disease, eight had positive margins, nine had more than three lymph
nodes involved, six did not have invasive adenocarcinoma, three had
inadequate left ventricular ejection fraction, and eight were ineligible
for miscellaneous reasons. There are 1,590 eligible patients on the AC
arm and 1,524 on A3C. Modest over accrual is due to faster accrual
and lower ineligibility rates than anticipated. One eligible patient with
no follow-up is included only in baseline tables.

Patient characteristics, summarized in Table 1, show well-
balanced arms for age, menopausal status, race, ethnicity, type of
surgery, number of positive nodes, receptor status, and tumor size.
Overall, 52% of the patients on study had one to three positive nodes,
48% were ER-positive, and the majority had T2 primary tumors (only
7% had tumor size � 5 cm).

Eighty-eight percent of patients on the AC arm completed chem-
otherapy compared with 84% on the A3 C arm. Two thirds of the
patients went off treatment early because of toxicity or adverse effects.

DFS

DFS is shown in Figure 2A. The sequential arm was not superior
to combined (two-sided, log-rank P � .20, one-sided .10 by design).
The 5-year DFS estimate (with 95% CI) on AC is 79% (77% to 81%)
versus 81% (79% to 83%) on A3C. Factors associated with DFS were
number of positive nodes, ER status, PR status, and tumor size. After
adjustment for these factors, the estimated AC/A3C HR is 1.09, with

95% CI from 0.95 to 1.26. Thus, the HR of 1.3 that the study was
designed to detect is ruled out.

OS

OS is shown in Figure 2B. The sequential arm also is not superior
with respect to survival (two-sided, log-rank P � .25). The 5-year
estimate for AC is 88% (95% CI, 87% to 90%) versus 89% (87% to
91%) for A3C.Factorsassociatedwithsurvivalwere thesamefactorsas
for DFS, with the addition of menopausal status. After adjustment for
these, theestimatedAC/A3CHRis1.11,with95%CIfrom0.93to1.32.

Subset Analysis

The approach used to explore whether sequential treatment
might be superior in some subsets was to test treatment-patient char-
acteristic interactions. A significant interaction suggests a differential
effect of treatment according to subset. However, it should be noted
that in the context of an overall negative result, an observed improve-
ment in one subset cannot be viewed as definitive evidence of ben-
efit due to the sequential arm, even with a significant interaction
test. Interaction tests for nodal involvement, tumor size, primary

Table 1. INT-0137 Patient Characteristics

Characteristic AC (n � 1,590) A 3 C (n � 1,524)

Age, years
Median 47 47.5
Range 22.8-76.9 21.9-76.6
� 65, % 4 4

Menopausal status, %
Premenopausal 63 61
Postmenopausal 37 39

Race/ethnicity, %
Hispanic,

Yes 5 5
No 95 95

White 86 88
Black 10 9
Asian 3 2
Pacific Islander � 1 � 1
Native American � 1 � 1
Multiracial � 1 � 1
Unknown 1 1

Primary therapy, %
Mastectomy 61 62
Breast sparing surgery 39 38

Number of positive nodes, %
0 48 48
1-3 52 52

Estrogen receptor status, %
Positive 47 49
Negative 51 50
Unknown 1 1

Progesterone receptor status, %
Positive 45 48
Negative 53 50
Unknown 2 2

Tumor size, %
� 2 34 32
2-5 59 61
� 5 7 7

NOTE. Patient characteristics were balanced between two randomized arms.
Abbreviation: AC, doxorubicin and cyclophosphamide.
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treatment, and menopausal status were all nonsignificant. The
interaction test for hormone receptor status was significant for
both DFS and OS (P � .009 and .002, respectively) benefits for
A3 C noted in hormone receptor–positive patients (ER positive
and/or PR positive). The DFS in node-negative patients at 5 years
was 83% and 82% in AC and A3 C, respectively. In patients with
one to three positive nodes, 5-year DFS was 76% and 81% for AC
and A3 C, respectively. For hormone receptor–positive (HR�)
patients, DFS at 5 years was 81% in patients in the control arm
given AC concurrently, and 86% in patients in the experimental
arm given A 3 C sequentially (P � .01), whereas no difference
appreciated in hormone receptor–negative (HR�) patients.

Progressive Disease Outcomes

Three hundred fifty-eight breast cancer failures occurred on AC
and 312 on A3C. Sites were known for 639 of the following: opposite
breast primaries (15%), local/regional relapses (28%), and distant
metastases (57%). There have been 247 deaths on AC and 237 on
A3 C. Forty nine and 46 of these, respectively, were deaths without
relapse. Causes of death are summarized in Table 2.

Toxicity

Only a subset of toxicities was recorded: grade 4 to 5 hematologic
and grade 3 to 5 nonhematologic toxicities. Two treatment-related
deaths occurred, both on the A3C arm, one due to Aspergillus and
one due to pulmonary embolism. More patients on the A3C arm

had grade 4 hematologic toxicities than on AC (P � .0001), shown in
Table 3. However, grade 4 nonhematologic toxicities occurred with
equal and modest (8%) frequency (P � .99), as presented in Table 4.
Grade 3 toxicities were manageable, observed as maximum degree in
9% (AC) and 8% (A3C). Cardiac, diarrhea, dyspnea, fever without
infection, infection, malaise/fatigue/lethargy, pharynx/esophagitis,
phlebitis/thrombosis/embolism, and stomatitis were significantly
worse in the sequential arm, while vomiting was significantly worse in
the combined AC arm. Nausea, reported in 13% of AC-treated pa-
tients and 11% of A3C, was not significantly different between arms.
Grade 3 or 4 congestive heart failure was seen in 0.4% and 1.1% of
patients treated with AC and A3C, respectively.

Second Primaries

Sixty-three nonbreast second primaries have been reported on
the AC arm, including six each with lung, colon, and endometrial
cancer; five with squamous cell and eight with basal cell cancer; four
with ovarian; three each with cervical, melanoma, and thyroid; nine
with acute myeloid leukemia (AML); and four with myelodysplastic
syndrome (MDS). Sixty six have been reported on A3 C, including
10 with lung cancer; nine with basal cell; six each with ovarian and
colon; five with squamous cell cancer; four with endometrial; three
each with pancreas, melanoma, and sarcoma; 11 with AML; and four
with MDS. Twenty-eight patients (0.9%) overall developed AML/MDS
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Fig 2. Disease-free survival (DFS) and overall survival (OS) are shown in Figures
2A and B, respectively. Arm 1, combined therapy, appears in blue; arm 2,
sequential therapy, appears in yellow. There is no significant difference between
the two treatment arms in either DFS or OS (P � .20; P � .25). A, doxorubin; C,
cyclophosphamide; AC, doxorubin and cyclophosphamide.

Table 2. Relapse and Causes of Death on INT-0137

Variable AC (n � 247) AC (n � 237)

Relapsed breast cancer 198 191
Other cancers 16 16
Cardiovascular disease 6 7
Accident or suicide 3 4
Hepatic necrosis or cirrhosis 2 0
Pulmonary Embolism 1 1
Aspergillus 0 1
Scleroderma 0 1
Surgical complications 1 1
Respiratory failure 0 3
Perforated diverticuli 1 0
Unknown 19 12

NOTE. Incidence of relapse and nonrelapse-associated causes of death and
in protocol participants are shown; no significant difference was noted
between two treatments.

Table 3. INT-0137 Grade 4 Acute Hematologic Toxicity

Toxicity
Combined AC
(n � 1,582)

Sequential A 3 C
(n � 1,511)

Granulocytopenia, % 30 45
No. 476 686

Leukopenia, % 29 50
No. 455 749

Thrombocytopenia 4 10
No. 70 149

Total hematologic 47 65
No. 751 980

NOTE. Each grade 4 hematologic toxicity was greater in the experimental
arm (P � .0001).
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at a rate of 0.138 per 100 person-years of follow-up. No difference in
the rates of AML/MDS were seen between the two arms (P � .69).

Delivered Dose-Intensity

In a sample of all eligible patients registered in year 1 with sub-
mitted dose data (90% submission rate), more than 80% of patients
received at least 95% of planned dose-intensity on schedule for both
anthracycline and cyclophosphamide in the AC arm and for anthra-
cycline in the A3 C arm, with 76% of patients in the A3 C arm
receiving 95% of planned dose-intensity on schedule for C. Table 5
presents the delivered dose-intensity for these patients.

DISCUSSION

Long-term follow-up of INT-0137 demonstrates the outcomes in
both arms, which compare favorably with contemporaneous NSABP
studies using concurrent doxorubicin and cyclophosphamide.8,9 We
administered a dose-intense program of AC and modified the se-
quence (but neither total dose nor duration) of treatment in the
experimental arm to sequence the two drugs as single agents and to

increase the dose intensity and density. We found no significant dif-
ference between the protocol-specified outcomes in the two well-
balanced arms with relatively younger women with high-risk early-
stage breast cancer.

In the trial reported herein, the dose-intensity in the experimen-
tal A3 C arm (calculated for the period during which the drug was
given) was increased by a third for doxorubicin (18 to 27 mg/m2/wk)
and three-fold for cyclophosphamide (400 to 1,200 mg/m2/wk). Our
failure to show an improved outcome from increased dose-intensity
agrees with the outcome of C93444 in which the interval between
cycles was constant. In the recently completed C9741 trial, the vari-
ables examined were sequence and density, rather than intensity.
Paclitaxel was administered sequentially in both arms after doxorubi-
cin and cyclophosphamide. The C9741 study, similar to INT-0137,
found no difference in the outcome related to sequential single agents
versus initial combined AC followed by paclitaxel, but found a marked
advantage to the dose-dense approach (every 2 weeks) versus the
standard (every 3 weeks). In a subset analysis of C9741 (412 of 2,005
patients), fewer transfusions were observed in the sequential therapy
group.23 In contrast, we observed greater hematologic toxicity with
sequential (and more dose-intense) therapy in the experimental arm
of INT-0137.

Final analysis of INT-0137 demonstrates safety and feasibility of
the administration of a dose-intense sequential A3C regimen com-
pared with identical total doses given in combination, AC, over the
same total period of time. While hematologic toxicities were signifi-
cant and what would be anticipated from a dose-intense schedule,
acute and late cardiac effects and increased incidence of MDS and
leukemia were not greater than with similar regimens.24,25 No signif-
icant benefit was observed between the experimental dose-intense
sequential regimen and the control dose-intense concomitant AC
regimen. Our findings suggest that further exploration of sequential
versus simultaneous AC chemotherapy is not indicated, despite the
theory, given at the time of study conceptualization, that an advantage
would be observed for sequential over concomitant chemotherapy.14

Table 4. INT-0137 Grade 3 and 4 Acute Nonhematologic Toxicities

Toxicity

Combined AC
(n � 1,582)

Sequential A 3 C
(n � 1,511)

Grade 3 As Max Grade 4 As Max Grade 3 or 4 (%) Grade 3 As Max Grade 4 As Max Grade 3 or 4 (%)

Cardiac� 5 2 � 1 12 4 1
Diarrhea� 11 10 1 30 16 3
Dyspnea� 11 1 1 22 5 2
Edema 0 1 � 1 4 1 � 1
Fever without infection� 5 1 � 1 15 1 1
Hypotension 4 2 � 1 5 2 � 1
Infection� 40 3 3 64 6 5
Malaise/fatigue/lethargy� 67 0 4 92 0 6
Nausea 204 0 13 171 0 11
Pharynx/esophagitis� 4 0 � 1 13 1 1
Phlebitis/thrombosis/embolism�† 6 0 � 1 11 3 1
Stomatitis� 33 1 2 68 2 5
Vomiting� 109 90 13 87 61 10
Overall nonhematologic toxicity, % 22 8 30 28 8 36

NOTE. Nonhematologic grade 3 and 4 toxicities had significant differences.
Abbreviations: AC, doxorubicin and cyclophosphamide; A, doxorubicin; C, cyclophosphamide; Max, maximal toxicity.
�All but the latter worse in the sequential arm.
†Includes one grade 5 case on the sequential arm.

Table 5. INT-0137 Delivered Dose-Intensity

Variable

AC (n � 380) AC (n � 342)

A C A C

Protocol-specified DDI, mg/m2/wk 18 400 27 1,200
Patients given planned DDI, % 68 68 68 62
Patients given � planned DDI, % 4 5 7 6
Patients � 95% DDI, % 81 82 82 76
Patients receiving all cycles of Rx, % 85 86 92 79

NOTE. A planned subset analysis of delivered dose-intensity reveals no
significant difference between treatment arms.
Abbreviation: DDI, delivered dose-intensity.
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It is difficult to determine how these findings impact modern practice,
as the doses in the trial are higher than standard AC and the study was
conducted before routine adjuvant taxane use.
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