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BACKGROUND. According to the overview of Early Breast Cancer Trialists’ Collab-

orative Group, anthracycline containing regimens are superior to cyclophospha-

mide, methotrexate, and 5–fluorouracil (CMF) as adjuvant chemotherapy for

breast carcinoma, but no comparative information is available in terms of primary

chemotherapy. In the current randomized controlled trial, the authors compared

CMF with a chemotherapy regimen including CMF, epirubicin, and vincristine

(CMFEV).

METHODS. Two hundred eleven patients with Stages I and II palpable breast

carcinoma and tumor diameter � 2.5 cm or � 2.5 cm with cytologically proven

axillary lymph node involvement were randomized to receive CMF (arm A) or

CMFEV regimen (arm B) for four cycles before surgery. After surgery, patients in

both arms received adjuvant CMF for three cycles; the postmenopausal patients

also received tamoxifen for two years.

RESULTS. There were no significant differences in the complete response (CR) and

in the CR plus partial response (PR) rates between the two arms. In the subset

analysis, among premenopausal patients, significantly higher rates of CR (26% vs

4%, P � 0.004) and of CR � PR rates (80% vs 54%, P � 0.007) were observed in the

CMFEV, as compared to the CMF arm. Multivariate analysis confirmed the pres-

ence of a significant interaction between menopausal status and type of treatment

on the probability of achieving CR (P � 0.02) or CR � PR (P � 0.01). There were no

major differences in the side effects of the two treatments, with the exception of

more frequent alopecia in the experimental arm.

CONCLUSIONS. The results of the current study are in line with those of previous

published randomized clinical trials comparing regimens without and with anthra-

cycline as adjuvant treatment, indicating an agreement between the short term

response to primary chemotherapy and the long term results observed in the

adjuvant setting. Cancer 2002;95:228 –35. © 2002 American Cancer Society.
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Primary chemotherapy was first developed as a means of tumor
reduction in locally advanced breast carcinoma and later widely

adopted as a conventional treatment for this disease stage, despite the
fact that no randomized studies documented its efficacy in improving
survival. More recently it has been used in the treatment of operable
breast carcinoma with the aim of favoring conservative surgical pro-
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cedures. Response to primary chemotherapy can be
used to predict the individual chemosensitivity of
breast carcinomas in vivo, and it has recently been
recognized as providing prognostic information con-
cerning the achievement of a complete response
(CR).1,2

Primary chemotherapy can also be used as a
model for comparing the activity of different drugs or
combinations. It has been reported that anthracycline
containing regimens are superior to cyclophospha-
mide, methotrexate, 5-fluorouracil (CMF) in advanced
disease in terms of response rates and, less consis-
tently, survival,3–7 furthermore, when given in the ad-
juvant setting, those regimens have also been shown
to reduce the risk of recurrence and death.8 However,
to the best of our knowledge, there is no information
in the literature concerning the relative merits of CMF
versus anthracycline containing combinations as pri-
mary treatments.

The aim of the current prospective randomized
controlled trial was to compare CMF with a regimen
including the same agents plus epirubicin and vincris-
tine as primary chemotherapy in operable breast car-
cinoma. The primary endpoints were complete re-
sponse (CR) and CR � partial response (PR) rates.
Results in term of outcome (relapse free survival, over-
all survival) will be reported separately.

PATIENTS AND METHODS
Eligibility Criteria, Diagnosis and Staging
The main eligibility criteria were: a palpable tumor
mass � 2.5 cm or a palpable tumor mass � 2.5 cm
with a cytologically-proven positive axillary node in-
volvement; clinical Stage I or II according to the Amer-
ican Joint Committee on Cancer/International Union
Against Cancer;9,10 age � 70 years; the absence of
distant metastases following a complete staging pro-
cess that included a physical examination, chest X-ray,
bone scan, liver echography, or computed tomogra-
phy; the absence of additional primary tumors; and
adequate bone marrow, kidney, liver, and heart func-
tion. Clinical Stage III tumors, i.e. T3 N1, or T4 any N,
or any T N2, were not eligible.

Conservative surgery was not included among the
endpoints of the current study because even patients
for whom there was no initial indication for a conser-
vative surgical approach (i.e. multicentric, multifocal
tumors) were eligible.

The diagnosis of breast carcinoma was made on
the basis of the results of a fine needle aspiration
(FNA) biopsy. Tru-cut or small incisional opening bi-
opsy techniques were initially allowed, but they were
discouraged within a few months on the ground that
they might interfere with the clinical and pathologic

assessment of response. We considered negligible the
probability of occurrence of an in situ histology, not
assessable with FNA, in palpable tumors. In order to
include as many patients as possible with proven ax-
illary lymph node involvement, ultrasound-guided
FNA cytology was performed. At the time of the initial
FNA biopsy, some biologic tumor parameters (estro-
gen and progesterone receptor, Ki 67) were deter-
mined using immunocytochemic techniques and
tested for their ability to predict response to chemo-
therapy in a parallel study. All patients underwent
complete hemogram, blood chemistry, and electro-
cardiographic examinations.

The study protocol was approved by the Ethics
Committees of the participating institutions, and all of
the patients gave informed consent.

Study Design and Treatment
This was a multi-institutional study carried out by the
Medical Oncology Units of Parma, Reggio Emilia,
Terni, Perugia, Piacenza, and Fermo of the Italian
Oncology Group for Clinical Research (GOIRC); Parma
and Reggio Emilia contributed the vast majority (93%)
of the enrolled patients. The study design is shown in
Figure 1.

The patients were centrally randomized via a tele-
phone call to the operations office of the GOIRC in
Parma. Allocation was made within strata defined by
institution, menopausal status (premenopausal vs
postmenopausal), clinical tumor diameter (� 3.5 vs
� 3.5 cm), and clinical axillary nodal status (negative
vs positive). Patients were assigned to receive four
cycles of CMF (arm A) or four cycles of CMFEV (arm
B), and then, after evaluation of clinical response,
patients underwent surgery (quadrantectomy and ax-
illary dissection, or mastectomy and axillary dissec-
tion), thus allowing the assessment of pathologic com-
plete response (pCR) in all patients. The patients in
both arms received the same adjuvant chemotherapy
(CMF for three cycles); those who were postmeno-
pausal also received oral tamoxifen 20 mg per day for
two years.

The CMF combination (Table 1) consisted of

FIGURE 1. Design of the study.
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monthly cycles of cyclophosphamide 600 mg/m2 in-
travenously (iv), Days 1 and 8; methotrexate 40 mg/m2

iv, Days 1 and 8; and 5-fluorouracil 600 mg/m2 iv,
Days 1 and 8. In the CMFEV group, epirubicin (E)
and vincristine (V) were added in such a way that
each of the four cycles were administered as four
drug combinations by means of the sequential
omission of E, F, M and C (thus effectively becoming
CMFV, CMEV, CFEV, and MFEV). The CMF doses
and times of administration were the same as those
used in arm A; the doses of epirubicin and vincris-
tine were 40 mg/m2 iv (Days 1 and 8) and 1.4 mg/m2

iv (Day 1), respectively.
Blood chemistry and liver function tests were re-

peated on Day 1 of each cycle; complete blood cell
counts were obtained on Days 1 and 8. On Day 1,
treatment was delayed by one week if the white blood
cell (WBC) count was lower than 4,000/m2 and/or the
platelet count was lower than 120,000/m2. On Day 1
after the one week delay, and on Day 8, the dosages of
C, M, F, and E were reduced by 30% when the WBC
count ranged from 3,900 to 3,600 and/or the platelet
count ranged from 119,000 to 100,000, and by 50%

when the WBC count ranged from 3,500 to 2,500
and/or the platelet count ranged from 99,000 to
70,000. No drugs were administered when the WBC
count was less than 2,500 and/or the platelet count
was less than 70,000. No dose reductions were
planned for vincristine. Cardiotoxicity was monitored
on the basis of the baseline radionuclide ejection frac-
tion and electrocardiograms before each cycle given to
the patients assigned to arm B.

Response and Toxicity Criteria
Objective responses were assessed just prior to sur-
gery using the World Health Organization criteria
(WHO).11 All patients underwent both a clinical exam-
ination and mammography, and, in the case of dis-
agreement, the previously described criteria for attrib-
uting the final response were used.12 The pathologic
response was assessed at time of surgery. A pathologic
complete response meant the absence of any residual
infiltrating or noninfiltrating tumor in the breast and
axilla. The toxicity grades were evaluated according to
the WHO criteria11 and the patients classified by the
worst degree of treatment complication.

Statistical Methods
With the number of patients actually enrolled, the
study had a power of 75% to detect an increase in the
rate of CR of about 15% and a power of approximately
90% to detect an increase in the rate of CR � PR of
about 20% in the experimental arm over estimated
values in the CMF arm of 15% and 60%, respectively,
at a 5% two-sided level of significance.

The chi–square test and Fisher exact test were
used to compare the distribution of patients’ charac-
teristics, the rates of response, and toxicities in the two
treatment groups. To assess the presence of a signifi-
cant influence of menopausal status on the activity of
the experimental treatment, the multivariate logistic
regression model was used,13 including in the model
the appropriate interaction terms between treatment
and menopausal status.

Patients not eligible and mistakenly randomized
were excluded from the analyses. Due to the explan-
atory objectives of this trial at assessing response
rates, patients eligible but nonevaluable for response
were also excluded from the evaluation of response.

All randomized patients will be included in the
evaluation of long term outcome according to the
intention to treat principle. We used SPSS (Chicago,
IL) software in all analyses.

RESULTS
Between November 1990 and April 1995, 211 patients
were randomized to CMF (107) or to CMFEV (104). Six

TABLE 1
Doses and Schedules

CMF
Cyclophosphamide 600 mg/m2, iv short infusion Days 1 and 8
Methotrexate 40 mg/m2, iv bolus Days 1 and 8
Fluorouracil 600 mg/m2, iv bolus Days 1 and 8

(every 4 weeks)
CMFEV (rotational)
CMFV combination
Cyclophosphamide 600 mg/m2, iv short infusion Days 1 and 8
Methotrexate 40 mg/m2, iv bolus Days 1 and 8
Fluorouracil 600 mg/m2, iv bolus Days 1 and 8
Vincristine 1.4 mg/m2, iv bolus Day 1

(every 4 weeks)
CMEV combination
Cyclophosphamide 600 mg/m2, iv short infusion Days 1 and 8
Methotrexate 40 mg/m2, iv bolus Days 1 and 8
Epirubicin 40 mg/m2, iv bolus Days 1 and 8
Vincristine 1.4 mg/m2, iv bolus Day 1

(every 4 weeks)
CFEV combination
Cyclophosphamide 600 mg/m2, iv short infusion Days 1 and 8
Fluorouracil 600 mg/m2, iv bolus Days 1 and 8
Epirubicin 40 mg/m2, iv bolus Days 1 and 8
Vincristine 1.4 mg/m2, iv bolus Day 1

(every 4 weeks)
MFEV combination
Methotrexate 40 mg/m2, iv bolus Days 1 and 8
Fluorouracil 600 mg/m2, iv bolus Days 1 and 8
Epirubicin 40 mg/m2, iv bolus Days 1 and 8
Vincristine 1.4 mg/m2, iv bolus Day 1

(every 4 weeks)

iv: intravenously.
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patients were not eligible: four in the CMF (all with
Stage III disease) and two in the CMFEV group (one
aged � 70 years, and one with distant metastases).

Table 2 shows the characteristics of the 205 eligi-
ble patients by treatment arm. There were only negli-
gible differences between the two groups. About half
of the patients were premenopausal. Given the eligi-
bility criteria, only a small proportion of the patients
in each arm had a tumor diameter � 2.5 cm (i.e., those
having cytologically proven axillary involvement as
the only eligibility criterion; 10% and 13%, respec-
tively) or more than 5 cm (i.e., those having T3 N0, or
Stage II B tumors; 7% and 7%, respectively); axillary
status was considered clinically positive in 38% of the
patients and proven to be positive by FNA cytology in
57 of the 205 eligible patients (28%). About 35% of the
patients had estrogen receptor negative tumors. Eight
patients were not evaluable for response to primary
chemotherapy: four on CMF (two were lost to fol-
lowup and two refused further chemotherapy after the
first cycle), and four on CMFEV (one was lost after
randomization, and three refused further chemother-
apy after the first cycle). A total of 197 patients (99 on
CMF, 98 on CMFEV) were therefore evaluable for re-
sponse.

Table 3 shows the response rates by chemother-
apy regimen. Among patients treated with CMFEV,
higher rates of CR (21% vs 12%, P � 0.08), of CR � PR

(73% vs 66%, P � 0.23), and of pCR (6% vs 2%, P
� 0.16) were seen, but none of these differences
achieved statistical significance.

Table 4 shows the pathologic axillary response in
the 57 patients with cytologically proven axillary node
involvement prior to the start of chemotherapy.
Pathologic downstaging from Stage II to Stage I dis-
ease was much more frequent in the 31 patients
treated with CMFEV than in the 26 patients treated
with CMF (23% vs 4%, P � 0.059).

Table 5 shows the subgroup exploratory analysis
by menopausal status. In premenopausal patients, the
percentages of CRs and the percentages of CRs � PRs
were significantly greater in the patients treated with
CMFEV than with CMF (26% vs 4%, P � 0.004, and
80% vs 54%, P � 0.007, respectively). A higher propor-
tion of pCRs was also observed (8% vs 0%, respec-
tively). Conversely, among postmenopausal patients,
no significant differences were observed in the per-
centages of CRs (19% vs 17%, P � 0.77) and of CRs
� PRs (75% vs 67%, P � 0.32).

TABLE 2
Characteristics of the Eligible Patients by Treatment Arm

Characteristics

CMF CMFEV

No. % No. %

Total no. 103 102
Age

Median 52 52
Range 32–69 27–69

Menopausal status
Premenopause 46 45 51 50
Postmenopause 57 55 51 50

Clinical tumor size
� 2.5 cm 10 10 13 13
2.6–3.5 cm 43 42 41 40
3.6–5.0 cm 40 39 40 39
�5 cm 8 7 7 7
unknown 2 2 1 1

Clinical axillary nodal status
Negative 68 66 59 58
Positive 35 34 43 42

Estrogen receptor status
Positive 59 57 54 51
Negative 35 34 37 36
Unknown 9 9 11 13

C: cyclophosphamide; M: methotrexate; F: 5–fluorouracil; E: epirubicin; V: vincristine.

TABLE 3
Response to Treatment

Efficacy variable

CMF (n � 99) CMFEV (n � 98)

No. % No. %

CR 12 12 21 21
95% CI (%) 6–18 13–29
PR 53 54 51 52
No change 32 32 24 25
Progression 2 2 2 2
Overall objective responsea 65 66 72 73
95% CI(%) 57–75 69–82
Pathologic CRb 2 2 6 6

C: cyclophosphamide; M: methotrexate; F: 5–fluorouracil; E: epirubicin; V: vincristine; CR: complete

response; Cl: confidence interval; PR: partial response.
a CR � PR
b Assessed in 98 and 97 patients, respectively.

TABLE 4
Pathologic Axillary Response in Patients with Baseline Cytologically
Positive Lymph Nodes

Response

CMF
(n � 26)

CMFEV
(n � 31)

Total
(n � 57)

No. % No. % No. %

Axillary node positive
at surgery 25 96 24 77 49 86

Axillary node
negative at surgery 1* 4 7a 23 8 14

C: cyclophosphamide; M: methotrexate; F: 5–fluorouracil; E: epirubicin; V: vincristine.
a P � 0.059
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There were no significant differences between
CMFEV and CMF in terms of objective response rates
(CR � PR) in relation to tumor diameter (� 3.5 or
� 3.5 cm: 76% vs 65% and 72% vs 65%) or clinically
negative or positive axillary node status (73% vs 59%
and 74% vs 66%).

To formally assess the modifying effect of meno-
pausal status on the relative activity of either chemo-
therapy regimen, two multivariate logistic models
were fitted to the data, with probability of complete
response and of overall objective response as depen-
dent variables, and menopausal status, type of che-
motherapy and the interaction term as covariates. The
results of these analyses are shown in Tables 6 and 7
and indicate the presence of a significant interaction
between menopausal status and type of chemother-
apy in determining the probability of achieving com-
plete response (odds ratio [OR] � 0.11, 95% confi-
dence interval [C I] 0.02 to 0.71, P � 0.02) and overall
objective response (OR � 0.19, 95% CI 0.05 to 0.68, P
� 0.01). As a consequence of this interaction, the in-
creased activity seen in premenopausal women with the
anthracycline-containing regimen CMFEV in terms of
complete response (OR � 7.7; 95% CI 1.6 to 36.3) and of

overall objective response (OR � 3.4; 95% C I 1.4 to 8.3)
was not seen in postmenopausal women. Surprisingly,
among women treated with CMF, response rates were
higher among postmenopausal than among premeno-
pausal women (OR � 5.1, 95% C I 1.1–24.6 and OR � 2.6,
95% CI 1.1–6.1 for complete responses and overall re-
sponses, respectively).

At the time of surgery, 52% of the CMF and 58% of
the CMFEV patients had axillary node involvement.
Overall, a large proportion of the patients had 4 or
more positive nodes (27%), and a small but not neg-
ligible proportion had 10 or more (9%). There was no
significant difference between the two treatment
groups in terms of any of the node status categories.
The axillary node status was unknown in two cases.

Although the protocol did not include any specific
guidelines concerning the type of surgery, the general
approach was to perform conservative surgery when-
ever the surgical tumor diameter was � 2.5 cm. A total
of 58% of the patients underwent conservative surgery
(55% of those treated with CMF and 62% of those
treated with CMFEV).

Both treatments were reasonably well tolerated
(Table 8). Hematologic toxicity was similar in the two
groups, but alopecia was more frequent and severe in
the patients receiving CMFEV (P � 0.0005); mild mu-
cositis (P � 0.023) and mild neurologic side effects (P
� 0.0005) were slightly more frequent in the same
group. There was no difference in the incidence of
chemically induced amenorrhea between the two
arms (79% versus 76%).

TABLE 5
Response to Treatment by Menopausal Status

CMF CMFEV

No. % No. %

Premenopause
Total 46 100 50 100
CR 2a 4 13a 26
95% CI (%) 0–10 14–38
PR 23 50 27 54
No change 20 44 8 16
Progression 1 2 2 4
Overall objective response 25b 54 40b 80
95% CI (%) 40–68 69–91
Pathologic CR 0 0 4 8
Postmenopause
Total 53 100 48 100
CR 10 19 8 17
95% CI (%) 8–50 6–28
PR 30 56 24 50
No change 12 22 16 33
Progression 1 2 0 0
Overall objective response 40 75 32 67
95% CI (%)
Pathologic CR 2c 4 2c 4

C: cyclophosphamide; M: methotrexate; P: 5–fluorouracil; E: epirubicin; V: vincristine; CR: complete

response; CI: confidence interval; PR: partial response.
a P � 0.004
b P � 0.007
c Assessed in 52 and 47 patients, respectively.

TABLE 6
Probability of Complete Response: Results of Multivariate Logistic
Regression Analysis

Factor Odds ratio 95% CI P

Treatment (CMFEV vs CMF) 7.7 1.6 – 36.3 0.01
Menopausal status (post vs pre) 5.1 1.1 – 24.6 0.04
Interaction (CMFEV � post) 0.11 0.02 – 0.71 0.02

CI: confidence interval; C: cyclophosphamide; M: methotrexate; F: 5–fluorouracil; E: epirubicin; V:

vincristine.

TABLE 7
Probability of Objective Response: Results of Multivariate Logistic
Regression Analysis

Factor Odds ratio 95% CI P

Treatment (CMFEV vs CMF) 3.4 1.4 – 8.3 0.01
Menopausal status (post vs pre) 2.6 1.1 – 6.1 0.03
Interaction (CMFEV � post) 0.19 0.05 – 0.68 0.01

CI: confidence interval; C: cyclophosphamide; M: methotrexate; F: 5–fluorouracil; E: epirubicin; V:

vincristine.
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The feasibility of the two chemotherapy programs
was confirmed by the high proportion of the planned
cycles that were actually administered: 98.7% of the
396 planned CMF cycles and 98.5% of the 392 planned
CMFEV cycles.

DISCUSSION
The CMFEV regimen used in the current trial is an
innovative schedule aimed at administering five par-
tially or totally noncross-resistant cytotoxic agents,
first designed and tested by our group as a means of
late intensification after CMF in metastatic disease,14

and whose rotational strategy is different from that of
alternating or sequential schemes. All five agents are
administered at full dose, but, to avoid excessive tox-
icity and consequent dose reductions, each cycle in-
volves the administration of only four drugs, always
including vincristine, and is organized in such a way
that only three among the four potentially myelotoxic
drugs (C, M, F, E) are rotatively included (CMFV,
CMEV, CFEV, MFEV); the planned dosages of C, M, F,
and E in each cycle were therefore either 100% or 0%.

Vincristine was empirically included to continue
our previously tested policy in advanced disease. It is
active as a single agent in metastatic breast carcinoma
and was included in the historically important CMFVP
regimen designed by Cooper to treat metastatic dis-
ease15 and also repeatedly administered in an adju-
vant setting. A few studies have reported a statistically
significant superiority of the CMFVP regimen over
CMF in the adjuvant setting.16,17 However, there is no
proof that vincristine offers any additional activity

when included in multi-drug combinations for the
treatment of advanced disease.18 On the basis of the
available results, we very much doubt that its presence
had any real impact on the current results.

In the current study, although the CMFEV regi-
men did not offer an overall significant advantage over
CMF in terms of objective response, it was associated
with an increase in the rate of CRs and with a more
frequent downstaging from pathologically positive to
pathologically negative axilla (23% vs 4%, P � 0.059).
Moreover, a statistically significant interaction be-
tween type of treatment and menopausal status was
seen, with the anthracycline-containing regimen
greatly favoring the achievement of CR and CR � PR
only in premenopausal patients.

To the best of our knowledge, only a few previous
randomized trials involving women with operable
breast carcinoma have compared different types of
primary chemotherapy in terms of clinical and patho-
logic response, none of which compared CMF with an
anthracycline-containing regimen. A comparative ap-
proach in the primary chemotherapy setting should be
encouraged because it allows differences in short term
effects to be directly assessed in a much shorter period
of time than that needed to assess long term effects in
the adjuvant setting. In fact, both adjuvant and pri-
mary chemotherapy provide a systemic approach to
the control of micrometastatic disease,19 and CR and
particularly pCR rates correlate with a better out-
come.1,2 On this basis, if a given chemotherapy is
shown to be more active than another one in these
terms, it is possibly associated with a better outcome.

The current study has two particular characteris-
tics: the first is that the strategy used in the experi-
mental treatment, retained all three agents of the CMF
combination, in addition to anthracycline; the second
is that the results showed a selective advantage in
premenopausal patients. To discuss the potential
meaning of these two particular characteristics, we
cannot rely on similar studies in the primary chemo-
therapy setting (because they are not available), but
we can consider by analogy previous randomized
studies in the adjuvant setting.

With respect to the first aspect, an analysis of the
available randomized studies of adjuvant chemother-
apy comparing regimens with and without anthracy-
cline suggests that it is important to retain in the
experimental arm all or most of the agents making up
the reference treatment; if this is not the case, the
potentially positive effect of the addition of anthracy-
cline may not be revealed. In fact, all of the so-called
positive studies (i.e., those showing differences in out-
come in favor of the anthracycline-containing regi-
men, globally or in one or other of the sub-groups)

TABLE 8
Side Effects

CMF (n � 97) CMFEV (n � 96)

Grade (%) Grade (%)

0 1 2 3 4 0 1 2 3 4

Hematologic
WBC 46 34 16 3 1 50 26 10 12 2
PLT 94 4 2 0 0 94 4 2 0 0
HB 85 12 3 0 0 70 24 5 1 0

Nonhematologic
Nausea/vomiting 35 30 27 8 0 41 21 30 8 0
Diarrhea 93 6 1 0 0 95 4 1 0 0
Mucositis 83 11 4 2 0 64 19 11 6 0
Neurologic 99 1 0 0 0 81 16 3 0 0
Alopecia 52 20 15 13 0 28 7 16 49 0

Amenorrhea 79 76

C: cyclophosphamide; M: methotrexate; F: 5–fluorourocil; E: epirubicin; V: vircristine; WBC: white

blood cell.
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have this characteristic,20 –27 whereas the negative
studies (those not showing differences) include those
in which the experimental arm did not retain any28 or
retained only one of the drugs administered in the
reference arm.29 –34 In the case of the studies in which
CMF was the reference treatment, the only positive
studies used FEC or FAC (i.e., at least two of the drugs
in the CMF combination) in the experimental arm,
whereas the negative studies used only anthracycline
(i.e., none of the CMF drugs) or the combinations AC
or EC (i.e., only one of the CMF drugs). Moreover, in a
systematic review concerning the medical treatment
of advanced disease, a significant survival advantage
by the addition of anthracycline was found only in
randomized trials in which the experimental arm in-
cluded anthracycline plus all, or a minimum of two,
agents included in the comparison arm.35 On the basis
of these considerations, our experimental combina-
tion CMFEV (or possibly the combination CMFE),
which retains all three drugs of the CMF combination,
should also be optimal for testing in an adjuvant set-
ting. In this light, a randomized study comparing CMF
with this rotational CMFEV in the adjuvant setting was
carried out by the GOIRC Group; the results will be-
come available soon.

With regard to the second noteworthy finding of
the current trial, analysis of some of the available
randomized studies of adjuvant chemotherapy sug-
gests that anthracycline-containing regimens may be
more efficacious only in premenopausal or relatively
younger women. First, the Oncofrance study, which
compared CMF with the FACV combination, reported
significantly positive overall results, but subgroup
analysis showed that only premenopausal patients
contributed to these results.26 Second, a Scandinavian
study comparing CMF with the FEC combination re-
ported significantly positive results in premenopausal
but not in postmenopausal patients.27 Finally, the ap-
parently contradictory results reported by the NSABP
Group in their B-11 (positive) and B-12 (negative)
studies, which both used 1-PAM plus fluorouracil
without and with doxorubicin (PF vs PAF), could be
explained by the fact that the first study enrolled a
majority of premenopausal patients, or at any rate
younger patients than those enrolled in the second
study.22

This discussion is intended to highlight the poten-
tial relevance of our strategy in designing and testing
the CMFEV combination as a primary chemotherapy
and to support the hypothesis that the current positive
results (selectively observed in premenopausal pa-
tients) may have been due to an underlying biologic
difference rather than chance. However, the current
study was not planned to assess the results selectively

by menopausal status, and the increased risk of de-
tecting false positive associations by making subgroup
analyses is well known; consequently, the current re-
sults can only be considered a suggestion for future
research.

To the best of our knowledge, this is the first time
a study has compared CMF with an anthracycline-
containing regimen as primary chemotherapy in op-
erable breast carcinoma, and therefore the first time
that favorable results have been reported in relation to
the latter. These data therefore allow us to bring to-
gether (albeit indirectly) the short term objective re-
sponse results obtainable in a neoadjuvant setting
with those demonstrable in the long term (i.e., DFS
and OS) in an adjuvant setting.8

REFERENCES
1. Fisher B, Bryant J, Wolmark N, et al. Effect of preoperative

chemotherapy on the outcome of women with operable
breast cancer. J Clin Oncol. 1998;16:2672–2685.

2. Wolff AC, Davidson NE. Primary systemic therapy in oper-
able breast cancer. J Clin Oncol. 2000;18:1558 –1569.

3. A’Hern RP, Smith IE, Ebbs SR. Chemotherapy and survival
in advanced breast cancer: the inclusion of doxorubicin in a
Cooper type regimen. Br J Cancer. 1993; 67:801– 805.

4. Aisner J, Weinberg V, Perloff M, et al. Chemotherapy versus
chemoimmunotherapy (CAF v CAFVP v CMF each � MER)
for metastatic carcinoma of the breast: a CALGB Study.
J Clin Oncol. 1987;5:1523–1533.

5. Cummings FJ, Gelman R, Horton J. Comparison of CAF
versus CMFP in metastatic breast cancer. Analysis of prog-
nostic factors. J Clin Oncol. 1985;3:932–940.

6. Smalley RV, Lefante J, Bartolucci A, Carpenter J, Vogel C,
Krauss S. A comparison of cyclophosphamide, adriamycin,
and 5-fluorouracil (CAF) and cyclophosphamide, metho-
trexate, 5-fluorouracil, vincristine, and prednisone (CMFVP)
in patients with advanced breast cancer. A Southeastern
Cancer Study Group Project. Breast Cancer Res Treat. 1983;
3:209 –220.

7. Tormey DC, Weinberg VE, Leone LA, et al. A comparison of
intermittent vs continuous and adriamycin vs methotrexate
5-drug chemotherapy for advanced breast cancer. A Cancer
and Leukemia Group B Study. Am J Clin Oncol. 1984;7:231–
239.

8. Polychemotherapy for early breast cancer: an overview of
the randomized trials. Early Breast Cancer Trialists’ Collab-
orative Group. Lancet. 1998;352:930 –942.

9. Fleming ID, Cooper JS, Henson DE, et al., editors. American
Joint Committee on Cancer staging manual. 5th ed. Phila-
delphia: JB Lippincott, 1997.

10. Sobin LH, Wittekind CH, editors. TNM classification of ma-
lignant tumours. 5th ed. New York: John Wiley & Sons, Inc.,
1997.

11. Miller AB, Hoogstraten B, Staquet M, Winkler A. Reporting
results of cancer treatment. Cancer. 1981;47:207–214.

12. Cocconi G, Di Blasio B, Bisagni G, Alberti G, Botti E, Anghi-
noni E. Neoadjuvant chemotherapy or chemotherapy and
endocrine therapy in locally advanced breast carcinoma.
Am J Clin Oncol. 1990;13:226 –232.

13. Cox DR. The regression analysis of binary sequences. J R Stat
Soc B. 1958;20:215–242.

234 CANCER July 15, 2002 / Volume 95 / Number 2



14. Cocconi G, Bisagni G, Bacchi M, et al. A comparison of
continuation versus late intensification followed by discon-
tinuation of chemotherapy in advanced breast cancer. A
prospective randomized trial of the Italian Oncology Group
for Clinical Research (GOIRC). Ann Oncol. 1990;1:36 – 44.

15. Cooper RG. Combination chemoptherapy in hormone-re-
sistant breast cancer. Proc Am Assoc Cancer Res. 1969;10:
15(abs).

16. Weiss RB, Tormey DC, Holland F, et al. A randomised trial of
postoperative five-versus three-drug chemotherapy after
mastectomy: a Cancer and Leukemia Group B (CALGB)
study. Recent Results Cancer Res. 1982;80;170 –176.

17. Tormey DC, Weinberg VE, Holland JF, et al. A randomized
trial of five and three drug chemotherapy and chemoimmu-
notherapy in women with operable node positive breast
cancer. A CALGB Study. J Clin Oncol. 1983;1:138 –145.

18. Steiner R, Stewart JF, Cantwell BM, Minton MJ, Knight RK,
Rubens RD. Adriamycin alone or combined with vincristine
in the treatment of advanced breast cancer. Eur J Cancer
Clin Oncol. 1983;19:1553–1557.

19. DeVita VT Jr. Primary chemotherapy can avoid mastectomy,
but there is more to it than that. J Natl Cancer Inst. 1990;82:
1522–1523.

20. Beuzeboc P, Mosseri V, Scholl S, et al. Adriamycin based
combination chemotherapy significantly improves overall
survival in high risk premenopausal breast cancer patients.
Breast Cancer Res Treat. 1991;11:166.

21. Coombes RC, Bliss JM, Wils J, et al. Adjuvant cyclophos-
phamide, methotrexate, and fluorouracil versus fluoroura-
cil, epirubicin, and cyclophosphamide chemotherapy in
premenopausal women with axillary node-positive operable
breast cancer: results of a randomized trial. J Clin Oncol.
1996; 14:35– 45.

22. Fisher B, Redmond C, Wickerham L, et al. Doxorubicin-
containing regimens for the treatment of Stage II breast
cancer: the National Surgical Adjuvant Breast and Bowel
Project experience. J Clin Oncol. 1989;7:572–582.

23. Hutchins JL, Green S, Ravdin P, et al. CMF versus CAF with
and without tamoxifen in high-risk node-negative breast
cancer patients and a natural history follow-up study in
low-risk node-negative patients: first results of intergroup
trial INT 0102. Proc Am Soc Clin Oncol. 1998;17:1a.

24. Levine M, Bramwell V, Pritchard KI, et al. Randomized trial
of intensive cyclophosphamide, epirubicin, and fluorouracil
chemotherapy compared with cyclophosphamide, metho-
trexate, and fluorouracil in premenopausal women with
node-positive breast cancer. J Clin Oncol. 1998;16:2651–
2659.

25. Martin M, Villar A, Solé-Calvo A, et al. FAC versus CMF as
adjuvant treatment for operable breast cancer: a GEICAM
study. Proc Am Soc Clin Oncol. 2001;20:32a.

26. Misset JL, di Palma M, Delgado M, et al. Adjuvant treatment

of node-positive breast cancer with cyclophosphamide,
doxorubicin, fluorouracil, and vincristine versus cyclophos-
phamide, methotrexate, and fluorouracil: final report after a
16-year median follow-up duration. J Clin Oncol. 1996;14:
1136 –1145.

27. Mouridsen HT, Andersen J, Andersson M, et al. Adjuvant
anthracycline in breast cancer. Improved outcome in pre-
menopausal patients following substitution of methotrexate
in the CMF combination with epirubicin. Proc Am Soc Clin
Oncol. 1999;18:68a.

28. Colozza M, Bisagni G, Mosconi AM, et al. Lack of benefit of
polychemotherapy (CMF) versus single-agent epirubicin (E)
in the adjuvant treatment of breast cancer. Proc Am Soc Clin
Oncol. 1997;16:142a.

29. Bang SM, Heo DS, Lee KH, et al. Adjuvant doxorubicin and
cyclophosphamide versus cyclophosphamide, methotrex-
ate, and 5-fluorouracil chemotherapy in premenopausal
women with axillary lymph node positive breast carcinoma.
Results of a randomised controlled trial. Cancer. 2000;89:
2521–2526.

30. Di Leo A, Larsimont D, Gancberg D, et al. HER-2 and topo-
isomerase IIalpha as predictive markers in a population of
node-positive breast cancer patients randomly treated with
adjuvant CMF or epirubicin plus cyclophosphamide. Ann
Oncol. 2001;12:1081–1089.

31. Fisher B, Brown AM, Dimitrov NV, et al. Two months of
doxorubicin-cyclophosphamide with and without interval
reinduction therapy compared with 6 months of cyclophos-
phamide, methotrexate, and fluorouracil in positive-node
breast cancer patients with tamoxifen-non responsive tu-
mors: results from the National Surgical Adjuvant Breast
and Bowel Project B-15. J Clin Oncol. 1990;8:1483–1496.

32. Fisher B, Anderson S, Tan-Chiu E, et al. Tamoxifen and
chemotherapy for axillary node-negative, estrogen receptor-
negative breast cancer: findings from National Surgical Ad-
juvant Breast and Bowel Project B-23. J Clin Oncol. 2001;19:
931–942.

33. Galligioni G, Cetto G, Nascimben O, et al. Adjuvant chemo-
therapy with high-dose epirubicin and cyclophosphamide
(EC) versus cyclophosphamide, methotrexate, fluorouracil
(CMF) in high risk premenopausal breast cancer patients
(pts). A prospective randomized trial. Proc Am Soc Clin
Oncol. 1997;16:145a.

34. Pribylova O, Petruzelca L, Fischer J, et al. Adjuvant chemo-
therapy of breast cancer with 4 cycles of cyclophosphamide,
methotrexate and 5-fluorouracil (CMF) versus 4 cycles of
doxorubicin and cyclophosphamide (AC) in equitoxic regi-
men. The comparative multicentric study. Proc Am Soc Clin
Oncol. 1999;18:100a.

35. Cocconi G. Chemotherapy with and without anthracycline.
J Clin Oncol. 2000;18:1392–1394.

Primary Chemotherapy in Operable Breast Carcinoma/Cocconi et al. 235


