
Die Wertigkeit des Progesteronrezeptors als

prädiktiver Marker einer kompletten pathologischen

Remission nach präoperativer Chemotherapie bei

Patientinnen mit primärem Mammakarzinom

Zusammenfassung. Grundlagen: Der Vorteil einer
präoperativen Chemotherapie bei Patientinnen mit Mam-
makarzinom ist nach Erreichen einer kompletten patholo-
gischen Remission (pCR) am grössten. Das Ziel dieser
Analyse war die Wertigkeit des Progesteronrezeptors als
prädiktiver Marker für das Erreichen einer pCR nach prä-
operativer Chemotherapie bei Patientinnen mit Mamma-
karzinom zu bestimmen.

Methodik: 213 Patientinnen mit primärem Mammakar-
zinom erhielten eine präoperative Chemotherapie. Wir ha-
ben den prädiktiven Wert von Östrogen- (ER) und Proges-
teronrezeptor (PR) im Biopsiematerial auf das Ansprechen
nach präoperativer Chemotherapie untersucht. Der Zu-
sammenhang zwischen Hormonrezeptoren und pCR
wurde mit dem Fisher’s exact und mit dem Chi-quadrat
Test bestimmt.

Ergebnisse: Eine pCR haben 23 Patientinnen erreicht
(10.8 %), sie alle waren PR-negativ. Ein negativer ER und
PR waren signifikant häufig mit einer pCR assoziiert
(p = 0.00028 und p = 0.0003).

Schlussfolgerungen: Unsere Ergebnisse zeigen, dass
ein negativer ER und PR-status wichtige prädiktive Mar-
ker für das Erreichen einer pCR nach präoperativer Che-
motherapie darstellen. Bei PR-positiven Patientinnen mit
Mammakarzinom zeigte sich keine einzige pCR, daher ist
eine präoperative Chemotherapie bei PR-positiven Pati-
entinnen nicht zu empfehlen.

Schlüsselwörter: Mammakarzinom, Nadelbiopsie,
Östrogenrezeptor, Progesteronrezeptor, präoperative
Chemotherapie.

Summary. Background: The benefit of preoperative
chemotherapy on outcome in breast cancer has been
shown to be highest in patients with complete pathologi-
cal response (pCR). The objective of this analysis was to
determine the predictive value of progesterone receptor
status on pCR rate in primary breast cancer patients re-
ceiving preoperative chemotherapy.

Methods: Preoperative chemotherapy was adminis-
tered to 213 patients with primary breast cancer. We as-
sessed the predictive impact of estrogen (ER) and pro-
gesterone receptor (PR) in biopsy tissue on response to
preoperative chemotherapy. The association of steroid re-
ceptor status and pCR was tested by Fisher’s exact and
Chi quadrate test.

Results: pCR was achieved in 23 patients (10.8 %).
All patients experiencing pCR were PR negative (100 %).
ER and PR negativity was significantly associated with
pCR, p = 0.00028 and p = 0.0003, respectively.

Conclusions: We conclude from our results that ER
and PR negativity represent valuable markers predicting
pCR after primary chemotherapy. In PR positive breast
cancer patients no single case of pCR was observed,
therefore we may recommend no preoperative chemo-
therapy in PR positive patients.

Key words: Breast cancer, core needle biopsy, estro-
gen receptor, progesterone receptor, preoperative chemo-
therapy.

Introduction

The administration of chemotherapy prior to surgery,
called primary or neoadjuvant chemotherapy, offers po-
tential advantages to patients with primary breast cancer.
Large clinical trials of neoadjuvant chemotherapy have
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established that pathological complete remission (pCR)
represents an independent predictor of improved disease-
free survival [12]. However, prediction of response to pri-
mary chemotherapy is a matter of continuing debate.

Estrogen (ER) and progesterone receptor (PR) deter-
minations are established procedures in the routine man-
agement of patients with breast cancer, chiefly as predic-
tive factors for response to adjuvant and palliative endo-
crine therapy [2, 6, 13]. In addition, the selection of pre-
operative treatment modalities needs to be directed by
molecular markers like steroid hormone receptor status.
Chang and others [1, 5, 21] have shown that pretreatment
ER and PR significantly predict the response to preoper-
ative administration of tamoxifen.

The selection of preoperative chemotherapy is cur-
rently based on such clinical factors as tumor size more
so than on molecular markers. Preoperative chemother-
apy has shown to increase the percentage of breast con-
servation, but does not positively correlate with overall
survival [12, 24]. In addition to the absence of c-erbB-2,
the lack of ER has recently been demonstrated to signif-
icantly predict subsequent good clinical response. Lack
of ER expression additionally predicted increased risk of
death [5]. Little is known about the role of PR status on
response in patients receiving preoperative chemother-
apy.

The objective of this analysis was to determine the
predictive impact of PR status on response rate, namely
pCR to primary chemotherapy.

Material and methods

We evaluated 213 patients with palpable primary breast

cancer in an attempt to assess the predictive impact of ER and

PR status on pCR to neoadjuvant chemotherapy. Patient char-

acteristics are summarized in table 1. Tumor tissue was ob-

tained pretherapeutically by core needle biopsy (2–5 cores,

mean 3 cores) and ER and PR status was assessed in biopsy

tissue and in the surgically removed specimen subsequent to

chemotherapy (supervised by a single pathologist, M. R.).

Core needle biopsy was performed under local anesthesia us-

ing a 15-gauge needle (ASAP Detachable™ Biopsy System)

on an outpatient basis. Core needle biopsy specimen and sur-

gically removed specimen were both fixed in neutral-buffered

formalin (4.5 %) for 24 hours and embedded in paraffin. Par-

affin-embedded tissue sections of 3 µm thickness were used

for staining.

ER and PR determination were performed in immunohis-

tochemistry as described previously [22]. In brief, those tissue

sections with a cut-off of less than 10 % stained cells and at

least weak intensity of staining were recorded as hormone re-

ceptor-negative, those with more than 10 % stained cells were

considered as receptor-positive and classified as follows:

weakly positive, 10–50 % stained tumor tissue with weak or

moderate intensity; medium positive, 51–80 %, weak or mod-

erate intensity; strongly positive, those with more than 80 %

of moderate or strong intense staining.

All patients required downstaging by preoperative chemo-

therapy to facilitate breast-conserving surgery. We adminis-

tered three different chemotherapeutical schedules preopera-

tively to our patients. Cyclophosphamide, methotrexat and flu-

orouracil (CMF; 600/40/600 mg/m2) was used primarily being

a part of a clinical study, Austrian Breast & Colorectal Can-

cer Study Group (ABCSG) Trial 7 [15]. 62 patients (29.1 %)

received 3 courses of CMF every 4 weeks preoperatively.

Characteristics n = 213 %

Age, years

median 51

range 33–75

premenopausal 84 39.4

postmenopausal 129 60.6

Clinical tumor size

T1 6 2.8

T2 125 58.7

T3 46 21.6

T4 36 16.9

Preoperative therapy

CMF 62 29.1

FEC 68 31.9

Taxane-containing regimen 83 39.0

Response to chemotherapy

pCR 23 10.8

pPR 113 53.0

pNC 73 34.3

pPD 4 1.9

Surgical procedure

breast conservation 144 67.6

mastectomy 69 32.4

Pathological tumor stage

pT0 / DCIS 23 / 10 10.8 / 4.7

pT1 95 44.6

pT2 57 26.8

pT3 20 9.4

pT4 18 8.4

Pathological nodal stage

pN0 94 44.1

pN1 116 54.5

pNx 3 1.4

Histological type

ductal cancer 159 74.6

lobular cancer 29 13.6

others 25 11.8

Grading

G1, G2, Gx 109 51.2

G3 81 38.0

unknown 23 10.8

CMF = cyclophosphamide, methothrexate, fluorouracil, FEC

= fluorouracil, epirubicin, cyclophosphamide

Table 1. Patients’ characteristics
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Since 1996, when increasing evidence was presented that

anthracycline-containing chemotherapeutic regimen showed

higher response rates, this kind of chemotherapy has mainly

been employed. An anthracycline-containing regimen (fluor-

ouracil, epirubicin and cyclophosphamide, FEC;

600/60/600 mg/m2) was subsequently introduced for preoper-

ative treatment. Nearly one third of all patients (67 patients,

31.5 %) received 3 to 6 cycles of FEC every three weeks prior

to surgery.

Several patients (84 patients, 39.4 %) received the com-

bination of anthracycline and taxotere. We administered epi-

rubicin 75 mg/m2 and docetaxel 75 mg/m2 (ED) intravenously

(i.v.) every three weeks, supported by G-CSF (day 3 to 10). In

9 patients, preoperative chemotherapy with ED was followed

by second-line therapy either with CMF or FEC due to mini-

mal response to ED. One to six cycles (mean 4) of ED were

administered preoperatively until best possible response was

achieved.

Response to chemotherapy was assessed according to the

International Union Against Cancer (UICC) guidelines [14].

Complete pathological response (pCR) was defined as com-

plete disappearance of invasive tumor cells, irrespective of

possibly residual, yet exclusively intraductal component. Re-

duction of tumor size of at least 50 % was defined as partial

remission, reduction of tumor size of less than 50 % was con-

sidered as stable disease, any increase in tumor size in the

course of preoperative therapy was determined as progressive

disease.

Breast-conserving surgery was performed in 144 patients

(67.6 %) receiving preoperative cytotoxic treatment. All

women treated with breast conserving surgery received post-

operative irradiation. In patients undergoing modified radical

mastectomy, postoperative radiotherapy was left to the discre-

tion of the responsible physician based on consultation with-

in the interdisciplinary team.

Statistical analysis: The association between ER and PR

and response rate was calculated by Fisher’s exact test and Chi

quadrate test (χ2).

Results

The overall response rate was 63.4 %, 23 patients
(10.8 %) responded excellently and achieved pCR with
no residual invasive cancer in the surgical specimen.
Among 23 patients having pCR, in 5 patients the resid-
ual tumor tissue did show ductal in-situ cancer. Tumor
shrinkage of more than 50 % was achieved in 113 pa-
tients (53 %). The primary tumor size was reduced by
preoperative treatment less than 50 % in 73 patients
(34.3 %).Only 4 patients (1.9 %) did not respond to pre-
operative chemotherapy and developed progressive dis-
ease.

Comparisons of response outcomes among groups
with different steroid receptor status tested by Fisher’s
exact test yielded significantly better response in ER and
PR negative patients. Details are given in table 2. In those
patients achieving pCR, the primary tumor tissue was al-
ways PR negative prior to chemotherapy. In 20 patients
out of 23, the primary tumor tissue was ER negative, in
the remaining 3 patients responding excellently to preop-
erative chemotherapy ER was weak positive (2 patients)
and medium positive (1 patient).

The association of PR status and response tested with
χ2 test confirmed a significant likelihood of PR negative

patients to respond excellently and achieved pCR after
primary chemotherapy (p = 0.0015). Out of 153 patients
with PR negative breast cancer, 23 (15 %) achieved pCR,
whereas out of 60 patients with PR positive breast can-
cer, no single patient (0 %) responded excellently (no
pCR) to preoperative chemotherapy. The sensitivity of
PR status to predict pCR in patients with PR negative tu-
mor assessed in core needle biopsy specimen was 100 %
(95 % CI: 87.8–100 %). Whereas the sensitivity of PR
positive patients to predict any response other than pCR
was again 100 % (95 % CI: 95.1–100 %).

The association of ER status and response tested by

χ
2 test did show similar results. In ER negative patients

the likelihood of achieving pCR after preoperative

43

pCR,

n = 23

incomplete response,

n = 190

No. % No. % p

ER negative 20 18.1 90 81.9 0.0002

ER positive 3 2.9 100 97.1

PR negative 23 15.0 130 85.0 0.0003

PR positive 0 0 60 100

Table 2. ER and PR status in patients receiving preoperative

chemotherapy. Comparison between pCR and incomplete

response ( = partial remission, stable and progressive disease),

tested by Fisher’s exact test
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Fig. 1. Association of PR status and response (1 = 100 %)

Fig. 2. Association of ER status and response (1 = 100 %)
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chemotherapy was significantly better (p = 0.0003).
Among 110 patients with ER negative breast cancer, 20
patients (18.2 %) experienced pCR, whereas among 103
patients with ER positive breast cancer only 3 patients
(2.9 %) achieved pCR. The sensitivity of ER status to
predict pCR in patients with ER negative tumor assessed
in core needle biopsy specimen was 87 % (95 % CI:
66.4–97.2 %). Whereas the sensitivity of ER positive pa-
tients to predict any response other than pCR was 97.1 %
(95 % CI: 91.7–99.4 %).

We investigated the association between other bio-
logical markers and response to preoperative chemother-
apy. No significant correlation between pCR and
HER2/neu, p53, Mib or grading was found.

Discussion

The aim of this study was to provide a better insight
into the relation between steroid receptor status and re-
sponse to preoperative chemotherapy. 

Our results indicate a significant association of ER,
PR and response to preoperative treatment. Steroid hor-
mone receptors have proven to be the most important pre-
dictive markers for selection of systemic treatment, in
particular of postoperative endocrine treatment [10, 16].
However, the predictive role of steroid receptor status for
response to chemotherapy is still an open question. Our
data indicate that steroid receptor status is a marker of
chemo sensitivity in breast cancer. Apparently, PR nega-
tive breast carcinomas are more sensitive to primary
chemotherapy. These results are in line with reports by
others [17, 19], showing the prediction of response to
chemotherapy by ER negativity. However, we could dem-
onstrate the even more important impact of PR status.

We could clearly show that PR positive patients are
never complete responders after neoadjuvant chemother-
apy. One of the most important benefits of preoperative
chemotherapy is not so much the early identification of
patients who will have an excellent response to chemo-
therapy but rather the identification of patients who will
have only a minimal response. These patients must be im-
mediately identified to spare them additional ineffective
and toxic treatment. In this regard, it is of particular in-
terest that PR positive patients never achieved pCR.

There are very few reports that have addressed clin-
icopathologic factors associated with the complete histo-
logic resolution of invasive tumor in the breast [7, 8, 11,
17]. More than twenty years ago, Lippman et al. [18] re-
ported on the relationship between ER and response to
chemotherapy in metastatic breast cancer patients. Lipp-
man et al found statistically increased objective response
rates to cytotoxic therapy in patients with low or absent
ER values, compared with highly ER positive patients. In
the neoadjuvant setting, higher response rates in ER neg-
ative patients were reported more recently [4, 20]. In the
adjuvant setting, noticeable is the latest overview of ran-
domized trials of polychemotherapy for breast cancer in
which the proportional reduction in recurrence was found
to be significantly greater for women of all ages with ER
negative tumors, compared with women with ER positive
tumors [9]. Our results are consistent with data derived
in the last 25 years in the metastatic, neoadjuvant and in

the adjuvant setting. However, our results point out the
significant importance of PR status with respect to cyto-
toxic treatment in the preoperative management of breast
cancer patients. PR status might provide additional infor-
mation to predict more accurately which patients will re-
spond to preoperative treatment, possibly because the
presence of PR should serve as an indicator of a func-
tionally intact estrogen response pathway. The predictive
value of PR status in the adjuvant setting of endocrine
treatment has been shown recently [3].

Until now, the only demonstrated benefit from pre-
operative chemotherapy is the improvement in surgical
breast conservation [24], whereas no definite advantage
concerning survival has yet been shown [12]. However,
those patients achieving pCR after primary chemotherapy
have been shown to benefit regarding overall survival
and disease-free survival as well [24]. Our data indicate
a pCR rate of 10.8 % with different cytotoxic regimens.
The patient groups were well-balanced. No statistically
significant difference in response rates was found be-
tween the different chemotherapy schedules. Taking these
aspects into consideration, we could demonstrate that the
association between steroid receptor status and response
was independent of the cytotoxic regimen that had been
used.

The assessment of steroid receptor status in core nee-
dle biopsy has been proven to be a valid tool [23]. Up-
coming therapeutical options including preoperative hor-
monal treatment can be based on the results of ER and
PR evaluation in core needle biopsy. However, preoper-
ative therapy may modulate the ER and PR content of the
tumor. In our study, paying attention to the biological
characteristics of patients achieving pCR, the question of
steroid receptor modulation by preoperative therapy
could not be answered, because no vital tumor tissue was
available after therapy.

In conclusion, the results of this study suggest that
steroid receptor status should be considered as a predic-
tive marker of pCR after preoperative chemotherapy. In
PR positive patients, no single case of pCR was observed,
and therefore we can recommend the avoidance preoper-
ative chemotherapy in patients with positive PR status in
order to spare them unnecessary side effects. However,
further trials are to be designed to clarify the obviously
important interaction between receptor biology and cyto-
toxic chemotherapy.
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