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Abstract There are no validated predictors of benefit
from anthracyclines. We compared cyclophosphamide,
methotrexate, 5-fluorouracil (CMF), and epirubicin in dif-
ferent sequences with CMF alone in a phase III trial on
operable breast cancers. Outcomes were analyzed in rela-
tion to tumor biological profiles to identify potential pre-
dictors of the efficacy of different treatments/drug
combinations. Patients with N— or 1-3N+ tumors, were
randomized to receive (a) epirubicin (4 cycles) followed by
CMF (4 cycles); (b) CMF (4 cycles) followed by epirubicin
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(4 cycles), or (¢c) CMF (6 cycles) alone. Immunohisto-
chemical assessments of estrogen (ER) and progesterone
(PgR) receptors, HER2 and Ki67 were available for 705
patients (arm A/B/C: 276/269/160). Prognostic and pre-
dictive relevance was analyzed by log-rank tests and Cox
models. Ki67 > 20 % and absent/low expression of ER
and PgR were associated with worsen disease-free (DFS)
and overall survival (OS). In patients with triple negative
tumors (ER—, PgR—, HER2-), epirubicin-containing
regimens yielded better DFS (HR 0.33, 95 % CI1 0.17-0.62,
P =0.0007) and OS (HR 0.24, 95 % CI 0.10-0.57,
P = 0.001) compared with CMF alone, whereas no dif-
ferences were found in patients with HER2-positive
(HER2+, ER—, PgR—) subtype. Treatment by subtype
interaction (HER2-positive vs. others) was significant for
DES (;(2 = 6.72, P = 0.009). In triple unfavorable (ER—,
PgR—, Ki67 > 20 %) tumors, the use of epirubicin yielded
better DFS (HR 0.45,95 % CI 0.26-0.78, P = 0.005) and
OS (HR 0.30, 95 % CI 0.15-0.63, P = 0.001). Epirubicin-
containing regimens seem to be superior to CMF alone in
patients with highly proliferating, triple negative or triple
unfavorable tumors .

Keywords Breast cancer - Tumor subtypes - Adjuvant -
Predictive factors - Anthracyclines

Abbreviations

CEF Cyclophosphamide, epirubicin, fluorouracil

CIN Chromosomal instability

Ch17CEP Chromosome 17 centromere enumeration
probe

CMF Cyclophosphamide, methotrexate, and
fluorouracil

DFS Disease-free

ER Estrogen receptor
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HR Hazard ratio
(0N} Overall survival
PgR Progesterone receptor

RPBC Rapidly proliferating breast cancer

Introduction

Anthracyclines given sequentially with non cross-resistant
regimens show higher efficacy than the six cycles of
cyclophosphamide, methotrexate, and fluorouracil (CMF)
given as adjuvant therapy for early breast cancer [1], but
also greater toxicity. It is therefore important to define
which patients really need them. Several biomarkers have
been assessed as predictors of anthracycline sensitivity [2—
4], but none has been introduced into clinical practice to
estimate the potential benefit for individual patients [5].

The tumor proliferation rate has a prognostic impact in
early breast cancer [6] and is known to predict response to
chemotherapy in the neoadjuvant [7] and metastatic [8] set-
tings and to affect results of adjuvant chemotherapy [9, 10].
We previously compared two different sequences of CMF and
epirubicin with CMF alone in a phase III randomized trial on
rapidly proliferating breast cancer (RPBC), observing no
differences in disease-free (DFS) or overall survival (OS) [11]
at the intent-to-treat analysis.

The present paper investigated, in a post-hoc analysis,
whether the levels of tumor biomarkers (hormone recep-
tors, Ki67 and HER2, considered individually or combined
to define “tumor subtypes”) were associated with outcome
in the entire patient population and within the cohorts
treated with epirubicin plus CMF or with CMF alone.

We also assessed the difference in efficacy between
epirubicin-containing regimens and CMF alone on the
basis of the expression levels of tumor biomarkers and
within the subgroups of patients with different immuno-
histochemically defined subtypes of breast cancer.

Patients and methods
Study design and patients

This clinical study enrolled women with completely
excised, node-negative >1 cm or 1-3 node-positive inva-
sive breast carcinomas of any size and with no evidence of
metastases. From 1997 to 2004, 1,066 patients were ran-
domized to one of three arms: (a) epirubicin (100 mg/m2
i.v. every 3 weeks) for four courses followed by CMF
(600/40/600 mg/m? i.v. days 1 and 8 every 4 weeks) for
four courses (440 patients); (b) CMF for four courses
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followed by epirubicin for four courses (438 patients);
(c) CMF for 6 courses (188 patients). Arm C was closed in
1999 following the results of the EBCSG meta-analysis
[15].

The present study focuses on a subgroup of 705 (66 %)
patients enrolled in eight centers, among the most impor-
tant recruiters in Italy, up to 2004, for whom information
on tumor biological features was fully available. The
analysis was conducted on the basis of treatment received
by each patient (Fig. 1).

Biological marker determination

Estrogen (ER) and progesterone (PgR) receptors were
assessed at each participating center by immunohisto-
chemistry. Tumors with >10 % immunopositive cells were
considered positive, as in most studies published in the
period when the present study was carried out [12, 13, 14].
For the 23 cases only that were assessed using the dextran-
coated charcoal method, the cut off values were set at >10
and >25 fmol/mg of protein for ER and PgR positivity,
respectively. Ki67 was assessed with MIB 1 monoclonal
antibody (Dako Corporation) in all tumors and quantified
as the ratio (%) of immunoreactive to total number of
tumor cells.

HER2 was determined using HercepTest (DAKO Cor-
poration) in 536 cases and CBI11 monoclonal antibody
(Biogenex, San Ramon, CA) in 169 cases. With the first
test, positivity was assessed by considering the percentage
of immunoreactive neoplastic cells where we measured the
intensity and completeness of membrane staining, using a
0-34 scale as recommended by the Dako criteria. The
cases scored as 3+ were considered HER2-positive. For

Italian Breast Cancer Intergroup Studies (IBIS) 3
patients flow diagram

IBIS3 1066 patients with rapidly proliferating breast cancer, N- or
Clinical Trial 1-3 N+, randomlyallocated between E->CMF, CMF->E or CMF alone

|

| Biological features available for 705 patientsfrom 8 centres I

l ! l

Allocated to E > CMF Allocated to CMF Allocated to CMF > E

IBIS3
Biomarker study

291 130 284
‘268
Received E > CMF Received CMF Received CMF > E
276 160 269

*for patient choice or for error

Fig. 1 Flow diagram of patients included in the IBIS 3 biological
study. CMF cyclophosphamide, methotrexate, and fluorouracil,
E — CMF epirubicin followed by CMF, CMF — E CMF followed
by epirubicin
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Table 1 Patient and tumor characteristics
Characteristics Overall series (n = 705) E - CMF (n = 276) CMF — E (n = 269) CMF (n = 160)
No. (%) No. (%) No. (%) No. (%)
Age (years)
<40 70 (9.9) 25 (9.1) 24 (8.9) 21 (13.1)
40-49 221 (31.3) 90 (32.6) 78 (29.0) 53 (33.1)
50-59 224 (31.8) 88 (31.9) 94 (35.0) 42 (26.3)
>60 190 (27.0) 73 (26.4) 73 (27.1) 44 (27.5)
Median (range) 52 (27-70) 52 (30-70) 53 (29-70) 51 (27-70)
Menopausal status
Pre-menopause 325 (46.1) 127 (46.0) 122 (45.3) 76 (47.5)
Post-menopause 380 (53.9) 149 (54.0) 147 (54.7) 84 (52.5)
Histologic type
Ductal 631 (89.5) 245 (88.8) 246 (91.4) 140 (87.6)
Lobular 42 (6.0) 17 (6.1) 11 (4.1) 14 (8.7)
Other 32 (4.5) 14 (5.1) 12 (4.5) 6 (3.7)
pT
Tl 337 (49.3) 131 (49.1) 133 (50.8) 73 (47.1)
T2 312 (45.6) 124 (46.4) 115 (43.9) 73 (47.1)
T3 18 (2.6) 5(1.9) 8 (3.0) 5@3.2)
T4 17 (2.5) 7 (2.6) 6 (2.3) 4 (2.6)
Missing 21 9 7 5
Lymph node status
Negative 366 (51.9) 144 (52.2) 138 (51.3) 84 (52.5)
Positive 339 (48.1) 132 (47.8) 131 (48.7) 76 (47.5)
IN+ 171 (24.3) 71 (25.7) 60 (22.3) 40 (25.0)
2N+ 95 (13.5) 32 (11.6) 42 (15.6) 21 (13.1)
3N+ 73 (10.3) 29 (10.5) 29 (10.8) 15 (9.4)
Grade
1 8 (1.2) 4 (1.6) 1(04) 3 (2.0
2 144 (21.8) 53 (20.7) 63 (24.4) 28 (19.2)
3 508 (77.0) 199 (77.7) 194 (75.2) 115 (78.8)
Missing® 45 20 11 14
Hormone receptor status
ER+° 440 (62.4) 174 (63.0) 175 (65.1) 91 (56.9)
ER— 265 (37.6) 102 (37.0) 94 (34.9) 69 (43.1)
PgR+¢ 354 (50.2) 147 (53.3) 133 (49.4) 74 (46.2)
PgR— 351 (49.8) 129 (46.7) 136 (50.6) 86 (53.8)
Ki67/Mib-1 (%) 30 (0-98) 30 (2-90) 30 (0-98) 30 (2-90)
<20 198 (28.1) 78 (28.3) 73 (27.1) 47 (29.4)
21-40 302 (42.8) 117 (42.4) 110 (40.9) 75 (46.9)
>40 205 (29.1) 81 (29.3) 86 (32.0) 38 (23.7)
HER-2
Negative 471 (66.8) 182 (65.9) 177 (65.8) 112 (70.0)
Positive® 234 (33.2) 94 (34.1) 92 (34.2) 48 (30.0)
Local treatment
Mastectomy 278 (39.4) 107 (38.8) 101 (37.6) 70 (43.8)
Conservative + radiotherapy 427 (60.6) 169 (61.2) 168 (62.4) 90 (56.2)
Other systemic treatment
Tamoxifen (ER+ pts) 271 (38.4) 119 (43.1) 113 (42.0) 39 (24.4)
Tamoxifen (ER— pts) 21 (3.0) 12 (4.3) 6(2.2) 3(1.9)
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Table 1 continued

Characteristics Overall series (n = 705) E — CMF (n = 276) CMF - E (n = 269) CMF (n = 160)
No. (%) No. (%) No. (%) No. (%)
GnRH agonist 22 (3.1) 10 (3.6) 10 (3.7) 2 (1.2)

? Due to lobular histology
® Either >10 % immunostained nuclei or >10 fmol/mg protein
¢ Either >10 % immunostained nuclei or >25 fmol/mg protein

d >10 % of immunostained nuclei 3+

the cases processed with the CB11 antibody, tumors were
classified as positive if any grade of immunostaining was
present in more than 10 % of tumor cells. Finally, because
of the potentially confounding effects of inter- and intra-
center sources of variation in the data, based on our
experience as members of the National Quality Control
Program run by the National Research Council [14], a final
check was performed on 200 cases. In this sample, an
agreement of results by two independent observers of IRST
in more than 90 % of cases was observed.

Definition of biomarker classes and tumor subtypes

The predictive and prognostic relevance of each biomarker
was assessed by dichotomizing variables as positive or
negative for ER, PgR, and HER2 and as low or high for
Ki67 using a cut-off of 20 %. Tumor subtypes were defined
as: hormone receptor-positive (ER-positive and/or PgR-
positive with any HER2 status), HER-2 positive (HER2-
positive and hormone receptor-negative), and triple nega-
tive (ER- , PgR- and HER2-negative).

Statistical considerations

The primary and secondary endpoints were OS (time from
randomization to the date of last contact or of death from
any cause), and DFS (time from randomization to the date of
locoregional or distant recurrence, second invasive breast
carcinoma, second primary cancer, and/or death without
evidence of breast cancer), respectively. DFS and OS
probabilities and 95 % confidence intervals (95 % CI) were
computed by the product-limit method and the absolute
effect of treatment was assessed by the log rank test.
Estimated hazard ratios (HR) and their 95 % CI were
calculated from Cox regression models in univariate anal-
yses performed for each biomarker. Ki67, HER2, ER, and
PgR were entered as individual markers in a multivariate
Cox model adjusted for age (>50 vs. <50 years), lymph
node status (positive vs. negative), tumor size (as contin-
uous variable), grade (3 vs. 1 + 2), treatment, and treat-
ment-by marker interaction. The predictive value of each
biomarker was evaluated with a test of interaction between
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treatment effect and biomarker expression using Cox
models including the biomarker, treatment, and treatment-
by-marker interaction.

No correction for multiple comparisons was made
because of the exploratory nature of this study. All P val-
ues were based on two-sided testing, and statistical anal-
yses were performed with SAS (version 9.3, SAS Institute).

Results

Patient and tumor characteristics are presented in Table 1
and are representative of the entire study population [11].
At a median follow-up of 69 months, there were no sig-
nificant differences in the DFS and OS of the entire pop-
ulation or of any subgroup between patients receiving
epirubicin followed by CMF and those administered CMF
followed by epirubicin [11]. Unless otherwise specified,
data from the two arms (A and B) were merged and
compared with arm C (CMF alone). In the entire popula-
tion of 705 patients the epirubicin-containing regimens
were superior to CMF alone in terms of both DFS (HR
0.54, 95 % CI 0.39-0.77; P = 0.0006) and OS (HR 0.44,
95 % CI 0.27-0.71; P = 0.0009).

An analysis restricted to patients enrolled until the data
of CMF arm closure confirmed the results, in terms of HR,
that emerged from the main analyses of the present study
(data not shown).

Prognostic impact of tumor biomarkers

Overall, Ki67 > 20 % and ER/PgR negativity were asso-
ciated with worse DFS and OS (Table 2). The effects of ER
and PgR were essentially maintained within the different
treatment arms. A high Ki67, although generally detri-
mental, was only significant for DFS in the epirubicin arm.
HER?2 overexpression had a non-significant detrimental
effect on DFS and OS in the epirubicin arm only.

Within the epirubicin-treated group, the prognostic
impact of negative ER/PgR and HER2 overexpression was
statistically significant in arm A (epirubicin followed by
CMF) but not in arm B (CMF followed by epirubicin) [11].
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0.356
0.001

0.65 (0.26-1.61)
0.39 (0.22-0.69)

93 (87-99)

81 (72-89)

8/74

96 (93-99)
91 (87-95)

12/280
24/265

Positive

23/86

Negative

Tumor subtype

0.001

0.24 (0.10-0.57)
0.68 (0.21-2.16)

71 (57-86)

12/40
5/18

91 (86-97)
87 (78-96)
95 (93-98)

9/116
8/58

ER—, PgR—, HER2—

0.512

83 (65-100)
93 (88-98)

ER—, PgR—, HER2+

0.149

0.60 (0.30-1.20)

14/102

19/371

ER+ and/or PgR+, any HER2

Triple unfavorable

0.001

0.30 (0.15-0.63)
0.63 (0.32-1.22)

72 (59-84)
93 (89-98)

16/52

90 (85-95)

14/148
22/397

ER—, PgR—, Ki67 > 20 %

Other

0.170

15/108

95 (92-97)

Significant results are in bold type

& Cutoff 20 %

Prognostic impact of tumor subtypes

A triple negative phenotype was associated with worse
DFS and OS compared with the combination of other
subtypes after CMF alone (Table 2). Conversely, the
HER2-positive subtype was associated with worse out-
come in the entire patient population and in the epirubicin-
treated cohort. The hormone receptor-positive subtype was
always associated with a better outcome.

The combination of negative ER and PgR with
Ki67 > 20 % (herein called “triple unfavorable” tumors)
showed a worse DFS and OS in the entire patient cohort
and in the subgroup treated with CMF alone. A slightly
lower negative impact was noted after the addition of
epirubicin to the regimen.

Predictive value of tumor biomarkers and tumor
subtypes

We compared the efficacy of epirubicin-containing regi-
mens and CMF alone within subgroups of patients defined
by the expression levels of single biomarkers or by tumor
subtypes (Table 3). When considering individual bio-
markers, although benefit from epirubicin was higher in
patients with high Ki67, negative HER2 or negative hor-
mone receptors, the treatment by marker interaction was
never significant (data not shown).

Among patients with triple negative subtype, epirubicin-
containing regimens yielded better DFS and OS compared
with CMF (Table 3; Fig. 2a, b). In patients with hormone
receptor-positive subtype, epirubicin yielded better DFS,
but the impact on OS was not significant. No significant
benefit from epirubicin emerged in patients with HER2-
positive subtype. The interaction between treatment and
subtype (HER2-positive vs. others) was highly significant
for DFS (y* = 6.72, P = 0.009), with a trend toward sig-
nificance for OS (y* = 3.46, P = 0.063).

Among patients with “triple unfavorable” tumors, the
epirubicin-containing regimens yielded significantly better
DFS and OS compared with CMF (Fig. 2¢, d); treatment
by tumor type (triple unfavorable vs. others) interaction
was not significant.

Multivariate analysis

Multivariate Cox regression models were built including the
biological markers, the main conventional prognostic factors,
the treatment variable and the treatment by tumor subtype
(HER2-positive vs. others) interaction (Table 4). Tumor size,
histologic grade, treatment, and treatment-by tumor subtype
interaction were independent predictors of DFS. Tumor size,
PgR status, treatment, and treatment-by tumor subtype
interaction were independent predictors of OS.
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Overall survival

a Triple negative b Triple negative
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o

0.40 1
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0.00 4
0 12 24 3 48 60 72 84 9 108
months

Fig. 2 DFS and OS in triple negative (a, b) and triple unfavorable (c,
d) breast cancer patients according to treatment. 7N triple negative
tumor (ER-negative, PgR-negative, and HER2-negative), TU triple
unfavorable tumor (ER-negative, PgR-negative, and Ki67 > 20 %),

Discussion

The present exploratory study identified a benefit from the
addition of epirubicin to CMF in patients with highly prolif-
erating triple negative tumor and a lack of benefit in women
with the HER2-positive tumor subtype. Up to now the search
for strong predictors of anthracycline benefit has been elusive.
Most research has focused on HER2 overexpression or gene
amplification and topoisomerase Ilo expression or gene
(TOP2A) amplification or deletion. However, a large meta-
analysis of individual patient data concluded that, while HER2
amplification and TOP2A alterations are predictive of
response to anthracyclines, the possibility of patients with
normal HER2 and TOP2A tumors also benefitting cannot be
ruled out [4]. Chromosome 17 centromere enumeration probe
(Ch17CEP) duplication has been associated with improved
outcome from treatment with anthracyclines [16, 17].
Ch17CEP duplication is a marker of chromosomal instability
(CIN), which has also been associated with benefit from
anthracyclines [18]. Nonetheless, CIN has also been correlated

0.40 -

0.20

0.00

0 12 24 3% 48 60 72 84 9% 108
months

Other other tumor type (not TN or not TU), CMF cyclophosphamide,
methotrexate, and fluorouracil, E - CMF/CMF — E epirubicin fol-
lowed by CMF or CMF followed by epirubicin

with sensitivity to other drugs, such as carboplatin [19], and
this mechanism may therefore not be anthracycline-specific.
Most potential predictors of response to anthracyclines
are related to tumor proliferation. Topoisomerase Ila
expression is closely related to the cell cycle phase [4].
Although Ch17CEP duplication is not associated with Ki67
[16], CIN correlates with high histological grade [18] and
is more frequent in ER-negative and triple negative tumors,
which are often highly proliferating. Thus, it is not sur-
prising that highly proliferating, triple negative tumors
benefit in particular from anthracyclines. In our study, an
advantage from epirubicin was not significant in HER2-
positive tumors and was absent in the HER2-positive
subtype (ER—, PgR—, HER2+-). Although several studies
have hypothesized an increased benefit from anthracyclines
compared to CMF in patients with HER2-positive tumors
[3, 4], a formal statistically significant interaction between
HER?2 status and treatment has rarely been reported [20,
21]. A meta-analysis of individual patient data showed a
significant interaction in relation to event-free survival but
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Table 4 Multivariate Cox regression analysis

DFS

HR (95 % CI)

Complete model

Age (>50 vs. <50 years)

Tumor size (continuous variable)

Lymph node status (positive vs negative)

Grade 3 vs. 1 4+ 2)

Ki67 (>20 % vs. <20 %)

HER2 (positive vs. negative)

ER (negative vs. >positive)

PgR (negative vs. positive)

Treatment (E - CMF + CMF — E vs. CMF)

Treatment by subtype (HER2 + vs. others) interaction
Backward analysis

Tumor size (continuous variable)

PgR (negative vs. positive)

Grade 3 vs. 1 + 2)

Treatment (E - CMF + CMF — E vs. CMF)

Treatment by subtype (HER2 + vs. others) interaction

0.95 (0.67-1.36)
1.29 (1.16-1.45)
1.47 (1.02-2.12)
1.66 (0.99-2.78)
1.11 (0.72-1.72)
0.86 (0.55-1.33)
1.12 (0.70-1.78)
1.30 (0.82-2.05)
0.58 (0.39-0.87)
2.29 (1.15-4.56)

1.34 (1.21-1.49)
1.73 (1.05-2.85)
0.57 (0.38-0.84)
2.60 (1.58-4.27)

0S
2 HR (95 % CI) P
0.798 1.15 (0.69-1.92) 0.580
<0.0001 1.42 (1.23-1.63) <0.0001
0.036 1.37 (0.80-2.32) 0.247
0.053 1.70 (0.75-3.82) 0.202
0.636 1.60 (0.77-3.34) 0.209
0.494 1.10 (0.59-2.06) 0.764
0.639 1.29 (0.66-2.50) 0.452
0.261 1.43 (0.74-2.78) 0.285
0.008 0.57 (0.32-1.01) 0.054
0.018 1.82 (0.70-4.74) 0.220
<0.0001 1.47 (1.29-1.67) <0.0001
1.80 (1.01-3.19) 0.045
0.031 - -
0.005 0.55 (0.31-0.97) 0.040
0.0002 2.36 (1.14-4.89) 0.020

Significant results are in bold type

not to OS [4]. Other studies did not highlight any benefit
from anthracyclines in patients with HER2-positive tumors
[22, 23]. In particular, the BR9601 study, a study similar to
ours that compared four cycles of epirubicin followed by
four cycles of CMF with eight cycles of CMF, only showed
a benefit from anthracyclines in HER1/HER2/HER3-neg-
ative tumors [23]. There is no clear rationale for a rela-
tionship between HER2 overexpression and benefit from
anthracyclines, and preclinical studies have not found any
differences in sensitivity to CMF compared with CEF in
breast cancer cells overexpressing HER2 [24].

A subgroup analysis of the Canadian MAS study
assessing results in intrinsic subtypes defined by gene
expression profiling reported the greatest benefit from CEF
(vs. CMF) in the HER2 subtype, and no added benefit for
CEF in basal-like tumors [25]. Differences in the definition
of tumor subgroups (based on gene profiling vs. immuno-
histochemistry), in treatment schedules (CMF with oral vs.
intravenous cyclophosphamide), number of cycles (6 with
epirubicin vs. 4 with epirubicin plus 4 without) and cumu-
lative dose of anthracycline could explain these findings.
Although epirubicin was present in both sequential arms of
our study (epirubicin followed by CMF and CMF followed
by epirubicin), the lack of benefit from this anthracycline
was more evident in the former sequence (data not shown).

Thus, other factors, such as initiating treatment with
polychemotherapy rather than a single agent, or the timing
of anthracycline administration, may also play a role. This
study has the main limitation that the arm with CMF alone

@ Springer

was closed in advance for ethical reasons, thus reducing the
power of the analyses. Meanwhile, the study has a major
merit in the severe and strict validation of biological
determinations.

In conclusion, the retrospective nature and multiplicity
of the tests we conducted indicate that our analyses can be
considered exploratory and hypotheses-generating ones.
The results we presented suggest that patients with triple
negative, highly proliferating tumors show a better out-
come when treated with an association of epirubicin and
CMF rather than with intravenous CMF alone. Conversely,
we could find no evidence that the epirubicin-CMF
sequence improves prognosis of patients with HER2-
positive, hormone receptor-negative tumors.
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