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Abstract Treatment with fluororacil, epirubicin, and
cyclophosphamide followed by weekly paclitaxel (FEC-P)
yielded superior disease-free survival than FEC in the
adjuvant breast cancer trial GEICAM 9906. We evaluate
molecular subtypes predictive of prognosis and paclitaxel
response in this trial. Two molecular subtype classifications
based on conventional immunohistochemical and fluores-
cent in situ hybridization determinations were used: #1:
Four groups segregated according to the combination of
hormone receptor (HR) and HER2 status; #2: Intrinsic
subtype classification (Triple Negative (TN), HER2,
Luminal B and Luminal A). Results: Both subtype classi-
fications yielded prognostic and predictive information. HR
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+/HER2— patients (and Luminal A patients) had a sig-
nificantly better outcome than the other subgroups of
patients. The superiority of FEC-P over FEC was clearly
more marked in HR—/HER2— patients (TN patients),
particularly in the subset with basal phenotype (TN and
either EGFR+ or cytokeratins 5/6+4). The Luminal A
subtype also achieved a significant benefit with FEC-P. The
molecular-defined subgroup of TN was clearly predictive
of better response to treatment with FEC-P. Luminal A
patients had the best prognosis and also have a better
outcome with weekly paclitaxel.
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Introduction

Several adjuvant therapy trials comparing anthracycline
versus taxane containing regimens have shown an absolute
improvement in disease-free survival (DFS) of 4-7% with
taxanes [1-6]. Many attempts have been made to identify
the molecular peculiarities of the tumors of the patients
who may obtain the greater benefit from taxanes [7]. A
study by the CALGB group has suggested that patients who
obtain the maximum benefit from paclitaxel are those
whose tumors overexpress HER2 [8]. Similarly, the clas-
sification into four intrinsic subtypes, as defined by Perou
et al. [9], (i.e., Luminal A, Luminal B, HER2 and basal-
like), has been shown recently to be of prognostic and
predictive value. A simple “immunopanel”, based on
standard immunohistochemical (IHC) measurements and
fluorescent in situ hybridization (FISH), has been used
recently to segregate the patients from the BCIRG 001 trial
into these same subtypes [10]. We have previously reported
the 5-year results of GEICAM 9906, an adjuvant trial in
node positive breast cancer in which four cycles of FEC
followed by eight cycles of weekly paclitaxel yielded a
superior 5-year DFS, but not 5-year overall survival (OS),
compared to six cycles of FEC [11].

We report, here, an analysis of the prognostic and pre-
dictive value of paclitaxel efficacy of two classifications of
tumors based on conventional pathological parameters.

Methods

GEICAM 9906 was an adjuvant multi-centered random-
ized phase III study of six cycles of FEC (control arm)
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versus four cycles of FEC followed by eight cycles of
weekly paclitaxel (experimental arm) for node-positive
breast cancer. The characteristics of the patients have been
previously reported [11].

The primary endpoint of the trial was 5-year DFS,
according to the definition of Invasive Disease Free Sur-
vival (IDFS) in the Standardized Definitions for Efficacy
and End Points in Adjuvant Breast Cancer Trials (STEEP)
System [12]. Secondary endpoints were: (1) overall sur-
vival, defined as the time from randomization until death
from any cause; (2) prognostic and predictive value of the
molecular markers (HR status and HER2 status); (3) safety.

The study was approved by the institutional review boards
of all participating hospitals and by the Spanish Government
Health Authorities and was registered at www.clinicaltrials.
gov (identifier code: NCT00129922). All patients signed an
informed consent form before being enrolled in the trial.
Patients were also requested to sign a specific informed
consent for molecular analyses of their tumors.

Immunohistochemical and fluorescent in situ
hybridization analysis of tumors

Paraffin-embedded tumor samples from the primary tumors
of the patients who consented were processed centrally.
Tumor tissue was analyzed in tissue microarrays of three
separate cores (each of 0.6 mm in diameter) from each
tumor sample. The hormone receptor status of tumors was
evaluated by IHC analysis for progesterone receptor (PR)
(anti-progesterone receptor antibody clone PgR636, dilu-
tion 1:50, product M3569, DAKO, Carpinteria, CA, USA)
and estrogen receptor (ER) (anti-estrogen receptor anti-
body clone 1D5, dilution 1:35, product M7047, DAKO)
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using the DAB Map system (Ventana Medical Systems,
Tucson, AZ, USA). Staining was initially scored according
to the Allred method [13]. However, to compare the results
of our study with those of BCIRGOO01 [10], we reclassified
our samples according to ER+ or PR+ if staining was
present in >1% of tumor nuclei. Tumors were considered
HR+ if they were ER+ or PR+

HER2 status was evaluated by FISH (HER2 FISH
pharmDx kit, product K5331,DAKO, Glostrup, Denmark)
according to recent recommendations [14]. A positive
result was defined as a HER2 gene to chromosome 17 ratio
of >2. A semiquantitative scoring system was employed to
evaluate the amount of cells expressing all other markers
(Ki67, cytokeratins 5/6 and EGFR). The scoring was
0 = negative; E = rare cells, <10%; 14+ = 10% up to 1/3
of cells; 2+ = between one-third and two-thirds of cells;
3+ = more than two-thirds of cells.

Results for Ki67 were recoded as Ki67high (scores 1+,
2+, 3+), and Ki67low (scores 0, E). Cytokeratins 5/6 and
epidermal growth factor were considered positive when
any staining was present (scores E, 1+, 24, 3+).

To analyze the prognostic and predictive value of
molecular subgroups, two classification systems based on
the pathology parameters defined above (HR status, HER
status, plus or minus Ki67) were used

(1) HR/HER? classification: four groups were segregated
according to the combination of HR and HER?2 status
(i.e., HR+/HER2+, HR+4/HER2—, HR—/HER2+,
and HR—/HER2-).

(2) Intrinsic molecular subtypes: this classification is
based in the concept that a simple “immunopanel” of
ER, PR, HER?2 and Ki67 can serve as a proxy for a
more complex genetic subtyping [10]. Patients were
classified as: (1) Triple Negative (TN) (ER—, PR—,
HER2-); (2) HER2 (ER—, PR—, HER2+); (3)
Luminal B (ER+ and/or PR+ and either HER2+
and/or Ki67high); (4) Luminal A (ER+ and/or PR+
and not HER2+ or Ki67high). As an additional
exploratory analysis, we assessed the outcome of the
subset of patients showing basal phenotype (TN and
EGFR positive and/or cytokeratins 5/6+), since this
phenotype has been shown to have superior prognos-
tic value to the TN phenotype [15].

The results are presented in accordance with reporting
recommendations for tumor marker prognostic studies
criteria [16].

Statistical analyses

Survival variables (i.e., relapse and death) were analyzed
with the Kaplan—-Meier method [17]. Since patients

belonging to some subgroups (i.e., those with hormone
receptor-positive tumors) can have late recurrences, we
made a 7-year update of the results of the trial in order to
have more reliable recurrence data. The log-rank test was
used to compare time-to-event data between treatment arms,
or between subgroups. Hazard ratios and 95% confidence
intervals (95% CI) were obtained from the Cox’s propor-
tional hazards models. The hypotheses tests were two-sided,
and the values for alpha and beta accepted as being statis-
tically significantly were 0.05 and 0.2, respectively.

The relative efficacy of FEC-P versus FEC in terms of
DFS was analyzed in each of the previously described
molecular subgroups. We performed a Cox proportional
hazards model to evaluate the effect of chemotherapy on
DFS in these subgroups. To rule out any confounding
effects of other variables we included the age, menopausal
status, tumor size, lymph node status, and hormonal ther-
apy in the model.

Results

At a median follow-up of 7 years, a total of 364 DFS events
have been recorded (205 in the FEC arm and 159 in the FEC-
P arm (hazards ratio: 0.75; 95% CI: 0.61-0.93; P = 0.007).
The 7-year DFS was significantly superior in the FEC-P arm
(75% vs. 68%; P = 0.007 log-rank test). There have been
217 deaths (125 in the FEC arm and 92 in the FEC-P arm
(hazards ratio: 0.74; 95% CI: 0.56-0.96; P = 0.026). The 7-
year OS was also significantly superior in the FEC-P arm (84
vs. 79%; P = 0.025 log-rank test) (Fig. 1a, b).

Molecular subtype analysis

Tumor samples for evaluation in a central laboratory were
available from 928 (74.5%) of the 1,246 patients in the
trial. The demographic and prognostic features, as well as
7-year DFS and OS, of patients whose tumor samples had
been centrally tested were similar to those that had not
been centrally tested (data not shown).

Figure 2a and b show Kaplan—Meier analyses for DFS
in the two molecular classifications. In the HR/HER2
classification (Fig. 2a), HR+/HER2— patients had a sig-
nificantly better DFS than the rest of the groups
(P <0.0001). In the intrinsic subtype classification,
Luminal A patients had the best DFS outcomes (P < .0001
for Luminal A vs. TN + HER2; and P < 0.0001 for
Luminal A vs. Luminal B). TN and HER2 had the worst
outcomes. Luminal B patients had an intermediate
outcome, although the difference with TN 4+ HER2 was
not statistically significant (HR for DFS: 0.85; 95% CI:
0.65-1.11; P =0 .227).
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Fig. 2 DFS according to the two classifications. a hormone receptor/HER?2 classification. b intrinsic subtypes (see text)

Figure 3 shows the DFS curves of the four HR/HER2
subgroups segregated with respect to the assigned treat-
ment. FEC-P was statistically significantly superior to FEC
only in the HR—/HER2— subgroup. In the intrinsic subtype
classification, FEC-P was statistically significantly superior
to FEC in the TN and Luminal A subsets (Fig. 4). Since
patients had not been stratified according to subtypes, a
Cox’s regression analysis of DFS was performed to rule out
false positive results. The confounding variables included
age, menopausal status, tumor size, histologic grade, his-
tologic type, extra-capsular ganglionar invasion, number of
lymph nodes, chemotherapy arm, and hormonal therapy. In
the TN subgroup, menopausal status (P = 0.048), number
of axillary lymph nodes involved (P = 0.049), and che-
motherapy arm (P = 0.035) were independent variables
predictive of DFS. In the Luminal A subgroup, histologic
grade (P = 0.020), number of axillary lymph nodes

@ Springer

involved (P < 0.0001), hormonal adjuvant therapy (P =
0.001) and chemotherapy arm (P = 0.011) were indepen-
dent variables predictive of DFS.

In the small subset of patients showing basal phenotype
(TN and EGFR positive and/or cytokeratins 5/6 positive;
n =179), FEC-P was significantly superior to FEC, with
7-year DFS of 83 versus 57% (P = 0.018) (Fig. 5). In
this subgroup, the hazards ratio for DFS was 0.33 (95%CI:
0.12-0.87; P = 0.024).

Discussion

The 7-year follow-up update of GEICAM 9906 trial con-
firms a statistically significant advantage of FEC-P over
FEC in terms of DFS (75 vs. 68%) and shows now a sig-
nificant benefit in OS (84 vs. 79%) not seen in the 5-year
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Fig. 3 DFS with FEC and FEC-P in the four subgroups of hormone receptor/HER?2 classification (see text)

follow-up. The benefit with FEC-P is, however, small in
absolute terms (7% in recurrences and 5% in deaths).
Hence, using standard IHC and FISH methods to charac-
terize patients, we attempted to define the subgroup of
patients who do actually benefit from paclitaxel. The HR/
HER?2 classification as well as the intrinsic subtype clas-
sification defined groups with good outcomes with che-
motherapy with/without additional radiation and hormonal
therapy (i.e., the HR+-/HER2— and Luminal A, with 7-year
DFS of 77 and 85%, respectively). Similarly, both classi-
fications were coincident in showing poor prognosis for
HR—/HER2+, and TN patients (7-year DFS of around
63%).

The DFS curves of the four intrinsic subtypes in the
GEICAM 9906 are very similar to those of the same sub-
group classification in the BCIRG 001 trial [10]. Since
the advent of trastuzumab which significantly improves
the treatment outcome in HER2+ patients [18, 19], the

prognostic value of these two classifications has become
reduced, with only the data of Luminal HER2— and TN
patients being of interest today.

The outcomes of the four subgroups (in terms of 3-year
DFS) were somewhat similar in both trials: Luminal A
(94% GEICAM 9906 vs. 91% BCIRG 001), Luminal B (82
vs. 82%), TN (75 vs. 67%), and HER2 (73 vs. 68%).

Using THC/FISH classifications, we also sought to
identify the subgroup of patients who would most benefit
from the additional weekly paclitaxel. Overall, the maxi-
mum benefit with FEC-P was seen in the subset of TN
patients. In these patients, FEC-P reduced the likelihood of
relapse by 47%, and yielded an absolute benefit in 7-year
DFS of 18% with respect to FEC (74 vs. 56%). A Cox
regression indicated that treatment with FEC-P remained a
significant predictor of DFS.

Of considerable note was that in the small subgroup of
TN patients showing basal phenotype in our study, FEC-P
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treatment reduced the likelihood of recurrence by 67%
compared to the treatment with FEC, and this difference
was statistically significantly (P = 0.018) despite the small
number of patients in this subgroup. The absolute benefit
with FEC-P in terms of 7-year DFS was as high as 26%.
Again, a Cox regression analysis showed that treatment
with FEC-P was an independent predictor of DFS. The
poor outcome in the TN subgroup seen in our study with
the standard FEC treatment (7-year DFS of 56%) is similar
to that reported by Tan et al. [20]. in a similar patient
population treated with conventional adjuvant anthracy-
clines (7-year DFS of 58%). The role of anthracycline-
containing combinations as adjuvant therapy of TN tumors
is currently being debated since anthracylines seem to be
more efficacious than CMF-like regimens only in HER2
overexpressing tumors [21]. A recent analysis of the
Canadian MAS adjuvant trial in which, overall, six cycles

@ Springer

of CEF were superior to six cycles of CMF [22], showed
that patients with basal tumors (defined by IHC methods, as
in our study) had a significantly better 5-year OS with CMF
than with CEF (71 vs 51%, respectively, P = 0.009). The
poor outcomes of TN patients with full dose epirubicin-
containing combination in all these studies, also seen in the
GEICAM 9906 trial, speaks against the use of anthracy-
clines in TN tumors.

Hayes et al. [8] published their results of the interaction
of her2, paclitaxel treatment and outcome in the CALBG
9344 trial which compared four cycles of AC to AC fol-
lowed by four cycles of paclitaxel. They observed that
her2-positivity, regardless of estrogen receptor status, was
associated with a significant benefit from paclitaxel
administration (HR for recurrence of 0.59; P = 0.01). An
exploratory analysis of the benefit of paclitaxel based on
her2-positivity and estrogen receptor status was also
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performed, as in our study. In terms of DFS, the benefit of
adding paclitaxel to AC was statistically significant in
HR—/HER2+ patients (P = 0.001) and HR—/HER-—
patients (P = 0.002). HR+/HER2+ obtained a benefit
with paclitaxel of borderline significance (P = 0.058). The
remaining patients (HR+/HER2—), appeared not to benefit
from the addition of paclitaxel to AC. Some of the results
of the CALGB 9344 trial have not been confirmed by the
GEICAM 9906 trial. In our study, FEC-P was not statis-
tically superior to FEC in the subgroups HR+/HER2—,
HR—/HER2+ and HR+/HER2+ in the HR/HER?2 classi-
fication. As in the CALGB 9344 trial, our study found a
statistically significant benefit with paclitaxel in patients
with HR—/HER— tumors, but the benefit of the addition of
paclitaxel in the her2 positive subgroups observed in the
CALGB 9344 trial was not clear in our trial. The differ-
ences in subtype analyses seen in these two trials could be
due to several factors. First, there was an inequality in the
CALGB 9344 trial in terms of duration of treatment (four
vs. eight cycles); thus the benefit seen could have been due
merely to a more protracted chemotherapy regimen rather
than a taxane-specific effect. Second, the control arm (four
cycles of AC) could be a suboptimal adjuvant treatment
regimen, particularly in patients whose tumors overexpress
her2. Since her2-positive patients obtain the maximum
benefit with anthracyclines [21], the administration of an
appropriate anthracycline regimen is of the critical
importance for this particular subset of patients. Finally,
the differences in subset results of the above-mentioned
trials could be due to the reduced study’s power to detect

statistically significant treatment differences in those sub-
sets with small number of patients.

In our study, we found an unexpected superiority of
FEC-P over FEC in the Luminal A subtype, confirmed in a
multivariate analysis that included other relevant variables
such as number of axillary lymph nodes involved, tumor
grade, menopausal status and hormonal therapy. In the
BCIRG 001 trial TAC was not superior to FAC in the
Luminal A subset. Similarly, in the French PASC 01 trial,
Luminal A patients (hormone receptor positive patients
with low Ki 67 expression), apparently did not get any
benefit from the addition of sequential docetaxel to FEC
[23, 24]. The reasons for this discrepancy remain unclear.

In the BCIRG 001, TAC was associated with a better
DFS than FAC in the HER2 subset; albeit the differences
did not reach statistical significance (P = 0.068) probably
due to the sample size (n = 113). In the GEICAM 9906
trial, no conclusion can be drawn in this subset due to the
same reason (only 86 patients in the HER2 subtype).
BCIRG 001 and GEICAM 9906 were coincident in
showing an advantage of the taxane arm in the TN patient
subpopulation although, in the BCIRG trial, the difference
was of borderline significance (P = 0.051). A a subgroup
analysis of the French PACS 01 trial (comparing six cycles
of FE100C with three cycles of FE100C followed by three
cycles of docetaxel) found that the benefit with docetaxel
was mainly confined to the basal-like subtype [23, 24]. The
activity of taxanes in TN/basal tumors, seen in all these
retrospective analyses, would be particularly relevant since
no targeted therapy is currently available for this patient
population.

Retrospective subset analyses intended to identify sub-
sets of patients who obtain the maximum benefit from a
particular therapy, are now common in adjuvant breast
cancer trials. However, the interpretation of results requires
caution. For example, multiple, unplanned analyses can
lead to spurious treatment correlations (false positive
results). Further, the post-hoc segregation of the overall
patient population into subsets reduces the study’s power to
detect statistically significant treatment differences, since
many of the subsets become very reduced in size leading to
potential false negative results. Finally, there is a real
possibility of publication bias, i.e., negative results (lack of
association) are seldom submitted for publication by the
investigators and, when submitted, are rarely accepted by
medical journals. Because of all these caveats, the results
of such subset analyses are considered merely hypothesis
generating.

Unfortunately, in real life, the majority of the interesting
hypotheses generated by retrospective analyses will never
be tested in prospective trials. For instance, a prospective
trial intending to confirm the lack of superiority of TAC
over FAC in Luminal A patients, will probably never be
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conducted because of ethical concerns, difficulties in
enrolment, together with the protracted trial period and
follow-up needed to generate conclusive results. Therefore,
a renewed scientific debate on the real value and practical
applications of retrospective subset analysis seems
increasingly necessary.

In summary, the IHC subgroup analyses of GEICAM
9906 trial, although retrospective and unpowered for some
subsets, firmly suggest that the benefit from FEC-P over
FEC in 7-year DFS is mainly due to the effect of paclitaxel
in the TN/basal phenotypes, an observation common to
other taxane studies. The potential benefit seen with pac-
litaxel in Luminal A patients is intriguing and need to be
confirmed in other trials.
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