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Abstract. Background: The objective of this study was to
determine the predictive impact of several established tumor
biological factors (progesterone receptor, estrogene receptor,
HER2/neu, and Ki-67) on response to pre-operative combination
chemotherapy with epirubicin and paclitaxel in a representative
group of primary breast cancer patients. Patients and Methods:
Thirty-eight primary breast cancer patients (metastasis-negative)
received pre-operative chemotherapy with epirubicin and
paclitaxel. The response characteristics analyzed included
pathological complete response and partial remission determined
by 3D ultrasound, as well as down-staging and breast conserving
surgery. Results: Pathologically complete response occurred in six
patients. Overexpression of HER2/neu, low (negative) hormone
receptors and high Ki-67 were all significant positive predictive
factors for response to pre-operative chemotherapy. Conclusion:
HER?2/neu overexpression is predictive for response not only to
trastuzumab, but also to epirubicin and paclitaxel.

In randomized trials, relapse-free and overall survival after pre-
operative vs. postoperative therapy are comparable for a given
chemotherapy regimen (1-4). Moreover, by down-staging the
primary tumor, pre-operative chemotherapy generally
increases the proportion of breast cancer patients eligible for
breast conserving therapy. Factors that could help to predict
response (long-term survival) to adjuvant chemotherapy are
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also likely to have an impact on response to chemotherapy in
the pre-operative setting. Hence, in view of the rapidly
developing tumor biological approaches to breast cancer
treatment, identification of tumor biological processes
determining pre-operative therapy response could also
accelerate progress towards adjuvant therapy individualization
and thus contribute to a long-term patient survival benefit. To
this end, the impact of several established tumor biological
factors (estrogen and progesterone hormone receptors,
HER2/neu, and Ki-67) on the response to pre-operative
combination chemotherapy with epirubicin and paclitaxel in a
representative group of primary breast cancer patients was the
focus in this study.

The anthracycline-based agent epirubicin is less toxic than
doxorubicin at the same dosage and is widely used in
Germany for the treatment of both primary and metastasized
breast cancer, as well as for ovarian cancer and soft-tissue
sarcoma (5). Though less intensive than doxorubicin (6), the
side-effects of epirubicin include hematological and cardiac
toxicity, as well as mucositis, nausea and vomiting, reversible
hair loss and local skin reactions. The combination of
epirubicin with paclitaxel here is based on evidence of its
efficacy in adjuvant as well as pre-operative trials and on a
basic understanding of its chemotherapeutic action on the
tumor (7-9). Adjuvant taxanes have improved overall survival
(OS) in several studies (10, 11), in particular the Geicam study
(12, 13). The side-effects include allergic reactions, bone
marrow and cardiac toxicity, as well as possible cumulative
liver complications such as neutropenia, leukocytopenia,
thrombocytopenia, anemia and neurological toxicity.
Combination chemotherapy is generally considered to be
more effective than monotherapy (14-16) and is
recommended by the NIH in most cases of primary breast
tumors exceeding 1 cm in size (17). The Early Breast Cancer
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Trialists’ Collaborative Group (14, 15) found an advantage of
polychemotherapy, including anthracyclines, compared to
CMF with respect to disease-free survival (DFS) and OS.
However, although the overall efficacy of epirubicin and
paclitaxel is supported by evidence, there is much to be
learned about the impact of tumor biological factors on the
efficacy of these treatments alone and especially in
combination (15). As in any treatment regimen with side-
effects, it would be of enormous benefit to classify groups of
patients most likely to benefit from these therapies. In order
to gain as much insight as possible into the processes involved,
the pathological and sonographic measures of response were
considered primary indicators and down staging and breast
conserving operations were considered secondary indicators.

Patients and Methods

This prospective uncontrolled study was conducted in the department
of OB/GYN at Cologne University initially on 41 consecutive primary
breast cancer patients (metastasis-negative) between 2000 and 2003,
who were selected for treatment with combination pre-operative
chemotherapy with epirubicin and paclitaxel (Taxol®, Bristol Meyers
Squibb, Munich, Germany). The study power was 80% for
distinguishing pathologically complete remission (pCR) of 13% from
a null hypothesis of 3%. The diagnosis of primary breast cancer
included mammography, breast ultrasound and magnetic resonance
imaging (MRI). Prior to chemotherapy, high-speed core biopsies
were evaluated (blinded assessment) to determine her2/neu (DAKO-
Test), Ki-67 and hormone receptor percentages (immuno-
histochemistry), as well as histology and differentiation. Three of the
patients were lost to follow-up for reasons unrelated to their disease
stage or treatment, leaving a total of 38 for the end-point analysis.
The patient characteristics, including TNM classification, are
summarized in Table I. The median age was 49.7 years (range 30-69).
Of the 33 patients reporting menopausal status, 17 were pre-
menopausal and seven had undergone hysterectomies.

The study protocol specified that patients should receive up to six
cycles of chemotherapy with epirubicin (intravenous one-hour
infusion, dose 90 mg/m?) and paclitaxel (dose 175 mg/m?). The dose
modification criterion was evidence of progression after 2 or 4 cycles.
In this case, a new core biopsy was taken, chemosensitivity was
evaluated and a new chemotherapy regimen was determined.
Deviations from the chemotherapy protocol were implemented for
two out of the 38 patients. Eleven patients received supporting
erythropoetin (Erypo®, Ortho Biotech, Bridgewater, NJ, USA)
therapy administered according to hemoglobin levels. After
completion of the pre-operative therapy, patients who were
considered appropriate candidates for breast conserving surgery were
offered segmental mastectomy (lumpectomy). Patients who were
considered inappropriate for breast conserving surgery or who did
not desire it underwent total mastectomy.

Initially, the primary tumor and lymph nodes were classified (18)
according to palpitation, ultrasound, mammography and MRI.
Lymph node classification prior to surgery was possible in 35/38
cases. Grade (differentiation) and lymph node class were
determined initially and after surgery by breast pathologists at the
Institute of Pathology, Cologne University. Pre-operative grade
refers to core biopsies, post-operative to resected specimens.
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End-points and Statistics

Primary end-points. Pathologically clinical complete remission
(pCR) was defined as a binary variable (disappearance of all
clinical evidence of active tumor as assessed by a pathologist
following chemotherapy). Two additional continuous primary
variables were defined using sonographic and pathological
measurements, which are analogs of the conventional WHO
criteria: relative tumor size reduction according to

sonography Ay, was defined as:

A = [(Vsono (after) - Vsono (before)/ Vsono (before)]m

SOno

relative tumor size reduction according to pathology A
was defined as:

patho

Apatho = [(Lpatho (after) - Lpatho,recon(before)]/ Lpatho,recon
(before)

The quantities V., (before), Vq,,, (after) refer to the
volume of the tumor computed from ultrasound examinations
prior to and following chemotherapy, respectively. Ly, (after)
refers to the 1-dimensional tumor size reported by the
pathologist after chemotherapy. Finally, the quantity
Lpatho,recon(before) is a surrogate for the 1-dimensional tumor
size that a pathologist would have reported if the tumor had
been removed prior to chemotherapy. Of course, this quantity
is impossible to measure directly, but in our laboratory it was
possible to reconstruct this quantity approximately by
calibrating the tight empirical relationship between pathological
and sonographic size determinations (19). (Incidentally, since
the distribution-free statistical tests performed here involve
ranks, taking the cube root in the definition of Ay, actually
makes no difference in the analysis performed below.) If tumor
size increased according to one of these measures, the
corresponding variable was correspondingly negative. The value
Apatho =1 corresponds to pCR =1.

Secondary end-points. The characteristics of down-staging
were derived from a comparison of lymph node class and
tumor stage before (pN, pT) and after (ypN, ypT)
chemotherapy, respectively. To this end, we defined:
ApT=ypT-pT (tumor in situ counted as 0.5)
ApN=ypN-pN.

Defining tumor stage and lymph nodes as metric
variables is useful in a small group due to the increased
sensitivity of the statistical tests used.

Breast conserving surgery was defined as a binary variable
(yes/no).

Statistical methods. Since none of the tumor biological
measurements were normally distributed, distribution-free
tests or rank statistics were used whenever these variables
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Table 1. Patient characteristics.

Ductal Lobular Ductolobular Medullar Inflammatory Missing
Histology
Number 29 5 1 1 1 1
%0 76.3 13.2 2.6 2.6 2.6 2.6
pT T1 T2 T3 T4
Number 3 30 1 4
%0 7.9 78.9 2.6 10.5
pN NO N1 N2
Number 18 19 1
% 47.4 50.0 2.6
Grade G2 G2-3 G3 GX
Number 24 3 10 1
%0 63.2 7.9 26.3 2.6
Chemotherapy 3 cycles 4 cycles 5 cycles 6 cycles
Number 1 9 5 23
% 2.6 23.7 13.2 60.5
Estrogen receptor status positive (>10 %) negative
Number 27 11
%0 76.3 23.7
Progesterone receptor status positive (>10 %) negative
Number 20 18
%0 52.6 47.4
Her2/neu status positive (3+ by THC) negative (all others)
Number 9 29
% 23.7 76.3

were studied as continuous variables. The Wilcoxon test was
used for overall improvement in nodal and tumor status.
The association of tumor biological factors with the binary
variables pCR and breast conservation was analyzed by the
Mann-Whitney U-test (2-sided). Spearman’s correlations
were computed among the continuous variables. P-values as
reported here do not include corrections for possible
multiple testing. The influence of tumor biological factors
on the continuous primary measures Agy;, and Ay, Was
also evaluated by the Mann-Whitney U-test, but here binary
variables were defined in the usual way for estrogen and
progesterone receptor status, as well as HER2/neu status
(see Table I). Ki-67 was treated as a continuous variable in
all analyses. Associations between Ki-67 and A, 01 A
were characterized by Spearman’s correlations.

SOno

Results

Correlations and associations. The significant correlations
among the tumor biological factors were as follows: Ki-67
was negatively correlated with both estrogen (ER) and
progesterone receptor (PgR) percentages, in both cases with
Spearman’s correlation R=-0.42 (p=0.01); ER and PgR
were positively correlated at R=0.505 (p=0.001).

Overall response characteristics. In six of 38 patients, pCR was
achieved by pre-operative epirubicin and paclitaxel. The

median sonographically determined tumor reduction Ay,
was about 50% (mean 52%). The median relative tumor size
reduction according to pathology A, Was also about 50%
(mean 47%). These two measurements correspond to
approximately a factor of eight reduction in tumor volume.
The median improvement in tumor stage was one unit. The
improvements reflected in Ag,po, Apamo and ApT were
significantly different from zero, p<0.001. The improvement
in ApN was borderline (p=0.07) significant, with zero median.

Tumor biological impact on primary measures of response to
pre-operative therapy. The impact of the tumor biological
factors on pCR is summarized in Table II, which provides
the first example of two persistent trends: the patients
benefiting from pre-operative chemotherapy tended to be
those with lower progesterone receptor measurements but
higher levels of Ki-67.

The impact of tumor biological factors on response was
computed by studying relative tumor size reduction Ay, and
Apatho defined above, which in contrast to pCR are
continuous variables. The results for HER2/neu and the
receptors are summarized in Table III. Both negative ER
status and negative PgR status were associated with better
response, i.e., significantly larger tumor reductions according
t0 Agono and Ap, . This response advantage for ER-negative
and PgR-negative patients is quantified in Table III in terms
of the fractional rank within the population, amounting to 7
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Table I1. Impact of tumor biological factors on pathologically complete remission (pCR). Average fractional rank of each factor in group with pCR is

compared to corresponding average in group without pCR.

Factor N pCR=1 Ave. fractional rank p Association
difference between groups
HER2/neu overexpression 36 6 n.s.
Estrogen receptor % (ER) 36 6 n.s.
Progesterone receptor % (PgR) 36 6 -0.25 0.045 lower PgR — better pCR
KI67 33 6 0.30 0.033 higher KI67 — better pCR

pCR: pathological complete remission; n.s.: not significant.

Table II1. Impact of HER2 /neu and receptors on relative tumor size reduction Ag,,,, and A g, For each factor, average fractional rank of 4, and
Apatho in the group with positive status is compared to corresponding average in the group with negative status.

Measure of response

Asono Apatho
Factor N Ave. fractional p Association N Ave. fractional p Association
rank rank
difference difference
HER2/neu status 37 0.29 0.008 HER2+ — tumor reduction 36 - n.s.
ER status 37 -- n.s. -- 36 -0.25 0.017 ER- — tumor reduction
PgR status 37 -0.20 0.036 PgR- — tumor reduction 36 -0.20 0.045 PgR- — tumor reduction

Sono: sonography; patho: pathology; ER: estrogen receptor; PgR: progesterone receptor; n.s.: not significant.

or 8 ranks out of 36 or 37, respectively. Table III also shows
that positive HER2/neu status was significantly associated
with better response (as characterized by Ay,,), with a
difference corresponding to about 11 ranks out of 37. Finally,
there was a significant Spearman’s correlation of R=0.345
(p=0.049) between Ki-67 and Ap,,,. This correlation is
consistent with Table II in the sense that higher levels of Ki-
67 are associated with better partial response. Ki-67 was
significantly and positively correlated with grade (Spearman’s
correlation R=0.430, p=0.011), but the tumor grade itself
was not significantly correlated with response by any of the
measures available here.

From a knowledge of the continuous indicators, Ay,
and Ao, response was also classified according to WHO
response evaluation criteria (19, 20). The above statistical
tests were repeated using these classifications and led to the
same qualitative results as those in Table III.

Down-staging. The two down-staging indicators, ApT and
ApN, were significantly correlated (Spearman’s R=0.42,
p<0.001). The data for ApT were available in all 38 patients
(Table II). Considering ApT as a down-staging indicator,
the impact of the tumor biological factors on down-staging
was quantified in terms of Spearman’s correlations (Tables

1034

IV, V). Again, the directions of all effects were consistent
with those of the primary response indicators. The
relationships were also significant according to the Mann-
Whitney test for PgR status (p=0.001) and HER2/neu
status (p=0.049). The improvement of lymph node status
ApN was computed in the 38 cases available (see Table VI)
as a second down-staging indicator. None of the tumor
biological factors led to significant effects according to
Spearman’s correlations, but negative ER status was
significantly associated with down-staging according to the
Mann-Whitney test (p=0.047). The remaining tumor
biological trends observed in relation to lymph node status,
though not statistically significant, were consistent with the
trends for the primary response indicators. Tumor grade
was not a significant factor for down-staging.

Breast conserving surgery. Breast conserving therapy was
carried out in 24/38 patients (63.2%). In the case of the
PgR, lower receptor levels were significantly associated with
favorable results (p=0.022). The trends of all four tumor
biological factors (ER, PgR, HER2, Ki-67) on the secondary
end-point, breast conserving surgery, indicated a similar
effect as their respective influence on the primary variables.
Tumor grade had no significant influence.



Warm et al: Tumor Biological Factors and Pre-operative Chemotherapy in Breast Cancer

Table IV. Relationship between tumor stage before (pT) and after (ypT)
pre-operative chemotherapy.

Table V. Impact of the tumor biological factors on down-staging (ApT) in
terms of Spearman’s correlations.

pT=1 pT=2 pT=3 pT=4 Factor N R p Association
ypT=0 1 4 0 0 HER2/neu
ypT=Tis 0 1 0 0 expression 38 -0.40 0.013 overexpression > down-staging
ypT=1 1 11 0 2
ypT=2 1 13 0 1 Estrogen
ypT=3 0 0 1 1 receptor %
ypT=4 0 1 0 (ER) 38  0.36 0.026 lower ER — down-staging
Tis: Tumor in situ. Progesterone
receptor %
(PgR) 38 051 0.001  lower PgR — down-staging
K167 35 - n.s.

Safety data, side-effects. There were no severe adverse
events, such as cardio-toxicity or neutropenia; the
frequencies of less severe side-effects were not unusual.

Discussion

Regarding the group as a whole, our study confirms the
efficacy of pre-operative chemotherapy with the
combination epirubicin and paclitaxel at the dosages given
here. The overall characteristics of response, down-staging
and breast conserving surgery were consistent with what
was expected from many previous studies (16, 18-32). Of
key interest is the relative efficacy of this therapy regimen
in the pre-operative setting. Our pre-operative study
supports such a classification and could shed light on the
long-term survival issues in the adjuvant setting as well.
With other chemotherapy regimens, previous studies have
mostly shown either no difference or an advantage for pre-
operative treatment (1-2, 28, 33-37). For example, the
NSABP B-18 study showed comparable DFS, metastasis-
free survival and OS when the same chemotherapy regimen
was compared in the pre-operative and adjuvant setting (2).
To the extent that they tip the balance between the survival
advantage of pre-operative and adjuvant chemotherapy, the
evaluation of tumor biological factors such as those studied
here could be a key determinant of optimal individualized
primary treatment in the future. Specifically, our results
have provided evidence that a stronger response to pre-
operative epirubicin and paclitaxel chemotherapy occured
in patients with Her2/neu overexpression (3+), high Ki-67
levels, low levels of progesterone receptor (PgR-negative)
and (to a lesser extent) low levels of estrogen receptor
(ER-negative). This is in agreement with findings (3, 38)
that negative hormone receptor status is a predictive factor
for pre-operative chemotherapy. Our results also are
consistent with the findings of the GEPARTRIO study (38)
that negative hormone receptor status and high levels of
the proliferation factor Ki-67 are associated with higher
complete remission rates for pre-operative chemotherapy

n.s.: not significant.

Table VI. Improvement of lymph node status.

pN=0 pN=1 pN=2
ypN=0 15 0
ypN=1 3 11 1
ypN=2 0 0

pN: lymph node class before chemotherapy; ypN: lymph node class
after chemotherapy.

in breast cancer (41). To our knowledge, this study provides
the first evidence for the predictive role of these factors for
the pre-operative chemotherapy combination of epirubicin
and paclitaxel.

Our study contributes to the existing evidence (41) that
HER2/neu overexpression is a (positive) predictive factor not
only for response to trastuzumab, but also for pre-operative
chemotherapy, here using epirubicin and paclitaxel. A pre-
operative study (41) demonstrated an increased benefit with
respect to response for the combination of chemotherapy with
trastuzumab compared to chemotherapy alone in patients
overexpressing HER2/neu. This increased benefit is all the
more remarkable in light of our finding of HER2/neu
overexpression as a predictive factor for response to
chemotherapy even without trastuzumab. Our findings of a
stronger response to pre-operative epirubicin and paclitaxel
chemotherapy in patients with low levels of hormone receptor
are consistent with the results of the NASBP, GBG and
ECTO studies (21, 31, 56). Higher hormone receptor levels
(or positive status) have a favorable predictive impact on long-
term survival with respect to adjuvant endocrine therapy. This
predictive impact manifests itself statistically as a (possibly
time-varying) factor interaction between endocrine therapy
and hormone receptors in (mostly older) patient groups in
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which some patients receiving endocrine therapy were
receptor-negative and some receptor-positive patients
received no endocrine therapy (42, 43). However, there is little
evidence for statistical factor interactions between hormone
receptors and chemotherapy in the adjuvant setting, i.e., a
predictive role of hormone receptors for response to
chemotherapy. Hence, our study would provide support for
pre-operative chemotherapy at least in patients with both
hormone receptors low/negative. For patients with either ER-
or PgR-positive status, other studies considered the potential
advantages of pre-operative endocrine therapy (44, 45). If
PgR status is negative and ER status positive, the evidence
points to a favorable response to either pre-operative
endocrine therapy or pre-operative chemotherapy. There is as
yet no evidence available regarding the benefits of a
combination of both therapy regimens in the pre-operative
setting for this patient group. A significant survival benefit
(DFS and OS) was demonstrated, regardless of hormone
receptor status, for those patients who do achieve pCR (46).
Nonetheless, if the probability of achieving pCR is higher for
receptor-negative patients, then inclusion of receptor status in
the decision between pre-operative chemotherapy vs. adjuvant
therapy is still important.

Highly proliferating tumors (e.g., those with high Ki-67,
S-phase or MIB-1) are generally associated with decreased
DFS and OS (47-50). In particular, although the
proliferation marker Ki-67 is an established prognostic
factor in breast cancer with unfavorable prognostic impact, it
is quite intriguing that the predictive impact in the pre-
operative setting for our study was favorable, i.e., higher
values were associated with a better response. Incidentally,
although Ki-67 was significantly and positively correlated
with tumor grade (R=0.43, p=0.011), this association of
proliferation with therapy response does not appear to be
an artifact of a mutual association with grading, since tumor
grade itself was not significantly associated with response.
The clinical response to pre-operative therapy would be
expected to reflect substantial reductions in the
proliferation of breast cancer cells. Our results for pre-
operative epirubicin and paclitaxel chemotherapy confirm
the generally observed positive association between high cell
proliferation and “chemosensitivity”, particularly the
response to pre-operative chemotherapy (51, 53). Hence,
our results directly support the use of pre-operative
chemotherapy for patients with high levels of Ki-67 and
suggest the possible utility of testing other proliferation
markers such as S-phase fraction and MIB-1 for their
predictive impact in the pre-operative regime, particularly
for epirubicin and paclitaxel chemotherapy.

Different tumor biological processes important for breast
cancer metastasis are known to act on different time scales, as
reflected in time-varying effects of factors such as uPA/PAI-1
(54). Hence, although the evidence at present does not clearly
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distinguish between pre-operative and adjuvant benefit from a
given chemotherapy regimen, a closer look at the time-scales
of different processes might indeed aid in choosing subgroups
of patients for whom pre-operative therapy is preferred or not.
For instance, it has been found (55) that the latency time to
breast cancer after known exposure to ionizing radiation is
inversely related to proliferation. Since some tumors
proliferate quickly but are less dangerous in terms of invasion,
angiogenesis and other metastatic processes, one can imagine
that such tumors might be excellent candidates for pre-
operative therapy, which would slow down the dominant
metastatic process in these tumors (proliferation) and help
confine disease at an early stage.

The evidence from this and other studies thus points
toward a predictive effect of proliferation markers for
favorable response to pre-operative chemotherapy. This
response might be strong enough to provide a long-term
survival advantage to this group of patients compared to those
receiving the same chemotherapy regimen in the adjuvant
setting. A trial of breast cancer patients with positive
proliferation markers (S-phase fraction or Ki-67), randomized
between pre-operative and adjuvant chemotherapy treatment
arms would be helpful. Trials to test the predictive impact of
negative receptors, especially of PgR, on response to pre-
operative chemotherapy as well as on long-term survival
compared to adjuvant chemotherapy would also be useful.
Larger pre-operative chemotherapy trials could allow more
precise multivariate analysis and possibly improved
identification of patient subgroups benefiting from pre-
operative chemotherapy, based on combinations of tumor
biological factors rather than on individual factors.
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