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Dose-Dense Adjuvant Chemotherapy in Early Breast Cancer
Patients: Results From a Randomized Trial

Marco Venturini, Lucia Del Mastro, Enrico Aitini, Editta Baldini, Cinzia Caroti,
Antonio Contu, Franco Testore, Fulvio Brema, Paolo Pronzato, Giovanna Cavazzini,
Mario Roberto Sertoli, Giuseppe Canavese, Riccardo Rosso, Paolo Bruzzi

Background: To determine whether a dose-dense regimen
improves outcome in early breast cancer patients, we com-
pared outcomes with the same fluorouracil, epirubicin, and
cyclophosphamide (FEC) chemotherapeutic regimen admin-
istered every 3 weeks (FEC;;) or administered every 2 weeks
(FECy4 including support with filgrastim, a granulocyte
colony-stimulating factor) in a multicenter phase III random-
ized trial. Methods: A total of 1214 patients with early-stage
breast cancer were randomly assigned to receive six cycles of
FEC14 (604 patients) or of FEC,; (610 patients). Study end-
points were overall survival and event-free survival. Associa-
tions were assessed by multivariable analysis with adjustment
for age; tumor size; grade; proliferative rate; and menopausal,
lymph node, estrogen receptor, and progesterone receptor
status. All statistical tests were two-sided. Results: Patients in
the FEC14 arm had fewer dose reductions or treatment de-
lays or discontinuation (26%) than those in the FEC;; arm
(33%) (difference = 7%, 95% confidence interval [CI] = 2%
to 12%; P = .008). FEC;4 therapy, compared with FEC;;
therapy, was associated with more asthenia (36% versus
29%, difference = 7%, 95% CI = 2% to 12%; P =.01), bone
pain (33% versus 4%, difference = 29%, 95% CI = 25% to
33%; P<.001), anemia (38% versus 19%, difference = 19%,
95% CI=14% to 24%; P<.001), and thrombocytopenia (8%
versus 2%, difference = 6%, 95% CI = 4% to 9%; P<.001),
but with less leukopenia (12% versus 45%, difference =33%,
95% CI = 28% to 37%; P<.001). No acute myelogenous
leukemia or myelodysplastic syndrome was observed. At a
median follow-up of 10.4 years, no statistically significant dif-
ference in the hazard of death (hazard ratio [HR] =0.87,95%
CI=0.67 to 1.13) or recurrence (HR = 0.88, 95% CI =0.71 to
1.08) was found between FEC14 and FEC;,; groups after ad-
justment by multivariable analysis. Although the study was
underpowered for subset analysis, we found no evidence that
the effect of the treatment type was associated with any of the
potential prognostic factors. Conclusion: Our results support
the long-term safety of FEC;4 chemotherapy as an adjuvant
treatment of breast cancer. However, this therapy was not
associated with improved outcome, but because of the limited
statistical power of our study, we cannot rule out a modest
improvement in outcome associated with FECy4 therapy.
[J Natl Cancer Inst 2005;97:1724-33]

The role of increased dose intensity of chemotherapeutic
agents, obtained by increasing the single dose per cycle or the
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total dose of cytotoxic drugs, has been widely studied in trials of
adjuvant breast cancer. Randomized clinical trials found no ben-
efit from increased doses of cyclophosphamide and doxorubicin
compared with the standard levels—i.e., cyclophosphamide at
600 mg/m? of body surface area (7,2) and doxorubicin at
60 mg/m?2 (3). The only beneficial effect has been demonstrated
among high-risk lymph node—positive patients given epirubicin
at 100 mg/m? instead of epirubicin at 50 mg/m? (4).

The method of increasing dose density by administering cy-
totoxic drugs with a shorter interval between treatments has
been less extensively evaluated (5). The hypothesis that such a
strategy is effective was based, in part, on theories developed by
Skipper (6) and by Norton and Simon (7,8). In their experimen-
tal models, a given dose of drug always kills a certain fraction,
rather than a certain number, of exponentially growing cancer
cells. However, breast cancer cells proliferate by nonexponen-
tial gompertzian kinetics (8), and the rate of cancer cell prolif-
eration between treatment cycles is more rapid than that used in
exponential models (8). Consequently, a treatment designed to
kill exponentially growing cells may not be able to kill all
gompertzian growing cells. Thus, to determine whether an im-
proved outcome would be achieved by reducing the interval be-
tween treatment cycles for breast cancer, in 1990 the Gruppo
Oncologico Nord Ovest-Mammella InterGruppo (GONO-MIG)
group began a series of trials in patients with metastatic breast
cancer (9—-11) and in patients with early breast cancer treated
with adjuvant chemotherapy (72). We report the results of the
trial in patients with early breast cancer who were randomly as-
signed to treatment arms with the same chemotherapy regimen
administered at the same dose (i.¢., fluorouracil, epirubicin, and
cyclophosphamide [FEC]) but with different intervals between
the treatment cycles (i.e., 2 weeks [the FEC4 arm] or 3 weeks
[the FECy; arm]).
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PATIENTS AND METHODS
Patient Population

Women with histologically confirmed breast cancer who had
undergone radical mastectomy or breast-conserving surgery in
addition to full ipsilateral axillary lymph node dissection were
eligible for enrollment in the study, if they had lymph node—
positive disease with no more than 10 involved axillary lymph
nodes or if they had no involved lymph nodes but did have a high
risk of recurrence. A high risk of recurrence was defined as the
presence of one or more of the following criteria: age of 35 years
or younger; negative estrogen receptor and progesterone receptor
status, defined as less than 10 fmol of receptor per milligram of
protein or less than 10% positive cells by immunohistochemical
analysis; tumor size of at least 2 cm; poor histologic grade; and/
or a high proliferative rate, as determined by a [*H]thymidine
labeling index or by an S-phase fraction obtained with flow cy-
tometry. Patients who were younger than 70 years were to have
received no prior chemotherapy and to have no clinical or radio-
logic evidence of distant metastases, an adequate number of
white blood cells (count of >3000 white cells per microliter) and
of platelets (count of >100 000 platelets per microliter), adequate
hepatic and renal function, and surgery performed not more than
5 weeks before randomization. Written informed consent was
obtained from all patients before enrollment.

Study Design and Treatment Regimens

This open-label, phase III, randomized clinical trial was con-
ducted at 21 Italian centers in accordance with the International
Good Clinical Practice principles and local ethical and regulatory
requirements. The study was approved by the internal review
board of the coordinating center, the National Cancer Research
Institute in Genoa, Italy. Eligible patients were randomly as-
signed to treatment by telephone or fax at the central operational
office of the Trials Center of the National Cancer Research Insti-
tute in Genoa. Patients were assigned to a treatment arm accord-
ing to stratified random lists that were balanced in blocks of
various sizes in random sequence.

Patients were randomly assigned to receive either six courses
of FECy; (5-fluorouracil at 600 mg/m?2, epirubicin at 60 mg/m?2,
and cyclophosphamide at 600 mg/m? intravenously on day 1,
with 21 days between cycles) or six courses of FECj4 (the same
drugs at the same doses as in FEC;,; but with 14 days between
cycles and with the support of filgrastim). Filgrastim was self-
administered by patients subcutaneously, at a dose of 5 pg/kg of
body weight/day, from day 4 through day 11 of each cycle; treat-
ment was temporarily interrupted if the white blood cell count
was more than 20000 cells per microliter. Overall, 1214 patients
were enrolled (604 in the FEC14 arm and 610 in the FECy| arm).

Dose modification, including treatment interruption and/or
dose reduction, is described as follows. On day 1 of the cycle, if
grade II or higher leukopenia or grade I-II thrombocytopenia
was present, treatment was delayed until recovery. In addition,
on day 1 of the cycle, if grade III-1V leukopenia associated with
grade I-II thrombocytopenia or grade III-IV thrombocytopenia
alone was present, chemotherapy was delayed, and individual
doses of the three drugs were reduced by 25% in subsequent
cycles. Guidelines for dose modification as a result of nonhema-
tologic toxicity, except hair loss and nausea or vomiting, were as
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follows: if grade II toxicity was present, treatment was delayed
until recovery; and if grade III-1V toxicity was present, treatment
was delayed, and doses of the three drugs were reduced by 25%
in subsequent cycles.

Patients with tumors positive for the estrogen and/or proges-
terone receptor received tamoxifen at 20 mg/day for 5 years.
Overall, 646 patients received tamoxifen (322 in the FEC4 arm
and 324 in the FEC;; arm). There was no recommendation on
the timing of tamoxifen. After completion of chemotherapy, 153
(47%) of the 322 patients in the FEC14 arm and 149 (46%) of the
324 patients in the FEC,| arm received tamoxifen. Postoperative
regional radiotherapy limited to the remaining breast was given
to patients who received breast-conserving surgery. The radio-
therapy dose was 50 Gy in 5 weeks to residual breast tissue.
A boost dose to the surgical bed (10-15 Gy in five fractions of
2-3 Gy over | week) was given to patients who were considered
to be at moderate to high risk of local recurrence (defined as
having an extensive intraductal component of >25%, positive
surgical margins, and a tumor size of >1 cm).

Initial staging consisted of medical history, physical examina-
tions, and safety evaluations, including complete blood counts
and blood chemistry analyses. An electrocardiogram was ob-
tained at baseline and at the end of chemotherapy. Bone scan,
chest radiograph, liver ultrasound, and mammography were also
required before patients were randomly assigned to a treatment
group. The same group of tests and examinations that were per-
formed at baseline was repeated every year during follow-up. All
adverse events and laboratory parameters were graded according
to the World Health Organization criteria (/3). Premenopausal
status was defined by the occurrence of a menstrual period within
6 months before random assignment. To be defined as premeno-
pausal, those women younger than 50 years who had undergone
hysterectomy were required to have premenopausal levels of
luteinizing hormone or follicle-stimulating hormone before ran-
domization. Chemotherapy-induced amenorrhea was defined by
the absence of menstrual activity for at least 3 months during
chemotherapy or within 3 months after the end of chemotherapy.

Endpoints, Statistical Methods, and Dose Intensity
Calculation

The primary study endpoint was overall survival, as estimated
from the date of randomization to the date of last contact or death
from any cause. Secondary endpoints included toxicity and event-
free survival, in which the events were local relapse, distant re-
lapse, second primary cancer, or death from any cause, whichever
came first.

The primary hypothesis of the study was that a 50% increase
in the dose intensity of FEC would be associated with a 20%
relative reduction in the hazard of death. This reduction corre-
sponds to a 5%—6% absolute increase in 5-year survival, which
was estimated to be between 65% and 70% in the control group.
Thus, we estimated that for a type I error level of .05 and 80%
power, we needed to enroll 700 patients per arm over a 4-year
period and to conduct the final analysis after another 6 years of
follow-up.

All analyses were conducted according to the intention-
to-treat principle, in that all patients randomly assigned to a
treatment arm were considered as belonging to the arm to which
they had been assigned at randomization. Overall survival and
event-free survival were obtained from Kaplan—Meier analyses,
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and the primary comparison between the two study arms was
performed with the log-rank test.

To evaluate the role of various prognostic factors and to test
for heterogeneity in the effect of the experimental treatment in
the subgroups of patients identified by the various prognostic
factors, a series of Cox proportional hazards models were fitted
to overall survival and event-free survival data. The graphical
representation of log{—log[S(?)]} against log ¢, where S(?) is the
cumulative survival in each stratum at time ¢ and ¢ is the follow-
up time, was used to confirm the assumption of proportionality.
The covariates included in all models were treatment assignment,
age (<50 years, 50-59 years, or >60 years), menopausal status (pre-
menopausal or postmenopausal), tumor size (<2.0 cm or >2.0 cm),
lymph node status (negative or positive), grading (G1, G2, G3, or
unknown), estrogen receptor status, progesterone receptor status
(negative, positive, or unknown), and proliferative activity (low
or high). Modifications of a treatment effect in subgroups identi-
fied by each of these factors were assessed by including the
appropriate treatment by covariate interaction term(s) in the
model. The likelihood ratio test was used to evaluate the statisti-
cal significance of each interaction term or set of interaction
terms. This procedure is equivalent to a test of the homogeneity
of the hazard ratios associated with the experimental treatment in
strata defined by each prognostic factor. Stratum-specific hazard
ratios (HRs), obtained by the coefficients estimated by the same
models as e(coefficient) (with their 95% confidence intervals [CIs]),
are presented with their corresponding P values. Only four of the
eight subgroup analyses that are presented had been anticipated
in the study protocol—the analyses by age, lymph node status,
hormonal receptor status, and proliferative activity.

Early results, at a median follow-up of 6.7 years, on the role of
HER?2 expression in predicting the efficacy of dose-dense che-
motherapy, have been previously reported (74). In this study, we
updated that analysis.

The dose intensity, defined as the amount of drug (expressed
as milligrams/meters?) administered per unit time (week), was
calculated as previously described (15). To calculate dose inten-
sity, we defined the duration of treatment as the interval between
day 1 of the first cycle and day 1 of the last cycle of chemother-
apy. Accelerating the administration of chemotherapy from 3
weeks to 2 weeks, for each cycle, was planned to result in a pro-
portional increase in dose intensity of 50%. All statistical tests
were two-sided.

REsuLTS
Patient Characteristics

Because of the sharply declining accrual related to competi-
tive trials, patient enrollment was closed 4.5 years after the start
of the study, although the planned sample size of 1400 patients
had not yet been reached. From November 1, 1992, through June
30, 1997, 1214 patients were randomly assigned to a treatment
arm. Forty patients (3.3%) were later found to be ineligible (Fig. 1).
All of these 40 patients were included in all the following anal-
yses. The minimum follow-up was 7 years, and the maximum
possible follow-up was 12 years (median follow-up among survi-
vors = 10.4 years). At the time of the final analysis (September
30, 2004), 132 (10.8%) of the 992 living patients had been lost to
follow-up. The distributions of the main patient and tumor char-
acteristics were similar in the two treatment arms (Table 1).
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’ 1214 women randomly assigned to ‘

’ FEC,,4 (604 patients) ‘ ’ FEC,4 (610 patients) ‘

23 ineligible patients

* 15, time from surgery to
randomization >35 days

, >10 positive lymph nodes * 4, >10 positive lymph nodes

, bilateral breast cancer » 1, bilateral breast cancer

, inadequate cardiac function » 2, disease stage

17 ineligible patients
* 10, time from surgery to
randomization >35 days

o« o o
o a o,

Fig. 1. CONSORT diagram for this randomized trial. FEC = fluorouracil,
epirubicin, and cyclophosphamide; FEC4 = FEC treatment with 14 days between
treatment cycles; FECy; = FEC treatment with 21 days between treatment
cycles.

Treatment Administration and Dose Intensity

Approximately 93.6% of patients started and completed six
cycles of chemotherapy, with no substantial difference between
the two treatment arms. Patients in the FEC4 arm had fewer dose
reductions, treatment delays, or discontinuations (157 [26%] of
the 604 patients) than those in FEC;y; arm (202 [33%] of the
610 patients) (difference = 7%, 95% CI = 2% to 12%; P = .008).
Eighteen patients from both arms never began chemotherapy,
and no data were available for nine patients (Table 2). Main toxic
effects leading to treatment discontinuation were hematologic
(10 patients), gastrointestinal (five patients), chemical phlebitis
(four patients), and fever (three patients).

Data were available to calculate dose intensity for 1186 pa-
tients (590 in the FEC4 arm and 596 in the FEC;; arm). No dif-
ference between the two arms in total dose actually given was
found (data for cyclophosphamide and 5-fluorouracil not shown).
For example, the median total dose of epirubicin was 351 mg/m?2
(range = 56-393 mg/m?) in the FECy4 arm and 351 mg/m?2
(range = 57459 mg/m?) in the FEC,; arm. The median duration
of treatment was 70 days (range = 66—151 days) in the FECy4
arm and 105 days (range = 70—147 days) in the FEC;,; arm. Over-
all, the relative dose intensity was 0.93 in the FEC4 arm and 0.94
in the FEC, arm, with no statistically significant difference for
any drug. Thus, patients in the FEC4 arm had an actual 48% in-
crease in dose intensity (i.e., mean dose intensity of epirubicin in
the FEC 4 arm [28 mg/m?/week] divided by mean dose intensity
of epirubicin in the FEC,; arm [18.9 mg/m?/week]), compared
with those in the FECy; arm.

Safety

Eighteen patients never started chemotherapy, and no infor-
mation about toxic effects was available for 12 patients. Toxic
effect information was available for 1184 patients and was
graded according to WHO criteria (1/3) (Table 3). Grade 1 or
worse toxic effects were more common with the FEC14 regimen
than with FEC,| regimen: asthenia (36% versus 29%, difference =
7%, 95% CI=2% to 12%; P = .01), bone pain (33% versus 4%,
difference =29%, 95% CI =25% to 33%; P<.001), anemia (38%
versus 19%, difference = 19%, 95% CI = 14% to 24%; P<.001),
and thrombocytopenia (8% versus 2%, difference = 6%, 95%
CI =4% to 9%; P<.001). In contrast, less leukopenia was asso-
ciated with the FEC4 regimen than with the FEC;| regimen
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Table 1. Patient characteristics by treatment arm: 604 patients in the FEC4 arm and 610 patients in the FEC,; arm*

Characteristic FEC 4 arm, No. (%)

FEC,; arm, No. (%) Total No. (%)

Age group

<50y 250 (41)

50-59y 201 (33)

>59y 153 (25)
Menopausal statust

Pre 265 (44)

Post 331 (55)

Unknown 8 (1)
Tumor size, cm

<2.0 288 (48)

2.1-5.0 285 (47)

>5.1 25 (4)

Unknown 6(1)
Axillary lymph node status

Negative 217 (36)

Positive 387 (64)
Tumor grade}

Gl 30(5)

G2 315(52)

G3 189 (35)

Unknown 70 (12)
Surgical treatment

Conservative 325 (54)

Mastectomy 277 (46)

Unknown 2(-)
Estrogen receptor status

Negative 255 (42)

Positive 311 (51)

Unknown 38 (6)
Progesterone receptor status

Negative 293 (49)

Positive 241 (40)

Unknown 70 (12)
Proliferative rate

High 223 (37)

Low 117 (19)

Unknown 264 (44)

220 (36) 470 (39)
224 (37) 425 (35)
166 (27) 319 (26)
259 (42) 524 (43)
339 (56) 670 (55)
12 (2) 20(2)
310 (51) 598 (49)
257 (42) 542 (45)
35(6) 60 (5)
8 (1) 14 (1)
214 (35) 431 (36)
396 (65) 783 (64)
33(5) 63 (5)
288 (47) 603 (50)
216 (35) 405 (33)
73 (12) 143 (12)
334 (55) 659 (54)
273 (45) 550 (45)
3(9) 50)
245 (40) 500 (41)
317 (52) 628 (52)
48 (8) 86 (7)
287 (47) 580 (48)
235 (39) 476 (39)
88 (14) 158 (13)
209 (34) 432 (36)
136 (22) 253 (21)
265 (43) 529 (44)

*FEC = fluorouracil, epirubicin, and cyclophosphamide; FEC 4 = FEC treatment with 14 days between treatment cycles; FEC,; = FEC treatment with 21 days

between treatment cycles.

TWomen were considered premenopausal as follows: Premenopausal status was defined by the occurrence of a menstrual period within 6 months before random
assignment. To be defined as premenopausal, women younger than 50 years, who had undergone hysterectomy, were required to have premenopausal levels of

luteinizing hormone or follicle-stimulating hormone before randomization.
iTumor grade was determined at each participating center (16).

(12% versus 45%, difference = 33%, 95% CI = 28% to 37%;
P<.001). Grade 2 cardiotoxicity occurred in one patient (0.2%)
in each arm.

Grade 4 toxic effects were rare. Only two episodes of non-
hematologic grade 4 toxicity were reported. One patient (0.2%)
in the FEC 4 arm experienced diarrhea, and one patient (0.2%) in
the FEC,; arm experienced vomiting. Among grade 4 hemato-
logic toxic effects, two patients (0.3%) in the FEC4 arm and
11 patients (1.8%) in FEC, arm had leukopenia, and two patients
in FECy; arm had grade 4 anemia. Only two episodes of febrile
neutropenia, one for each arm, were recorded.

The most common grade 3 treatment-related adverse events
were nausea and vomiting (12% in the FEC4 arm and 11% in the
FEC,; arm). Grade 3 bone pain occurred in 6% of patients in
FEC4 arm but in no patient in the FEC;; arm. Grade 3 stomatitis
occurred in 2.5% of patients in the FEC4 arm and 1.3% of pa-
tients in the FEC,| arm. Severe asthenia was reported in 1.4% of
patients in the FEC4 arm and in 0.2% of patients in the FEC»
arm. All the other nonhematologic severe toxic effects occurred
in less than 1% of patients, with no meaningful difference be-
tween the two treatment arms. Severe leukopenia was more com-

Journal of the National Cancer Institute, Vol. 97, No. 23, December 7, 2005

mon in the FECy; arm (6.7%) than in the FEC14 arm (2.7%), and
anemia was more common in the FECy4 arm (2.7%) than in the
FEC;; arm (0.3%).

Chemotherapy-induced amenorrhea was assessed in 524
premenopausal patients. Eleven of these 524 patients never began
chemotherapy, and 10 had no available data about amenorrhea.
Thus, overall, 503 patients had available data about amenorrhea.
Chemotherapy-induced amenorrhea occurred in 322 (64%) of
the 503 patients—162 (64%) of the 253 patients in the FEC4 arm
and 160 (64%) of the 250 patients in the FEC,; arm.

The incidence of second primary cancers was similar between
the two arms—29 (4.8%) of the 604 patients in the FEC4 arm
and 28 (4.6%) of the 610 patients in the FEC,| arm. Most of these
second primary cancers (27 of 57 cancers) were contralateral
breast cancers. No case of acute myelogenous leukemia or
myelodysplastic syndrome was reported.

Efficacy

At a median follow-up of 10.4 years, 222 deaths had been
recorded (104 in the FECi4 arm and 118 in the FEC;; arm).
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Table 2. Compliance with therapy: 604 patients in the FEC4 arm and 610 patients in the FEC,; arm*

Compliance level

FEC ;4 arm, No. (%)

FEC,; arm, No. (%) Total No. (%)

Completed six cycles 564 (93.4)
With no delay and/or dose reduction 433
With some delay 116
With some dose reduction 15
Discontinued 26 (4.3)
Toxicity 14
Refusal 10
Early relapse —
Other 2
Not begun 11 (1.8)
Unknown 3(0.5)

572 (93.8) 1136 (93.6)
395 828
165 281
12 27
25 (4.1) 51(4.2)
16 30
5 15
2 2
2 4
7(1.1) 18 (1.5)
6(1.0) 9(0.7)

*FEC = fluorouracil, epirubicin, and cyclophosphamide; FEC 4 = FEC treatment with 14 days between treatment cycles; FEC,; = FEC treatment with 21 days

between treatment cycles; — = none.

Estimated actuarial 10-year survival (Fig. 2) was 80% (95% CI =
76% to 84%) in the FEC14 arm and 78% (95% CI = 74% to 82%)
in the FECy; arm (P = .35). By the same median follow-up, 359
events had been recorded (168 in the FEC4 arm and 191 in the
FEC;; arm). These 359 events included, as first events, 202 distant
relapses (94 in the FEC14 arm and 108 in the FEC,; arm), 68 loco-
regional relapses (30 in the FEC4 arm and 38 in the FEC;; arm),
26 second breast primary cancers (12 in the FECy4 arm and 14 in
the FECy| arm), 31 second primary cancers other than breast can-
cer (17 in the FEC4 arm and 14 in the FEC;; arm), and 30 deaths
without a diagnosis or report of relapse or second tumor (14 in the
FEC|4 arm and 16 in the FEC,; arm); the remaining two patients
(one in each arm) had concurrent contralateral breast cancer and
loco-regional relapse. Actuarial 10-year event-free survival
(Fig. 2, A) was 63% (95% CI = 57% to 69%) in the FEC4 arm and
57% (95% CI = 50% to 63%) in the FECy; arm (P =.31).

In multivariable analyses (Table 4), after adjustment for age,
menopausal status, tumor size, lymph node status, grading, estro-
gen receptor status, progesterone status, and proliferative activ-
ity, we found that a non-—statistically significant 13% reduction

Table 3. Toxicity by patient

in the hazard of death was associated with the FEC4 regimen
(HR = 0.87, 95% CI = 0.67 to 1.13; P = .293). The effect on
event-free survival was similar (HR = 0.88, 95% CI = 0.71 to
1.08; P = .219). Pathologic tumor size, lymph node status, pro-
gesterone status, grading, and proliferative activity were inde-
pendently associated with overall survival and/or event-free
survival in multivariable analyses.

Subgroup Analyses

Because of the limited power of most of these analyses and
the problem of multiple comparisons, results from subgroup
analyses should be considered exploratory. Although the study
was underpowered for subset analysis, we found no evidence that
the effect of the treatment type was statistically significantly as-
sociated with age, menopausal status, lymph node status, tumor
size, estrogen and progesterone receptor status, tumor grade, or
proliferative rate (Table 5). However, among patients younger
than 50 years, we observed a suggestion of higher efficacy asso-
ciated with the FEC4 regimen than with the FEC;; regimen

FEC14 (1’1 = 589)*

FEC21 (1’1 = 595)*

Toxicity GO¥ G1 G2 G3 G4 GO Gl G2 G3 G4
Anemia, % 62 28 8 3 81 15 4 <1 <1
Leukopenia, % 88 5 4 3 <1 55 19 18 7 2
Thrombocytopenia, % 92 5 2 1 98 1 <1 <1

Febrile neutropenia, % 100 <1 100 <1

Stomatitis, % 66 22 10 3 67 23 1

Nausea and vomiting, % 19 37 32 12 17 42 31 11 <1
Diarrhea, % 95 4 1 <1 <l 96 3 1 <1

Pulmonary, % 99 <1 100

Fever, % 89 7 4 <1 92 4 4 <1

Allergic reaction, % 100 <1 100 <1

Cutaneous, % 97 2 1 1 97 2 1 <1

Alopecia, % 7 1 6 86 7 1 5 87

Infection, % 97 1 2 <1 97 2 1 1

Cardiac, % 100 <1 100 <1

Neurologic, % 99 1 <1 100 <1

Asthenia, % 64 22 13 1 72 20 9 <1

Bone pain, % 67 18 10 6 96 4 1

Bilirubin, % 100 <1 100

Transaminases, % 95 3 1 <1 97 2 <1 <1

Alkaline phosphatases, % 97 2 <1 100 <1

*FEC = fluorouracil, epirubicin, and cyclophosphamide; FEC 4 = FEC treatment with 14 days between treatment cycles; FECy; = FEC treatment with 21 days

between treatment cycles. Percentages may not sum to 100% because of rounding.

FToxic effects were graded (grade [G] 0, 1, 2, 3, or 4) according to WHO criteria (13).
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Fig. 2. Kaplan-Meier survival curves for all
randomly assigned patients. A) Event-free survival.
B) Overall survival. FEC = fluorouracil, epirubicin,
and cyclophosphamide; FECj4 = FEC treatment
with 14 days between treatment cycles; FECy; =
FEC treatment with 21 days between treatment
cycles; N =number of patients at risk; EFS = event-
free survival, S = survival, with 95% confidence
interval (CI) in parentheses. P values from log-rank
test (two-sided) = .31 (A) and .35 (B).

(Fig. 3). In addition, among patients negative for both estrogen
and progesterone receptors, the FEC4 regimen was associated
with a better outcome than the FEC;| regimen; however, no dif-
ference in outcome between regimens was observed among those
patients positive for one or both receptors (Fig. 4).

We also updated our previous analysis (/4) of the interaction
between HER2 status and treatment. Among a subset of 731 pa-

Table 4. Multivariable analysis: association of prognostic factors with overall survival and event-free survival*

A Event Free Survival

100
90
80
70
60
50

FEC,,

40
Years N

Proportion Event Free

FEC,,

EFS 95% CI N
301 5 308 78 (75-82) 402 78

20 10 48 63 (57-69) 46

p=0.31

3 4 5
Years
N° pts at risk

FECq, 604 566 523 482 434 398 340 266 164 102 48
FEC,, 610 578 537 475 441 402 348 296 193 110 46

6 7 8 9

Proportion Surviving

Overall Survival

100
90
80
70
60
50
FEC
40 “
Years N S 95%CI N 95% CI
301 s 545 91 (89-93) 533 89 (86-91)
20| 10 100 80 (76-84) 110 78 (74-82)
101 FEC,,
0 p=0.35 FEC,,
o 1 2 3 4 5 6 7 8 9 10

Years

N° pts at risk

FEC,,
FECy,

604 601 594 579 565 545 506 439 314 210 100
610 606 591 572 557 533 506 450 334 207 110

tients with available data on HER2 status, we identified a differ-
ential effect of dose density between HER2-negative patients and
HER2-positive patients. Among the 628 HER2-negative patients,
10-year event-free survival was 65% (95% CI = 57% to 73%) in
the FEC4 arm and 60% (95% CI = 53% to 68%) in the FEC»;
arm (P = .51); overall survival was 85% (95% CI = 80% to 89%)
in the FEC14 arm and 82% (95% CI =77% to 87%) in the FEC»;

Overall survivalf

Event-free survivalf

Variable HR (95% CI) P HR (95% CI) P
Random assignment 293 219
FECy; 1 (ref.) 1 (ref.)
FEC4 0.87 (0.67 to 1.13) 0.88 (0.71 to 1.08)
Tumor size <.001 <.001
<2.0 cm 1 (ref) 1 (ref.)
Other 2.02 (1.52 t0 2.69) 1.73 (1.39t0 2.14)
Axillary lymph node status <.001 <.001
Negative 1 (ref.) 1 (ref.)
Positive 3.26 (2.31 to 4.60) 2.34(1.80t0 3.01)
Tumor grade} .006 .070
Gl 1 (ref) 1 (ref.)
G2 1.76 (0.72 to 4.33) 1.72 (0.93 to 3.18)
G3 2.78 (1.13 to 6.87) 2.12 (1.14 to 3.96)
Unknown 2.09 (0.80 to 5.50) 1.78 (0.91 to 3.47)
Progesterone receptor status <.001 <.001
Negative 1 (ref.) 1 (ref.)
Positive 0.44 (0.32 to 0.60) 0.60 (0.47 to 0.76)
Unknown 0.59 (0.39 to 0.90) 0.72 (0.52 to 1.00)
Menopausal status§ .072 6771
Pre 1 (ref.) —
Post 1.28 (0.98 to 1.69) — —
Proliferative rate 1477 .018
Low — — 1 (ref.)
High — — 1.33 (0.97 to 1.83)
Unknown — — 1.53 (1.14 to 2.06)

*HR = hazard ratio; CI = confidence interval; ref. = referent; FEC = fluorouracil, epirubicin, and cyclophosphamide; FEC4 = FEC treatment with 14 days between
treatment cycles; FECy = FEC treatment with 21 days between treatment cycles; — = none.
FFrom a Cox model in which all variables were initially included as covariates. Covariates not statistically significantly (P>.10) associated with the outcome were
excluded from the model by means of a stepdown procedure that was based on likelihood ratio test. All statistical tests were two-sided.
tTumor grade was determined at each participating center (16).
§Women were considered premenopausal as follows: Premenopausal status was defined by the occurrence of a menstrual period within 6 months before random
assignment. To be defined as premenopausal, women younger than 50 years, who had undergone hysterectomy, were required to have premenopausal levels of lutein-
izing hormone or follicle-stimulating hormone before randomization.

[[Excluded from the final model.
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Table 5. Subgroup analysis of overall survival and event-free survival comparing the FEC4 arm with the FEC,| arm within strata formed by

each prognostic factor*

Overall survivalf

Event-free survivalf

Prognostic factor HR (95% CI) Pi HR (95% CI) Pt
Age group .560 .077
<S50y 0.73 (0.46 to 1.16) 0.66 (0.46 to 0.94)
50-59y 0.76 (0.48 to 1.20) 0.79 (0.55to 1.13)
>59y 1.07 (0.67 to 1.72) 1.28 (0.87 to 1.88)
Menopausal status§ 906 371
Pre 0.82 (0.53 to 1.27) 0.75 (0.53 to 1.05)
Post 0.87 (0.62 to 1.22) 0.95(0.73 to 1.25)
Tumor size 401 .870
<2.0cm 0.74 (0.45 to 1.20) 0.94 (0.66 to 1.33)
Other 0.94 (0.68 to 1.30) 0.88 (0.67 to 1.15)
Axillary lymph node status 984 .349
Negative 0.95 (0.51 to 1.79) 0.72 (0.46 to 1.12)
Positive 0.85(0.63 to 1.15) 0.93 (0.73 to 1.18)
Tumor grade|| 598 455
Gl 5.12(0.21 to 126.29) 0.81 (0.19 to 3.35)
G2 0.74 (0.49 to 1.11) 0.81 (0.60 to 1.10)
G3 0.93 (0.61 to 1.42) 0.91 (0.64 to 1.30)
Unknown 1.59 (0.67 to 3.74) 1.58 (0.84 to 2.98)
Estrogen receptor status 504 .520
Negative 0.80 (0.55 to 1.19) 0.78 (0.57 to 1.08)
Positive 0.98 (0.67 to 1.49) 0.99 (0.74 to 1.35)
Unknown 0.59 (0.22 to 1.60) 0.99 (0.44 to 2.23)
Progesterone receptor status .837 403
Negative 0.86 (0.61 to 1.22) 0.79 (0.59 to 1.06)
Positive 0.95(0.57 to 1.58) 1.04 (0.72 to 1.51)
Unknown 0.76 (0.34 to 1.67) 0.77 (0.41 to 1.45)
Proliferative rate S15 206
Low 0.84 (0.42 to 1.66) 0.88 (0.51 to 1.51)
High 0.69 (0.43 to 1.09) 0.70 (0.49 to 1.00)

*HR = hazard ratio comparing FEC4 with FEC;;; CI = confidence interval; FEC = fluorouracil, epirubicin, and cyclophosphamide; FEC 4 = FEC treatment with
14 days between treatment cycles; FECy; = FEC treatment with 21 days between treatment cycles.

+From a Cox model, in which all variables were included as covariates. Interaction terms assessing the homogeneity of the effect of experimental treatment across
strata of each covariate were introduced in the model one at a time. P values are from likelihood ratio tests. All statistical tests were two-sided.

1Test for interaction.

§Women were considered premenopausal as follows: Premenopausal status was defined by the occurrence of a menstrual period within 6 months before random
assignment. To be defined as premenopausal, women younger than 50 years, who had undergone hysterectomy, were required to have premenopausal levels of

luteinizing hormone or follicle-stimulating hormone before randomization.
|| Tumor grade was determined at each participating center (76).

arm (P = .22). However, among the 103 HER2-positive patients,
10-year event-free survival was 72% (95% CI = 58% to 85%) in
the FEC14 arm and 44% (95% CI = 27% to 61%) in the FEC5;
arm (P = .03; Pinteraction = -043); overall survival was 79% (95%
CI=68% to 91%) in the FEC 4 arm and 60% (95% CI = 44% to
76%) on the FECy; arm (P = .1; Pipteraction = -192).

DiscussioN

Results of our study support the long-term safety of dose-
dense FEC14 chemotherapy as adjuvant treatment of early breast
cancer; however, dose-dense therapy did not statistically signifi-
cantly improve outcome. To our knowledge, our study is one of
only two mature studies in which the dose-dense hypothesis has
been tested in the adjuvant therapy of breast cancer. The only dif-
ference in the planned chemotherapy regimens between treat-
ment arms was the interval between treatment cycles (3 weeks in
the FEC,1 arm and 2 weeks in the FEC4 arm). Although we al-
lowed dose reduction or dose delay for toxicity, there were actu-
ally slightly fewer dose reductions among patients in the FEC 4
arm than among those in the FEC,| arm and no differences in the
total dose delivered between arms. The difference in the time of
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delivery resulted in a 48% increase in the dose per unit time in
the FEC4 arm compared with that in the FECy| arm.

The long median follow-up (10.4 years) in our study allowed
us to obtain information about the long-term safety of dose-dense
chemotherapy with filgrastim support. The use of filgrastim has
been hypothesized to be associated with an increased risk of
secondary acute myelogenous leukemia and/or myelodysplastic
syndrome (17); however, no patients in our study developed
acute myelogenous leukemia or myelodysplastic syndrome.
Thus, no additional risk of leukemia appeared to be associated
with the use of an FEC regimen supported by filgrastim. More-
over, the acute toxicity associated with the FEC,; or FEC 4 regi-
men was mild and easy to manage. The FEC4 regimen was
associated with a higher incidence of any grade of anemia (38%
versus 19%), thrombocytopenia (8% versus 2%), and bone pain
(33% versus 4%) than was the FEC,; regimen, but leukopenia
was actually more commonly associated with the FECy; regimen
than with the FEC14 regimen. We have previously reported (78)
on the quality-of-life comparisons of patients receiving these
regimens that were assessed in terms of psychologic distress in a
substudy from three centers and 392 patients; results of that study
(18) indicated that, among early breast cancer patients, the FEC 4
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A Age < 50 years B

Age > 50 years

100 100
90 90
80 80
8 8
. . . £ 70 L 70
Fig. 3. Kaplan—Meier curves of event-free survival p
by age. A) Patients younger than 50 years. B) g 60 S 60
Patients 50 years or older. FEC = fluorouracil, |_|>J 50 |_|>J 50
epirubicin, and cyclophosphamide; FEC4 = FEC 5 FEC,, FEC,, 5 FEC,, FEC,,
treatment with 14 days between treatment cycles; £ 40 . ) e 40 . )
FEC,; = FEC treatment with 21 days between 8. %0 Years N EFS 95%CI N EFS 95% CI 8. %0 Years N EFS 95% CI N EFS 95% CI
treatment cycles; N = number of patients at risk; E 5 170 83 (78-87) 138 76 (70-82) ng_ 5 228 75 (71-80) 264 78 (74-83)
EFS = event-free survival, with 95% confidence 20| 10 22 68 (59-78) 17 56 (46-67) 20| 10 26 60 (5267) 29 56  (49-64)
interval (CI) in parentheses. P values from log-rank
- FEC FEC
test (two-sided) = .02 (A) and .55 (B). 101 =002 " L "
o FEC21 ol e FE021
01 2 3 4 5 6 7 8 9 10 01 2 3 4 5 6 7 8 9 10

N° pts at risk

FEC,, 250 236 224 207 183 170 148 119 76 47 22
FEC21 220 206 192 163 151 138 119 101 64 36 17

regimen was associated with higher, but transient and timely
reversible, psychologic distress than that of the FEC,; regimen.

Our results are similar to those reported for Cancer and Leu-
kemia Group B (CALGB) 9741 trial (5). This study compared
sequential doxorubicin, paclitaxel, and cyclophosphamide with
concurrent doxorubicin and cyclophosphamide followed by
paclitaxel, each regimen administered every 3 weeks or every
2 weeks with filgrastim, and reported that the 2-week schedule
was well tolerated, with no excess cases of leukemia, fewer cases
of neutropenia, but more cases of anemia than with the 3-week
schedule.

Our study was substantially underpowered to detect the
planned risk reduction. With 222 recorded deaths and 359 re-
corded events, our study had an 80% power to detect a reduction
in the hazard of death of 32% and a reduction in the hazard of an
event of 26%, compared with the planned target difference of a 20%
reduction in the hazard of death. This reduced statistical power
resulted only partially from the fact that accrual was closed after
4.5 years when 1214 patients, instead of the planned 1400 pa-
tients, had been randomly assigned to a treatment arm. The pri-
mary reason for the low statistical power was that the mortality

Years

Years

N° pts at risk
FEC,, 354 330 299 275 251 228 192 147 88 55 26
FEC21 390 372 345 312 290 264 229 192 129 74 29

rate in our study population was much lower than we expected in
1991. When the study was planned, we assumed a 5-year sur-
vival of 65%—70% in the control group on the basis of our previ-
ous studies on similar patient populations and on estimates of the
survival of patients with early breast cancer. However, the 5-year
survival that we observed in our control group was 89%, which
reflects the prognosis of breast cancer patients treated in the late
1990s and which corresponds to a death rate of approximately
one-third of that expected.

Among the patient population, a 13% reduced risk of death
was associated with the FECj4 regimen, compared with the
FEC;; regimen (HR = 0.87; 95% CI = 0.67 to 1.13). This value
corresponded to an absolute improvement of 2% at a median
survival of 10 years. This survival benefit did not reach statistical
significance and appears lower than the 31% reduction in the
risk of death reported in the CALGB 9741 study at 3 years of
follow-up (5). However, analysis of more recent data from the
CALGB 9741 trial at 5 years of follow-up (79) found that the
strength of the association between overall survival and dose-
dense therapy was much more modest. In that update, the propor-
tional benefit associated with dose-dense therapy was 22% among

A Hormonal receptors negative B Hormonal receptors positive
100 100
90 90
. ) ‘ o 80 80
Fig. 4. Kaplan-Meier curves of event-free survival @ 8
by hormone receptor status. A) Patients with a L 70 w 70
negative hormone receptor status for both estrogen E 60 T 60
. . o)
receptor and progesterone receptors. B) Patients with |3 >
a positive hormone receptor status for at least one < 50 . "'C" 50 FEC FEC
hormone receptor. FEC = fluorouracil, epirubicin, -g 40 FECy, FEC _g 40 14 21
and cyclophosphamide; FECj4 = FEC treatment g Years N EFS 95%CI N EFS 95% ClI o Years N EFS 95% CI N EFS 95% CI
with 14 days between treatment cycles; FECj © 301 s 128 75 (69-81) 113 71 (64-77) 8 301 5 223 81 (76-85) 230 83 (79-87)
= FEC treatment with 21 days between treatment O o0l 10 18 67 (58-76) 14 46 (35:58) o 20 10 27 62 (53-70) 28 63 (55-71)
cycles. N = number of patients at risk; EFS = event-
free survival, with 95% confidence interval (CI) 10 FEC,, 10 FEC,4
in parentheses. P values from log-rank test (two- 0 pz003 L FEC,, 0 po0go FEC,,
sided) =.03 (A) and .60 (B). 01 2 3 4 5 6 7 8 9 10 01 2 3 4 5 6 7 8 9 10
Years Years

N° pts at risk
FEC14 203 189 168 153 138 128 106 86 60 43 18
FEC21 193 182 163 136 121 113 96 79 55 35 14
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estrogen receptor—negative patients and only 1% among estrogen
receptor—positive patients (who made up 67% of the patients in
that study). Thus, risk reduction in the patient population in that
trial was in the range of 10%—20%, which is similar to the range
that we observed. Although our study did not have enough statis-
tical power to investigate associations in subsets, we found evi-
dence that the dose-dense strategy was selectively associated
with improved outcome among estrogen receptor—negative
patients (a 20% reduction in risk), compared with that among
estrogen receptor—positive patients (a 2% reduction of risk).

Results of other exploratory subset analyses are also of inter-
est. The benefit associated with the dose-dense FEC14 regimen
appeared to be restricted largely to patients younger than 50
years; these patients had a statistically significant 34% reduced
risk of recurrence (HR = 0.66, 95% CI = 0.46 to 0.94) and a
non-statistically significant 27% reduced risk of death (HR =
0.73, 95% CI = 0.46 to 1.16). This greater efficacy seems not to
be mediated by a greater activity of FEC14 in suppressing ovarian
function, because the rate of chemotherapy-induced amenorrhea
was virtually identical in the two arms. It can be hypothesized
that dose-dense FEC4 chemotherapy works well in the subsets
of patients generally defined as sensitive to chemotherapy; this
group includes young patients (20)) with a negative hormone
receptor status (2/) or with tumors that have a high rate of pro-
liferation (22). Our data suggest that the best candidates for dose-
dense anthracycline-based chemotherapy may be patients with at
least one of the following characteristics: young age, negative
hormone receptor status, or high proliferative rate.

Our updated analysis on the association between HER2 over-
expression and the efficacy of dose-dense therapy reinforced
previously reported results (74) that the benefit of dose-dense
chemotherapy appears to be restricted to HER2-positive patients.
At a 10.4-year follow-up, a statistically significant absolute im-
provement of 28% in event-free survival was associated with the
FEC 14 regimen, compared with the FEC;| regimen. An improve-
ment in overall survival associated with the FEC4 regimen was
also observed in this subgroup, although it was not statistically
significant. The outcome among HER2-negative patients was
similar between the FEC14 arm and the FEC,; arm. The hypoth-
esis that dose-dense therapy is effective in HER2-positive tumors
appears to be biologically plausible. If HER2 overexpression is
associated with more aggressive and rapidly proliferating tumors
(23) and if the proliferation of cancer cells between cycles of
chemotherapy is more rapid in these tumors, then administration
of an accelerated or dose-dense chemotherapy regimen might
have increased efficacy.

In addition to its reduced statistical power, our trial had other
limitations. First, the trial was designed and conducted according
to the information that was available in 1991. The trial sample
size was not adequate because a 20% risk reduction was the
upper limit of a realistic survival benefit that might be expected
with a 50% increase in dose density from the FEC;; arm to the
FECi4 arm. A second weakness of our trial was that the epirubi-
cin dose used in the FEC regimen (i.e., 60 mg/m?) was less than
the current standard epirubicin dose of 100 mg/m2. However,
when our study was being planned, data on the superiority of
higher doses of epirubicin were not available (4), and the FEC
regimen containing epirubicin at 60 mg/m? was commonly used
also by other groups (24,25). In any case, the dose of epirubicin
was the same in both arms and thus should not affect the results
of this study.
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In conclusion, at a median follow-up of 10.4 years, our results
support the long-term safety of the FEC4 dose-dense chemo-
therapy regimen with filgrastim support as an adjuvant treatment
for breast cancer. The dose-dense strategy was not statistically
significantly associated with improved outcome, but, because of
the limited statistical power of our study and the trend for an
improved outcome observed, we cannot rule out the possibility
of a modestly improved outcome. Exploratory subset analyses
indicate that the dose-dense FEC4 regimen may be associated
with an improved clinical outcome, particularly among younger
patients, HER2-positive patients, chemosensitive patients (such
as those with tumors that are negative for both estrogen and
progesterone receptors), and patients whose tumors have high
proliferative activity.

APPENDIX

The following centers and investigators participated: Istituto
Nazionale per la Ricerca sul Cancro, Oncologia Medica A, Genova,
Italy, Ornella Garrone and Marina Bergaglio; Azienda Ospedaliera C.
Poma, Mantova, Italy, Beatrice Vivorio and Carla Rabbi; Ospedale
Universitario S. Chiara, Pisa, Italy, Tiziana Prochilo; Ospedali
Galliera, Genova, Italy, Mauro D’Amico; Azienda Ospedaliera di
Sassari, Sassari, Italy, Nina Olmeo and Antonia Deriu; ASL 19,
Ospedale Civile, Asti, Italy, Lorena Giaretto; Ospedale S. Paolo,
Savona, Italy, Gisella Pastorino and Maria Cristina Martini; Ospedale
S. Andrea, La Spezia, Italy, Antonella Vigani; .LR.C.C.S. Ospedale S.
Raffaele, Milano, Italy, Daniela Aldrighetti and Angelo Bolognesi;
ASL 4-Liguria, Sestri Levante (GE), Italy, Andrea Lavarello and
Ornella Sanguineti; ASL 21-Ospedale S. Spirito, Casale Monferrato
(AL), Italy, Bruno Castagneto and Mario Botta; ASL 1, Massa Carrara,
Italy, Savigliana Venturini and Spinelli Italo; Presidio Ospedaliero
A. Businco, Cagliari, Italy, Vittorio Mascia and Efisio Defraia; A.S.S.
N°1 Triestina, Trieste, Italy, Giorgio Mustacchi and Rita Ceccherini;
ASL 18, Alba-Bra, Cuneo, Italy, Gianfranco Porcile and Mario
Franchini; Ospedale Santa Corona, Pietra Ligure (SV), Italy, Ugo
Folco and Cinzia Naso; Ospedale Sampierdarena, Genova, Italy, Elio
Paganini and Francesco Tata; Ospedale Civile, Sanremo, Italy,
Domenico Guarneri and Elisabetta Campora; Istituto Nazionale per la
Ricerca sul Cancro, Oncologia Medica B, Genova, Italy, Francesco;
Boccardo and Domenico Amoroso; Ospedale di Merate, ASL-Lecco,
Merate, Italy, Stefano Banducci and Maurizio Ilaria; and USL 8,
Arezzo, Italy, Paolo Ghezzi and Simonetta Magnanini.
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