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CLINICAL TRIAL

Randomized phase III trial of adjuvant epirubicin followed

by cyclophosphamide, methotrexate, and S-fluorouracil (CMF)
versus CMF followed by epirubicin in patients with node-negative
or 1-3 node-positive rapidly proliferating breast cancer
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Abstract Adjuvant cyclophosphamide, methotrexate,
and 5-fluorouracil (CMF) have proven highly effective in
rapidly proliferating breast cancer (RPBC). It has also been
seen that sequential administration of doxorubicin and
CMF is superior to their alternation, especially in indolent
tumors. In a phase III study, we evaluated whether adjuvant
epirubicin (E) followed by CMF is superior to the inverse
sequence in RPBC. Patients with node-negative or 1-3
node-positive RPBC (Thymidine Labeling Index > 3% or
histological grade 3 or S-phase > 10% or Ki67 > 20%)
were randomized to receive E (100 mg/m? i.v. d1, g21 days
for 4 cycles) followed by CMF (600, 40, 600 mg/m2 i.v. dl
and 8, q28 days for 4 cycles) (E - CMF) or CMF fol-
lowed by E (CMF — E) or CMF for 6 cycles. From
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November 1997 to December 2004, 1066 patients were
enrolled: E - CMF 440, CMF — E 438, and CMF 188.
At a median follow-up of 69 months, 5-year OS was 91%
(95% CI 88-94) for E - CMF and 93% (95% CI 90-95)
for CMF — E, with adjusted hazard ratio of 0.88 (95%
CI 0.58-1.35), and DFS was 80% in both arms, with
adjusted hazard ratio of 0.99 (95% CI 0.73-1.33, Cox
model). Adverse events were similar, apart from a higher
rate of neutropenia in the CMF — E arm. No important
differences in clinical outcome were observed between
the two different sequences, making both a valid option in
early breast cancer. Further molecular characterization of
the tumors might help to identify subgroups achieving
higher benefit from either sequence.
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Introduction

The interplay between tumor cell kinetics and type and
sequence of anticancer drugs affects the efficacy of adju-
vant chemotherapy. Tumor proliferation is a prognostic
marker in breast cancer [1] and affects response to che-
motherapy [2]. Antimetabolites act primarily in specific
cell cycle phases and are especially active in rapidly pro-
liferating tumors, as shown by the high efficacy of adjuvant
cyclophosphamide, methotrexate, and 5-fluorouracil
(CMF) in patients with node-negative, rapidly proliferating
breast cancer (RPBC) [3, 4]. Anthracyclines have com-
posite mechanisms of action whose contribution to their
activity in vivo is still not fully understood [5]: the inhi-
bition of topoisomerase-2 relies mainly on tumor cell
proliferation, whereas other mechanisms are less dependent
on proliferation.

The superiority of sequential over alternating regimens
was predicted by the model of Norton and Simon [6] and
confirmed in clinical trials of adjuvant chemotherapy for
breast cancer, demonstrating that the sequential adminis-
tration of 4 courses of doxorubicin followed by 8 courses
of CMF yields superior relapse-free and overall survival
(OS) rates compared with alternating administration of the
same regimens in patients at very high risk of recurrence on
the basis of nodal involvement [7]. It is therefore important
to establish which regimen should be used first. In a ret-
rospective analysis of the aforementioned trial, the benefit
of sequential doxorubicin—CMF was evident mainly in
patients with low-intermediate proliferating tumors [8].

We hypothesized that RPBC patients could benefit more
from the inverse sequence, receiving CMF first to kill the
subpopulation of highly proliferating cells and then the
anthracycline to kill the CMF-resistant, probably slowly
proliferating subpopulation. To test this hypothesis, we
compared the two sequences within a randomized trial.

Patients and methods
Study population

Patients were eligible if they had RPBC, as defined, in
order of importance, by thymidine labeling index (TLI)
>3% or histological grade 3 or S-phase >10% or Ki67/
MIB1 >20%. A cutoff of 3% for TLI has consistently
provided prognostic information in large series of patients
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with early breast cancer [9, 10]. With regard to S-phase, we
previously compared different cell kinetic variables in a
series of breast cancer specimens, observing that a median
S-phase of 10% corresponded to a median TLI of about 3%
[11]. Works on Ki67 are based on varying, often arbitrarily
chosen cutoffs, and we adopted the threshold of 20% on the
basis of literature data and also because it corresponded to
the intermediate value between the overall population
median and the median for grade 3 tumors in our series
[11]. Further eligibility criteria were: females <70 years of
age; histological diagnosis of invasive breast carcinoma of
any size with 1-3 positive axillary nodes or node-negative
tumors >1 cm; radical tumor resection; no evidence of
metastatic disease; white blood cell count >3500/ml or
neutrophils >1500/ml, platelets >120,000/ml, creati-
nine < the upper normal limit (UNL), transaminases and
bilirubin < 1.5 UNL. Patients gave their written informed
consent and women of child-bearing potential were
required to have a negative pregnancy test and to use
adequate contraceptive measures. Patients were ineligible
if they had a previous history of invasive breast cancer or
other previous or concomitant malignancies or concomitant
diseases which could interfere with study participation. The
study was approved by the institutional review boards of
each participating center and has been registered as a
National Cancer Institute trial (NCT01031030).

Study design and treatments

This was a prospective, randomized, multicenter, open-
label phase III trial comparing the efficacy of three treat-
ment arms in patients with RPBC: E for 4 courses followed
by CMF for 4 courses (E —» CMF), CMF for 4 courses
followed by E for 4 courses (CMF — E), and CMF alone
for 6 courses. The arm with CMF alone was closed after the
results of the EBCSG meta-analysis were published in
1998 [12], demonstrating the superiority of anthracycline-
based regimens over CMF alone, and the primary objective
remained the comparison of E - CMF with CMF — E.
The CMF regimen consisted of cyclophosphamide
600 mg/m? iv, methotrexate 40 mg/m? iv and 5-fluorouracil
600 mg/m” iv on days 1 and 8, repeated every 4 weeks.
Epirubicin was administered every 3 weeks at 100 mg/m? iv.

Patients with estrogen receptor (ER)-positive tumors
received adjuvant tamoxifen for 5 years after the end of
chemotherapy. A gonadotropin-releasing hormone (GnRH)
agonist could be added in premenopausal patients not
achieving amenorrhea after chemotherapy, at the discretion
of the participating centers. Patients treated with breast
conserving surgery and those submitted to mastectomy for
pT3—4 tumors received radiotherapy. Histopathological
exams were performed at each participating center and ER
and progesterone receptor (PgR) expression was measured
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by immunohistochemistry in the majority of patients (990
[92.9%] patients for ER, and 985 [92.4%] patients for
PgR), and by the charcoal dextran assay [13] in the
remaining cases. HER2/neu positivity was determined by
immunohistochemistry using Dako Hercep-test or CB11
antibody or by fluorescent in situ hybridization. Tumor
proliferation was assessed by TLI in 363 patients (34%), by
histological grade in 601 patients (56%) and by Ki67/MIB1
in 102 patients (10%). Grading was considered a surrogate
indicator of the proliferative activity based on the strict
correlation between the two variables [14].

Baseline workup included medical history, physical
examination, laboratory exams, chest X-ray, abdominal
ultrasound, bone scan, mammography, ECG, and cardio-
logical consultation. Clinical and laboratory assessments
were repeated before each cycle and then at 3-month
intervals during years 1 and 2, every 6 months during years
3-5, and yearly thereafter up to the tenth year. Annual
chest X-ray, liver ultrasound, and bone scans were carried
out for the first 5 years and at the discretion of the inves-
tigator thereafter. Mammography was performed yearly.
Toxicity was recorded at each clinical examination and
scored using World Health Organization (WHO) criteria
[15]. Dose modifications, based on common criteria, were
outlined in the protocol. Colony-stimulating factors could
be used in the event of grade 4 neutropenia.

Statistical considerations

The primary endpoint was OS, defined as the time from
randomization to the date of last contact or of death from
any cause. Secondary objectives were disease-free survival
(DFS) and toxicity. DFS was defined as the time from
randomization to the date of locoregional or distant
recurrence, second invasive breast carcinoma, second pri-
mary cancer, and/or death without evidence of breast
cancer. Analysis of outcome according to clinical, patho-
logical, and biological variables was planned in advance,
with an explorative intent. The study was performed in
accordance with the principles of Good Clinical Practice
[16], the ethical standards laid down in the 1964 Declara-
tion of Helsinki [17], and local legal and regulatory
requirements.

Within 6 weeks of surgery, patients were randomly
assigned to the treatment arms on a 1:1:1 basis by a tele-
phone call to the Biostatistics and Clinical Trials Unit of
the coordinating center in Forli using computer-generated
randomization lists of permutated blocks of varying sizes
stratified for participating center, lymph node status (node-
negative vs. node-positive) and ER status (ER-negative vs.
ER-positive). The sequences were concealed from the
physicians.

Sample size was determined assuming a 5-year OS of
75% for patients treated with 6 cycles of CMF and an
expected absolute increase of 8% in patients treated with
E — CMF or CMF — E (5% type I error fixed for a two-
sided test and power of 80%), planning an accrual of 1200
patients over 3 years. After stopping the CMF arm, the
sample size was re-determined assuming a 5-year OS of
78% for patients treated with E —» CMF and an expected
absolute increase of 7% in patients treated with CMF — E
(5% type I error fixed for a two-sided test and power of
80%). Continuing a 1:1 randomization, a planned accrual
period of 36 months, and a follow-up period of 60 months,
it was estimated that 400 patients per arm were necessary.

Efficacy analyses were performed according to the
intention-to-treat principle. Safety analyses concerned all
patients who received at least one dose of study medica-
tion. DFS and OS probability and the 95% confidence
interval (95% CI) were computed by the Kaplan—Meier
product-limit method [18]. The chi-square test or Fisher’s
exact test were used to compare the incidence and severity
of side effects [19]. Estimated hazard ratios (HR)
(CMF — E vs. E - CMF, CMF — E and E — CMF vs.
CMF), their 95% ClIs and P values were calculated from
the Cox proportional hazard regression models [20],
adjusted according to center, lymph node status, and ER
status. No interim analysis was planned. No correction for
multiple testing was performed in subgroup analyses. The
relative dose intensity was calculated as the ratio of the
delivered dose intensity, i.e., the ratio of the total dose
delivered over total time to complete chemotherapy, to the
planned dose intensity. All P values were based on two-
sided testing, and statistical analyses were carried out with
SAS Statistical Software (version 9.1, SAS Institute).

Results
Study details

Between November 1997 and December 2004, 1066
patients were entered onto the trial by 22 participating
centers: 440 were allocated to E — CMF, 438 to
CMF — E, and 188 to CMF (Fig. 1). Median follow up
was 69 months.

Patient characteristics

Patients and tumor characteristics were well balanced in
the three treatment arms, as reported in Table 1. Median
age was 52 years (range 26-70) and 47% of patients were
premenopausal. Most had pT1-2 ductal carcinoma, 47%
with nodal involvement. Seventy-nine percent had poorly
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1066 patients randomized

\4

\4

v

440 assigned to E - CMF
* 411 eligible received allocated
intervention
*2 not eligible received allocated
intervention
¢ 21 did not receive allocated
intervention:
e 2] received CMF
erroneously/following patient

438 assigned to CMF — E
* 407 eligible received allocated
intervention
* 1 not eligible received allocated
intervention
¢ 25 did not receive allocated
intervention
e 17 received CMF
erroneously/following patient

188 assigned to CMF
183 eligible received allocated
intervention
« 1 not eligible received allocated
intervention
* 4 did not receive allocated
intervention:
e 1 received CMF — E
erroneously

request request o | received EC following
* 3 lost to follow-up immediately after e 8 received other treatment patient request
random schedule e 2 received only tamoxifen
* 3 patients refused treatment ¢ 2 lost to follow-up immediately after following patient request
immediately after random random

* 3 patients refused treatment
immediately after random

Fig. 1 CONSORT diagram

differentiated tumors and median Ki67/MIB1 was 30%.
Sixty-two percent had ER-positive (>10% nuclei immu-
nostained or >10 fmol/mg protein), 50% PgR-positive
(=10% nuclei immunostained or >25 fmol/mg protein)
and 34% ER/PgR-negative disease. HER2/neu was asses-
sed in about half of the patients and was positive in 44%,
reflecting the study selection criteria.

Sixty-two percent of the patients had breast conservative
surgery and thirty-eight percent had mastectomy, with
axillary dissection in all cases. All patients treated with
conservative surgery and 1.4% of those who underwent
mastectomy received radiotherapy, administered in most
cases in concomitance with the CMF regimen. All clinical,
pathologic, and biologic characteristics were well balanced
in the three treatment arms. About 83% of patients with
ER-positive tumors received adjuvant tamoxifen, which
was combined with a GnRH agonist in a number of pre-
menopausal patients (43% in the E - CMF arm, 47% in
the CMF — E arm, and 27% in the CMF alone arm).

Chemotherapy administration and safety

Seventy-nine percent of patients in the E — CMF arm,
eighty-one percent in the CMF — E arm, and eighty-four
percent in the CMF arm completed the planned chemo-
therapy. Three percent in each of the two sequential arms
and five percent in the CMF arm stopped treatment in
advance due to toxicity, mainly mucositis (11 patients),
nausea and vomiting (6), fever-infection (5), and liver
toxicity (4). Rarer causes for stopping therapy were
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neurotoxicity, cardiotoxicity, allergic reactions and myel-
otoxicity (2 cases each), and actinic dermatitis (1). The
remaining patients stopped treatment for other reasons,
e.g., treatment refusal, death, progression, lost to follow up.
Median relative dose intensity was 0.86 with E - CMF,
0.88 with CMF — E, and 0.88 with CMF.

Toxicity

Sequential treatments yielded a higher proportion of grade
3—4 side-effects compared with CMF alone, in particular
neutropenia (P = 0.03) and alopecia (P < 0.0001)
(Table 2). When the two sequential arms were compared,
the only difference was a higher incidence in grade 4
neutropenia in the CMF — E arm (12.0 vs. 7.5%,
P = 0.03) with respect to the E —» CMF arm. Other grade
4 toxic events included mucositis, increased AST with
chronic C hepatitis, osteoarticular pain, febrile leukopenia,
allergic reaction, asthenia with infection, and actinic der-
matitis. One treatment-related death due to myelotoxicity
was observed in the arm receiving E — CMF. There were
no cases of symptomatic congestive heart failure and the
rate of subclinical heart impairment was similar among the
three arms; one patient in each sequential arm stopped
treatment following grade 2 cardiotoxicity. The rate of
chemotherapy-induced amenorrhea was 35% in the
E — CMF arm, 36% in the CMF — E arm, and 27% in the
CMF arm. One patient in the CMF — E arm was diag-
nosed with acute myeloid leukemia 27 months after the end
of chemotherapy.
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Table 1 Characteristics of randomized patients

Characteristic

No. of patients (%)

Total (n = 1066) E —» CMF (n = 440) CMF — E (n = 438) CMF (n = 188)

Age [years; median (range)] 52 (26-70) 52 (26-70) 52 (27-70) 50 (27-70)
Age group (years)

<40 116 (10.9) 48 (10.9) 47 (10.7) 21 (11.2)

40-49 338 (31.7) 136 (30.9) 134 (30.6) 68 (36.2)

50-59 321 (30.1) 137 (31.1) 134 (30.6) 50 (26.6)

>60 291 (27.3) 119 (27.1) 123 (28.1) 49 (26.0)
Menopausal status

Pre-menopause 499 (46.8) 201 (45.7) 207 (47.3) 91 (48.4)

Post-menopause 567 (53.2) 239 (54.3) 231 (52.7) 97 (51.6)
Histological type

Ductal 954 (89.5) 395 (89.8) 394 (90.0) 165 (87.8)

Lobular 59 (5.5) 21 (4.8) 21 (4.8) 17 (9.0)

Other 53 (5.0) 24 (5.4) 23 (5.2) 6 (3.2)
pT

Tl 498 (49.0) 204 (49.0) 205 (48.6) 89 (49.7)

T2 468 (46.0) 196 (47.1) 192 (45.5) 80 (44.7)

T3 29 (2.8) 9(2.2) 16 (3.8) 4(2.2)

T4 22 (2.2) 7(1.7) 9 (2.1) 6 (3.4)

Missing 49 24 16 9
Lymph node status

Negative 567 (53.2) 234 (53.2) 231 (52.7) 102 (54.3)

Positive 499 (46.8) 206 (46.8) 207 (47.3) 86 (45.7)

1 248 (23.3) 101 (23.0) 97 (22.1) 50 (26.6)

2 140 (13.1) 56 (12.7) 65 (14.8) 19 (10.1)

3 111 (10.4) 49 (11.1) 45 (10.3) 17 (9.0)
No. of lymph nodes examined

Median (range) 19 (10-47) 19 (10-43) 19 (10-47) 18 (10-47)
Receptor status

ER-negative® 404 (37.9) 167 (37.9) 164 (37.4) 73 (38.8)

ER-positive 662 (62.1) 273 (62.1) 274 (62.6) 115 (61.2)

PgR-negative” 534 (50.1) 210 (47.7) 224 (51.1) 100 (53.2)

PgR-positive 532 (49.9) 230 (52.3) 214 (48.9) 88 (46.8)
Local treatment

Mastectomy alone 394 (37.0) 167 (38.0) 151 (34.5) 76 (40.5)

Mastectomy + radiotherapy 15 (1.4) 4(0.9) 10 (2.3) 1(0.5)

Conservative + radiotherapy 657 (61.6) 269 (61.1) 277 (63.2) 111 (59.0)
Systemic treatment

Hormonotherapy (ER+) 550 (51.6) 232 (52.7) 220 (50.2) 98 (52.1)

Hormonotherapy (ER—) 60 (5.6) 27 (6.1) 28 (6.4) 5.7

GnRH agonist 98 (38.8) 45 (42.9) 42 (46.7) 11 (26.8)
Grade®

1 11 (1.1) 7(1.7) 2 (0.5) 2 (1.2)

2 200 (19.9) 79 (19.0) 86 (20.8) 35 (20.1)

3 793 (79.0) 330 (79.3) 326 (78.7) 137 (78.7)
TLI (%), median (range) 5.6 (3.1-24.5) 5.2 (3.1-24.5) 5.6 (3.1-16.7) 5.9 (3.1-20.6)

Missing 703 306 286 111
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Table 1 continued

Characteristic No. of patients (%)
Total (n = 1066) E —» CMF (n = 440) CMF — E (n = 438) CMF (n = 188)
Ki67/MIB1 (%), median (range) 30 (0-98) 30 (1-90) 30 (0-98) 30 (2-90)
Missing 152 53 56 43
HER2
Positive 237 (43.6) 112 (46.3) 97 (42.5) 28 (37.8)
Negative 307 (56.4) 130 (53.7) 131 (57.5) 46 (62.2)
Missing 522 198 210 114
? Defined as either >10% nuclei immunostained or >10 fmol/mg protein
® Defined as either >10% nuclei immunostained or >25 fmol/mg protein
¢ Not performed on all cases due to histological type
Table 2 Toxicity
Toxicity E — CMF No. (%) CMF — E No. (%) CMF No. (%)
Grade 2 Grade 3 Grade 4 Grade 2 Grade 3 Grade 4 Grade 2 Grade 3 Grade 4
Leukopenia 103 (24.9) 56 (13.6) 7 (1.7) 89 (21.8) 63 (15.4) 15 (3.7) 46 (25.0) 20 (10.9) 3 (1.6)
Neutropenia 72 (17.4) 82 (19.9) 31 (7.5) 69 (16.9) 67 (16.4) 49 (12.0) 31 (16.8) 28 (15.2) 9 (4.9
Thrombocytopenia 10 (2.4) 3(0.7) 1(0.2) 9(2.2) 7.7 0 4(2.2) 3 (1.6) 0
Anemia 36 (8.7) 1(0.2) 0 30 (7.4) 4 (1.0) 0 10 (5.4) 1 (0.5) 0
Alopecia 58 (14.0) 219 (53.0) 0 58 (14.2) 185 (45.3) 0 25 (13.6) 11 (6.0) 0
Nausea/vomiting 148 (35.8) 37 (9.0) 0 145 (35.5) 30 (7.4) 3.7 42 (22.8) 11 (6.0) 1 (0.5)
Diarrhea 10 (2.4) 4 (1.0) 0 17 4.2) 6 (1.5) 0 4(2.2) 0 0
Mucositis 48 (11.6) 10 2.4) 2 (0.5) 29 (7.1) 10 (2.5) 1(0.2) 12 (6.5) 7 (3.8) 0
Cardiotoxicity 2 (0.5) 0 0 4 (1.0) 0 0 1(0.5) 0 0
Other 89 (21.5) 19 (4.6) 2 (0.5) 76 (18.6) 19 (4.7) 4 (1.0) 26 (14.1) 8 (4.3) 0
Efficacy receiving a sequence schedule (either E — CMF or

Relevant events are reported in Table 3. Five-year OS was
91% (95% CI 88-94) with E — CMF and 93% (95% CI
90-95) with CMF — E, with a hazard ratio adjusted for
center, nodes (negative or positive) and ER (negative or
positive) status of 0.88 (95% CI 0.58-1.35) (Fig. 2a). Five-
year DFS was 80% in both arms (95% CI 76-85% for
E — CMF and 76-84% for CMF — E), with an adjusted
hazard ratio of 0.99 (95% CI 0.73-1.33) (Fig. 2b). The
analyses conducted on the subgroup of patients for whom
TLI was available yielded equivalent results, as did those
conducted separately in the subgroup of grade 1-2 tumors
and in those of grade 3 tumors (data not shown). Likewise,
subgroup analyses according to age (<52 vs. >52 years),
menopausal status, histology, tumor size, nodal status, and
hormone receptor status did not show any differences
between the two sequential arms (Fig. 3).

An exploratory analysis was conducted to compare the
group of patients receiving 6 cycles of CMF with those
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CMF — E) enrolled before the closure of the CMF arm.
Five-year OS was 90% (95% CI 87-93) with sequential
regimens and 90% with CMF (95% CI 86-94), with an
adjusted hazard ratio of 0.91 (95% CI 0.59-1.42). Five-
year DFS was 77% with sequential regimens (95% CI
73-82%) and 78% with CMF (95% CI 72-84%), with an
adjusted hazard ratio of 0.97 (95% CI 0.70-1.35). Sub-
group analyses did not show statistically significant dif-
ferences in outcome between the two treatments (data not
shown).

Discussion

Since the publication of the study by Bonadonna and col-
laborators [21] showing the superiority of 4 courses of
doxorubicin followed by 8 courses of CMF over an alter-
nation of the two regimens, sequential schedules have
become a common option for the adjuvant therapy of early
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Table 3 Events contributing to overall and disease-free survival analysis

Events No. of patients (%)
Total (n = 1066) E —» CMF (n = 440) CMF - E (n = 438) CMF (n = 188)
All deaths 115 (10.8) 44 (10.0) 41 (9.4) 30 (16.0)
Cancer 105 (9.8) 40 (9.1) 38 (8.7) 27 (14.4)
Toxicity 1 (0.1) 1(0.2) 0 0
Other 9 (0.8) 3(0.7) 3 (0.7) 3 (1.6)
All events contributing to DFS 231 (21.7) 89 (20.2) 89 (20.3) 53 (28.2)
Locoregional relapse only 31 (2.9) 14 (3.2) 12 2.7) 527
Distant relapse only 141 (13.2) 51 (11.6) 59 (13.5) 31 (16.5)
Bone 39 (3.7) 15 (3.4) 15 (3.4) 9 (4.8)
Liver 22 (2.1) 8 (1.8) 8 (1.8) 6 (3.2)
Lung 10 (0.9) 2 (04) 5(1.1) 3 (1.6)
Supraclavicular lymph nodes 6 (0.6) 3(0.7) 2 (0.5) 1(0.5)
Other 22 (2.1) 8 (1.8) 11 (2.5) 3 (1.6)
Multiple sites 42 (3.9) 15 (3.4) 18 (4.1) 9 (4.8)
Second malignancies only 49 (4.6) 20 (4.5) 16 (3.7) 13 (6.9)
Contralateral breast cancers 20 (1.9) 12 2.7) 4 (0.9) 4 (2.1)
Other sites 26 (2.5) 8 (1.8) 10 (2.3) 8 (4.3)
Endometrium 6 (0.6) 1(0.2) 2 (0.5) 3 (1.6)
Thyroid 3(0.3) 1(0.2) 2 (0.5) -
Lung 3(0.3) 1(0.2) 1(0.2) 1 (0.5)
Colon 3(0.3) 1(0.2) 1(0.2) 1(0.5)
Uterus 2(0.2) 1(0.2) - 1(0.5)
Other 12 (1.1) 3(0.7) 6 (1.4) 3 (1.6)
Deaths without breast cancer 10 (0.9) 4 (0.9) 2 (0.5) 4 (2.1)

DEFS (disease-free survival) events: locoregional + distant metastases + second malignancies + deaths without breast cancer

a 190 b 1.00]
0.80 A 0.80 1
E 0.60 A . 0.60
= (]
< w
5 d
A [
0.40 0.40
0.20 Pat?:nts - e(;:)ms eveer 93 " 0.20 - N. N.events | %5-year DFS HR
(95%1C) (95% C1) ) Patients (%) (95%10) (95%Cl)
E>CMF 440 44(10.0) 91(88-94) 1 ESCE w50 291202) 80(7;-85) T
CMFE 438 41(04) 93(90-95) 0.:88(0.58-1.35) CMFE 438 89(20.3) 80(76-84) 0.99(0.73-1.33)
0.00 - 0.00 A
T T T T T T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 12 24 36 48 60 72 84 96 108
Months Months
No. of patients at risk: No. of patients at risk:
E->CMF 440 416 407 386 305 213 151 109 57 18 ESCME 440 405 385 359 278 184 128 49 14
CMF->E 438 423 416 391 306 226 153 103 57 15 CMESE 438 415 393 359 271 197 130 49 11

Fig. 2 Overall (a) and disease-free (b) survival

breast cancer. Although today the most widely used
sequence involves an anthracycline-based scheme followed
by a taxane, the problem of the best sequence has yet to be

resolved. Our study addressed the issue of which is the best
sequence in two non cross-resistant regimens in patients
with RPBC, especially important if the two regimens have
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Death Relapse
No. of Hazard Ratio Hazard Ratio
patients (95% CI) (95% CI)
In favor of In favor of In favor of In favor of
CMF > E E > CMF CMF 2> E E - CMF
ALL PATIENTS 878 0.88(0.58-1.35) —e— 0.99 (0.73-1.33) ——t
AGE . H
<52 years 421 1.03(0.50-2.11) L S— 0.85 (0.53-1.34) ———
252 years 457 0.79(0.46-1.34) e 1.07 (0.73-1.57) ——y
MENOPAUSAL STATUS . 094 (0.50.1.50
Premenopause 408 1.11(0.54-2.28) —— -94(0.59-1.50) —e—
Postmenopause 470 0.80(0.47-1.36) —— 1.01 (0.69-1.47) ——
HISTOLOGIC TYPE .
Ductal 789 0.83(0.54-1.29) —— 0.97 (0.71-1.31) ——
Lobular 42 007(0005.62) ® 0.94 (0.25-3.46) -
Other 47 N 2.27(0.33-15.87) H
pT : N
Tl 409 1.13(0.46-2.78) [ a——— 8.99 (2.59—1 .27) ———i
T2 388 0.70(0.41-1.21) ——— .87 (0.59-1.28) —e——i
T3 25 0.49(0.09-2.58) 0.78 (0.18-3.39) .
T4 16 : 3.20(0.31-32.51) :
LYMPH NODE STATUS 091 (0.59-1.43) H
Negative 465 0.91(0.49-1.68) ——— .91 (0.59-1. —.—
Positive 413 0.88(0.49-1.59) —0t— 1.03(0.70-1.53) —>- N
RECEPTOR STATUS . 0,94 (061144 :
ER negative 331 0.86(0.47-1.58) —o——1 . .61-1. .
ER positive 547 0.90(0.50-1.65) ———— 1.01(0.68-1.51) ',_,_'"'
PgR negative 434 0.92(0.54-1.55) —— 0.95(0.65-1.39) ' - \
PgR positive 444 0.84(0.40-1.75) —_——y 0.98 (0.61-1.58) ———i
TYPE OF SURGERY H 101 (0:66-1.53)
Mastectomy 332 0.77(0.43-1.38) e ———] B .06-1..
Conservative 546 1.04(0.55-1.94) —— 0.95(0.63-1.45) ——
! ' ! ! ! ! r T T T T 1
0.0 1.0 2.0 3.0 4.0 5.0 0.0 1.0 2.0 3.0 4.0 5.0

Fig. 3 Cox proportional adjusted hazards model of OS and DFS, E - CMF vs. CMF — E

different efficacy. Delayed administration of the most
effective regimen following a less effective treatment is
thought to jeopardize its efficacy [22]. Conversely, com-
puter simulations based on mathematical models for tumor
growth and treatment suggest the superiority of the “worst
drug rule” involving earlier administration of the less
effective regimen to rapidly eliminate those cells resistant
to the stronger regimen [23].

5-Fluorouracil and methotrexate are S-phase-specific
drugs especially active against highly proliferating cells,
while cyclophosphamide is among the alkylating agents
with the highest specificity for proliferating cells [24].
Benefit from adjuvant CMF seems, in fact, directly corre-
lated with TLI [3]. Anthracyclines are active during
S-phase but also during other phases, including G1, and
induce marked cell arrest in G2/M phase [25], suggesting
that they may be more active against slowly proliferating
tumors when compared with CMF. Response to neoadju-
vant doxorubicin plus vincristine appears to be independent
of pretreatment TLI [26], and adjuvant treatment of
patients with node-negative RPBC comprising fluorouracil,
epirubicin, and cyclophosphamide produces a delayed
benefit, typical of therapies that are active in slower-
growing tumors, and independent of proliferative activity
[27]. A diverse distribution of tumor cells in the different
phases of the cell cycle has been observed after

@ Springer

neoadjuvant chemotherapy with different drugs: an accu-
mulation of cells in S-phase after CMF and a higher
accumulation in G2/M phase after anthracyclines [28, 29].

We hypothesized that the sequence E — CMF could be
highly active in slowly/intermediately proliferating tumors
because of the ability of the anthracycline to kill the sub-
population of slowly proliferating cells and to produce a
partial synchronization of the remaining, highly prolifer-
ating cells sensitive to the S-phase-specific drugs subse-
quently administered [8]. We also hypothesized that
rapidly proliferating tumors could be more effectively
treated by administering CMF first to kill the subpopulation
of highly proliferating cells and then the anthracycline to
kill the CMF-resistant, probably slowly proliferating
subpopulation.

We did not find important differences between the two
sequential treatments in terms of either disease-free or
overall survival. It must be emphasized that the only var-
iable tested in our study was the different sequences of two
regimens as the overall number of cycles administered and
the dose intensity of the drugs used were the same in the
two arms. A previous study conducted at the Istituto
Nazionale Tumori in Milan did not find any difference
between CMF given every 3 weeks for 12 courses and 8
courses of the same CMF followed by 4 courses of doxo-
rubicin in patients with early breast cancer and one to three
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involved axillary nodes [30]. Although the differing patient
populations, drug regimens (CMF every 21 days in the
Milan studies and CMF days 1 and 8 every 28 days in our
study) and number of cycles prevent direct comparisons
from being made between the two trials, our data suggest
that the sequence CMF — anthracycline may be as effec-
tive as the more frequently used sequence anthracy-
cline > CMF in patients with RPBC, supporting the
efficacy of CMF, at least with the schedule used in this
study, in these tumors. Further molecular characterization
of tumor samples is ongoing to ascertain potential differ-
ences between the two sequences based on biomolecular
profiles.

There are probably a number of reasons behind the lack
of superiority of CMF — E over E - CMF in RPBC.
Although anthracyclines have multiple mechanisms of
action, inhibition of topoisomerase-II-o is one of the most
important. Topoisomerase-II-o expression is associated
with cell cycle phases, peaking in G2/M and at its lowest in
GO/G1 [31], and is prevalent in highly proliferating cells
[32]. Anthracyclines could therefore be as active as anti-
metabolites in rapidly proliferating cells, in addition to
being more active against slowly proliferating ones. On the
other hand, cyclophosphamide is also partially active
against slowly proliferating cells, contributing to making
the two regimens interchangeable. The heterogeneity of
proliferation assessment methods in our study may have
diluted the differences among treatment arms. Different
methodological problems affect the evaluation of tumor
proliferation [33]. Although TLI is reliable and reproduc-
ible [10, 34], its complexity has hampered its widespread
diffusion. Ki-67/MIB-1, while significantly associated with
outcome in patients with early breast cancer, has more
limited reproducibility [35].

In conclusion, our study does not show important dif-
ferences between inverse sequences of two non-cross-
resistant regimens in early RPBC. Taking into account the
heterogeneity of breast cancer, the cell cycle specificity of
some agents and the cell cycle-related expression of some
targets, e.g., topoisomerase-II-o, it is possible that further
molecular characterization of the tumors could identify
subgroups that benefit from a specific strategy.
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