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The efficacy of breast cancer treatment is limited by the
development of resistance to various chemotherapeutic
agents. We conducted a retrospective study of the expres-
sion of 2 drug resistance efflux pumps, MRP-1 and MDR-1
Pgp, in 177 invasive breast carcinomas. Immunohistochemi-
cal expression of these proteins was correlated with clinico-
pathologic characteristics as well as relapse-free survival
(RFS) and overall survival (OS) times. MDR-1 Pgp was asso-
ciated strongly with higher histologic grade (grade III). A
highly significant association was shown between MDR-1 Pgp
and MRP-1 expression (p < 0.01), 47.4% of patients express-
ing both proteins; MRP-1 was expressed in approximately
61% of patients and MDR-1, in approximately 66% of patients.
No association was shown in the overall group between ei-
ther MDR-1 Pgp or MRP-1 and any of the other clinicopath-
ologic features. Kaplan-Meier analysis revealed that in a sub-
set of patients with either high-grade (grade III) stage 1
(node-negative) or stage 2 (node-positive) tumours who
were treated with surgery followed by adjuvant chemother-
apy, MRP-1 expression in <25% of tumour cells at diagnosis
was significantly associated with improved RFS (p < 0.02)
and OS (p < 0.02). Using multivariate analysis, MRP-1 ex-
pression in <25% of tumour cells at diagnosis was identified
as an independent, significant prognostic factor for RFS (p <
0.01) and OS (p < 0.01) in this patient group but not in other
groups. In this subgroup, no significant correlation was ob-
served between expression of MDR-1 Pgp and MRP-1. While
the number of patients with high-grade tumours treated with
adjuvant chemotherapy was small and further confirmatory
research is warranted, it appears that assessment of MRP-1
expression at diagnosis may offer useful prognostic informa-
tion in subgroups of patients with stage 1 or stage 2 high-
grade tumours who receive CMF-based adjuvant chemother-
apy. Given the known substrate specificities of MRP-1, any
mechanistic relationship between MRP-1 expression and
CMF resistance remains unclear. No association was shown
between MDR-1 Pgp expression and either RFS or OS time in
any subgroup of patients.
© 2004 Wiley-Liss, Inc.
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Breast cancer is the most common cause of cancer death in the
female population in the Western world.1 Management of breast
carcinoma has changed considerably over the past 20 years. The
number of available therapeutic options has widened considerably,
and there is an increasing range of hormonal, cytotoxic and more
recently MAb-targeted drug regimes available for both the adju-
vant and neoadjuvant settings.2 However, despite the advances in
both detection and treatment, 40–50% of patients diagnosed will
eventually die of the disease.3 It is thus vital to determine the
optimal treatment modality for each individual patient and to
identify subgroups of patients who might benefit from individual-
ised treatment strategies. Identification of biologic markers which
might predict clinical outcome (prognostic markers) and the like-
lihood of a response to a particular type of adjuvant therapy
(predictive markers) will facilitate this.

Treatment of breast cancer patients with operable disease is
stage-dependent. Stage 2 patients (those with involvement of ax-
illary nodes) have a 10-year average survival of �50% and will
receive adjuvant chemotherapy following surgery.4 Stage 1 pa-
tients (node-negative) are cured by surgery in 70% of cases.
Because of the 30% risk of relapse, many of these patients will also
be treated with chemotherapy or hormonal therapy.

The emergence of drug resistance is one of the main obstacles to
successful chemotherapy in this disease. MDR is a phenomenon
whereby tumour cells acquire resistance to a broad range of
structurally and functionally diverse chemotherapeutic drugs, in-
cluding anthracyclines, vinca alkaloids, epipophyllotoxins and
paclitaxel (Taxol), following exposure to a single agent.5

Most attention has been directed to the role played by membrane
transporter proteins belonging to the ATP binding cassette super-
family in MDR observed in breast cancer, particularly by the
MDR-1 Pgp drug transporter6 and another efflux pump, MRP-1,
which encodes a 190 kDa membrane-bound glycoprotein.7 Since
the initial discovery of MRP-1, additional members of this family
have been described (MRPs 2–8).8–11 The specific role of these
proteins in clinical drug resistance has not been fully elucidated.

Studies have reported conflicting results with regard to the
prognostic and/or predictive role of MDR-1 Pgp in breast cancer.
MDR-1 Pgp is expressed in approximately 41% of untreated breast
cancers, and prior exposure to chemotherapy increases this expres-
sion.12 There is some evidence supporting a correlation between
MDR-1 Pgp expression at diagnosis and long-term outcome in
both the adjuvant and neoadjuvant settings.13 Some studies have
suggested that evaluation of MDR-1 Pgp expression following
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chemotherapy may offer more prognostic value than its expression
prior to treatment.14

MRP-1 is expressed by a considerable number of untreated
breast tumours (on average 49%).12,13 In primary breast cancers,
MRP-1 expression is inversely correlated with both RFS and
OS.15,16 MRP-1 expression at diagnosis is predictive of OS in
patients who received adjuvant systemic chemotherapy with CMF,
in patients with small tumours (T1) and in node-negative pa-
tients.16 It is also an important predictor of poor prognosis in
patients with recurrent breast cancer.17 Therefore, MRP-1 expres-
sion at diagnosis may be associated with a worse prognosis in
breast cancer. As in the case of MDR-1 Pgp, it is more difficult to
define the exact role of MRP-1 in the clinical drug resistance
observed in this disease.

To address the prognostic or possible predictive role of MRP-1
and/or MDR-1 Pgp expression in invasive breast cancer, we de-
termined the frequency of the expression of these 2 proteins in
stage 1 and stage 2 invasive breast cancers, treated by surgery with
or without adjuvant chemotherapy and/or hormonal therapy, with
a minimum 6 years of follow-up. Expression of these proteins was
correlated with known clinicopathologic features and with RFS
and OS.

MATERIAL AND METHODS

Patients
The patient group comprised women diagnosed with primary

tumours of the breast: 177 were analysed for MDR-1 Pgp expres-
sion and 174 of these, for MRP-1 expression. All patients were
treated with surgery including axillary node dissection at St. Vin-
cent’s University Hospital in 1993–1994. Pathologic material was
examined for each case (S.K.). Tumours were typed as described
by Page and Anderson18 and graded as described by Elston and
Ellis.19 Formalin-fixed, paraffin-embedded material was available
for all patients. Representative 5 �m sections of tissue blocks were
cut using a microtome, mounted onto poly-l-lysine-coated slides
and dried overnight at 37°C. Slides were stored at room temper-

ature until required. Relevant clinicopathologic features, treatment
and follow-up were compiled for all 177 patients.

Immunohistochemistry
All immunohistochemical studies were performed according to

the method of Hsu et al.,20 using an ABC HRP-conjugated kit plus
an appropriate secondary antibody. Tissue sections were dewaxed
in xylene (2 � 5 min), rehydrated in graded alcohols and placed in
TBS/0.05% (v/v) Tween-20. Endogenous peroxidase activity was
quenched by placing tissue sections in 3% (v/v) H2O2/distilled
H2O for 5 min. All slides were blocked for nonspecific staining
with 20% (v/v) normal rabbit serum for 20 min. Primary antibodies
were applied to each sample optimally diluted in TBS/0.1% (v/v)
Tween-20 [anti-MDR-1, clone 6/1C (National Institute for Cellular
Biotechnology),21 ascites diluted 1/30 to 1/50; anti-MRP-1 MAb,
MRP-R1 (Alexis, Nottingham, UK),22 diluted 1/25]. Primary an-
tibodies were incubated overnight at 4°C or for 2 hr at room
temperature, followed by 30 min incubation with biotinylated
rabbit antimouse IgG [1/300 dilution in TBS/0.1% (v/v) Tween-
20; E0354 from Dako, High Wycombe, UK] for detection of
MDR-1 or biotinylated rabbit antirat 1gG [1/500 dilution in TBS/
0.1% (v/v) Tween-20; E0468 from Dako] for detection of MRP-1.
Finally, Vectastain Elite ABC reagent (HRP-conjugated; PK-7100
from Vector, Peterborough, UK) was applied using the peroxidase
substrate DAB as a chromogen. All tissue sections were lightly
stained with Crazzi’s haematoxylin. Following dehydration in
graded alcohols, slides were cleared in xylene and mounted in
DPX (BDH, Poole, UK). Normal bronchial and placental tissues
were used as positive controls for MRP-1, and normal kidney was
used as a positive control for MDR-1 Pgp. Negative control slides,
in which sections were immunostained as outlined but primary
antibody was omitted, were included in all experiments.

Immunohistochemical scoring
MRP-1 and MDR-1 Pgp immunohistochemical staining was

evaluated semiquantitatively (by S.K. and R.P.), according to the
percentage of cells showing specific immunoreactivity and the

TABLE I – CLINICOPATHOLOGIC FEATURES OF PATIENTS STUDIED FOR MDR-1 Pgp AND MRP-1 EXPRESSION

MDR-1 Pgp MRP-1

Age range (years) 31–90 31–90
�50 53 (30%) 52 (30%)
�50 124 (70%) 122 (77%)

Metastases to axillary lymph nodes
(stage 2)

95 (53.6%) 93 (53.4%)

Negative nodal status (stage 1) 82 (46.3%) 81 (46.6%)
ER-negative 56 (31.6%) 55 (31.6%)
ER-positive 113 (63.8%) 111 (63%)
ER status unknown 8 (4.6%) 8 (5.4%)
Tumour size range 0.6–9.0 cm (mean 2.88 cm) 0.6–8.0 cm (mean 2.83cm)

�2 cm (T1) 33 (18.6%) 33 (19%)
2–5 cm (T2) 135 (76.3%) 133 (76.5%)
�5 cm (T3) 9 (5%) 8 (4.6%)

Histologic grade
I 20 (11.3%) 19 (10.9%)
II 75 (42.2%) 73 (42%)
III 82 (46.3%) 82 (47.1%)

Histologic subtype
Infiltrating ductal 143 (81%) 141 (81%)
Infiltrating lobular 26 (15%) 26 (14.9%)
Infiltrating mucinous/tubular 8 (4%) 7 (4%)

Adjuvant chemotherapy 90 (50.8%) 86 (49.9%)
Node-positive patients 61 (64.2%) 60 (64.5%)
Node-negative patients 28 (34.1%) 26 (32%)
None 73 (41.2%) 73 (42%)
Chemotherapy details unknown 15 (8%; 9 node-negative, 6 node-positive) 9 (9%; 4 node-negative, 5 node-positive)

Postoperative tamoxifen treatment 108 (61%) 106 (61%)
Node-positive patients 58 (61%) 58 (62.3%)
Node-negative patients 62 (76%) 48 (59.3)
None 4 (30.5%) 53 (30.5%)

Tamoxifen details unknown 16 (8.5%; 6 node-negative, 10 node-positive) 15 (8.5%; 6 node-negative, 9 node-positive)
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intensity of this immunoreactivity. In the case of MRP-1 and
MDR-1 Pgp, membrane and cytoplasmic staining was scored as
positive or negative. Semiquantitative scores were as follows:
Assessment of overall positivity: 0, no tumour cells showing
positive MRP-1/MDR-1 Pgp positive staining; 1�, 1–24% of
tumour cells showing positive MRP-1/MDR-1 Pgp positive stain-
ing; 2�, 25–50% of tumour cells showing positive MRP-1/MDR-1
Pgp positive staining; 3� �50, �50% of tumour cells showing
positive MRP-1/MDR-1 Pgp positive staining. Intensity of MRP-
1/MDR-1 Pgp staining; 1 � weak; 2 � moderate; 3 � strong.

Statistical analysis
Statistical analyses were performed using the SPSS (Chicago,

IL) 10.1 software package. Descriptive statistics were used to
summarise patient characteristics. The association of MRP-1 and
MDR-1 Pgp with various clinicopathologic features was evaluated
using the �2 test. Survival analyses (RFS and OS) were performed
using the Kaplan-Meier method; differences between survival
curves were analysed using the log rank test. Multivariate survival
analyses were performed using Cox’s proportional hazards model

(backward stepwise, likelihood ratio). For all tests, p � 0.05 was
considered statistically significant.

RESULTS

Patient characteristics are described in Table I.

Immunohistochemical analysis
MRP-1 expression. MRP-1-specific staining (cytoplasmic and

membranous positivity, which was granular in nature in some
cases) was observed in 61.5% (107) of tumours analysed overall.
Representative MRP-1-positive tumours can be observed in Figure
1c (score of 1�2), 1d (score of 3�3) and 1e (score of 3�2), where
MRP-1-positive staining can be seen in both infiltrating cells and
DCIS. Patchy, variable MRP-1 expression was observed in some
DCIS cases. MRP-1 protein expression was not observed in 38.5%
(67) of tumours. No MRP-1 positivity was found in benign lob-
ules, and focal expression was seen in the majority of large ducts
and lactiferous sinuses.

MDR-1 Pgp expression. MDR-1 Pgp-specific staining was ob-
served in 66.1% (117) of tumours analysed overall. Representative

FIGURE 1 – Immunohistochemi-
cal analysis of MRP-1 protein and
Pgp in invasive breast carcinomas.
(a,b) Pretreatment tumours from
invasive carcinoma patients stained
with anti-MDR-1 clone 6/1C.
Strong MDR-1 Pgp positivity can
be observed in infiltrating ductal
carcinomas in both tumour sam-
ples. (a) Scale bar � 50 �m, orig-
inal magnification �40; (b) scale
bar � 10 �m, original magnifica-
tion �60. (c–e) Pretreatment inva-
sive carcinomas stained with
MRP-R1 MAb; intense MRP-1-
positive staining can be observed
in infiltrating tumour cells (c,d)
and in both DCIS component and
infiltrating tumour cells (e). (c)
Scale bar � 50 �m, original mag-
nification �40; (d) scale bar � 10
�m, original magnification �40;
(e) scale bar � 100 �m, original
magnification �20. (f) Negative
control tissue pretreatment inva-
sive carcinoma, where no staining
is observed in tumour cells. Scale
bar � 50 �m, original magnifica-
tion �40. All sections were coun-
terstained with haematoxylin.
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MDR-1-positive tumours can be observed in Figure 1a,b (scores of
2�3 and 3�3, respectively), where MDR-1 Pgp-positive staining
can be seen in infiltrating tumour cells. Specific staining was
localised to the inner plasma membrane/cytoplasm. Staining of
DCIS was also observed in some cases. MDR-1 Pgp expression
was not observed in 33.9% (60) of tumours.

Correlation between MRP-1 and MDR-1 Pgp expression. Using
�2 analysis, a highly significant correlation (p � 0.0001) was
shown between the expression of these 2 proteins: 82 (47.4%)
patients showed coexpression of the 2 proteins, while 35 (20.2%)
patients did not express either protein. When patients were strati-
fied into further subgroups, a highly significant correlation was
also observed between MRP-1 and MDR-1 Pgp in patients who
received chemotherapy (p � 0.001); 44/87 (50.6%) of these pa-
tients expressed both proteins, while 18/87 (20.7%) were negative

for both MDR-1 Pgp and MRP-1 expression. No correlation was
shown between these 2 proteins in patients with grade III tumours
that were treated with chemotherapy (p � 0.815).

MRP-1 expression and relation to clinicopathologic features.
Using �2 analysis, MRP-1 expression at diagnosis was signifi-
cantly associated with subsequent tamoxifen treatment (p �
0.033). Expression of this protein was not significantly associated
with other clinicopathologic features, i.e., histologic grade (p �
0.378), subtype (p � 0.652), tumour size (p � 0.957), LN status
(p � 0.151), ER status (p � 0.630) or adjuvant chemotherapy (p �
0.679).

MRP-1 expression in relation to RFS and OS. MRP-1 expres-
sion at diagnosis was analysed in relation to RFS and OS by
Kaplan-Meier survival analysis, to establish any prognostic role

FIGURE 2 – Kaplan-Meier survival analysis for presence/absence of MRP-1 protein in all patients who received chemotherapy (a,b) and in
chemotherapy-treated patients with grade III tumours (c,d) for RFS and OS, respectively. No association can be shown between presence/absence
of MRP-1 expression at diagnosis and either RFS or OS in either group (p � log rank value).
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for expression of this protein. When Kaplan-Meier analysis was
performed on all patients, no association was shown between
expression of MRP-1 at diagnosis (presence/absence, Fig. 2a,b) or
�25% vs. �25% expression (Fig. 3a,b) and either RFS or OS.
Multivariate analysis of all patients revealed the most significant
prognostic parameters for RFS to be negative LN status (p �
0.001), positive ER status (p � 0.031) and low histologic grade
(p � 0.018). The most significant prognostic factors for OS were
negative LN status (p � 0.0001), positive ER status (p � 0.002)
and low histologic grade (p � 0.006) (Table II).

Patients were stratified into various subgroups for more detailed
analyses (patients who subsequently received chemotherapy, pa-
tients who did not receive chemotherapy, node-positive patients,
node-negative patients, patients with grade I–III tumours). Kaplan-
Meier survival analysis revealed a significant association between
�25% of tumour cells expressing MRP-1 at diagnosis and worse
RFS (p � 0.0181) and OS (p � 0.0171) in patients with grade III
tumours treated with adjuvant chemotherapy (Fig. 3c,d). Multivar-

iate Cox regression analysis revealed the most significant prog-
nostic factors for RFS in patients with grade III tumours treated
with chemotherapy (44 patients) to be negative LN status (p �
0.0001), positive ER status (p � 0.007) and MRP-1 expression in

TABLE II – MULTIVARIATE COX REGRESSION ANALYSIS (BACKWARD
STEPWISE, LIKELIHOOD RATIO) IN ALL INVASIVE CARCINOMA

PATIENTS, SHOWING SIGNIFICANT PARAMETERS1

Characteristic RFS OS

Histologic grade (I, II vs. III) 0.018 0.006
ER status (negative vs. positive) 0.031 0.002
Lymph node status (negative vs. positive) 0.001 �0.0001
1Other parameters included histologic tumour type, age, chemother-

apy, tamoxifen treatment, tumour size, MDR-1 Pgp expression (pres-
ence/absence and �25% vs. �25% of tumour cells showing positivity)
and MRP-1 protein expression (presence/absence and �25% vs.
�25% cells showing positivity).

FIGURE 3 – Kaplan-Meier survival analysis for MRP-1 protein expression (�25% vs. �25% tumour cells staining positive) in all patients who
received chemotherapy (a,b) and patients with grade III tumours treated with chemotherapy (c,d). A significant association can be seen between
MRP-1 expression in �25% tumour cells and improved RFS and OS in patients with grade III tumours (c,d) (p � log rank value).
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�25% of tumour cells at diagnosis (p � 0.008). The most signif-
icant prognostic factors for OS in this patient group were negative
LN status (p �� 0.0001), positive ER status (p � 0.001) and
MRP-1 expression in �25% of tumour cells at diagnosis (p �
.008) (Table III).

MDR-1 Pgp expression and relation to clinicopathologic fea-
tures. Using �2 analysis, MDR-1 Pgp expression at diagnosis was
not significantly associated with tumour size (p � 0.191), histo-
logic subtype (p � 0.711), LN status (p � 0.706), ER status (p �
0.787), tamoxifen treatment (p � 0.526) or adjuvant chemotherapy
treatment (p � 0.556). MDR-1 Pgp expression was strongly asso-
ciated with higher-grade (grade III) tumours; this observation,
however, was not statistically significant (p � 0.085).

MDR-1 Pgp expression in relation to RFS and OS. Kaplan-
Meier analysis of all patients did not reveal any association be-
tween MDR-1 Pgp expression at diagnosis (presence/absence and
�25% vs. �25% expression) and either RFS or OS. As in the case
of MRP-1 expression, patients were further stratified into various
subgroups for analysis (patients who subsequently received che-
motherapy, patients who did not receive chemotherapy, node-
positive patients, node-negative patients, patients with grade I–III
tumours). Representative Kaplan-Meier survival curves can be
seen in Figures 4 and 5. No significant associations were shown in
any of the subgroups subjected to Kaplan-Meier survival analysis.
Survival curves for patients with grade III tumours who received
chemotherapy are presented in Figures 4 and 5, where no statisti-
cally significant associations are shown between MDR-1 Pgp
expression (presence/absence and �25% vs. �25% expression)
and either RFS or OS.

DISCUSSION

In breast cancer, the most frequently used prognostic factors
remain those determined by clinical or standard pathologic ap-
proaches, namely, LN status, tumour size, histologic grade, nuclear
grade and tumour histology. To date, the only valuable predictive
factors in this disease are ER and PR status, which can predict
response to hormonal treatments. Despite all of the studies directed
at identifying new molecular markers of both prognosis and che-
mosensitivity, only HER-2 appears to hold any promise as a
prognostic and possible predictive marker in patients treated with
the anti-HER-2 MAb herceptin.23 Treatment of this malignancy by
adjuvant chemotherapy following surgery has increased survival.
Treatment regimes include CMF and doxorubicin (Adriamycin),
docetaxel (Taxotere), paclitaxel, platinum and more recently her-
ceptin. The effectiveness of chemotherapy is limited by develop-
ment of MDR. To further define the role of MDR-associated
proteins in this disease, expression of the drug transporter proteins
MRP-1 and MDR-1 Pgp were investigated in a large series of
invasive breast carcinomas.

In our study, MRP-1 protein was expressed in 66.1% of tumours
analysed. This observation is in general agreement with reports

that MRP-1 is expressed by a considerable number of untreated
breast cancers (on average 49.3%).13 Reported expression patterns
have ranged from 20–40%16,17,24 to 80–100%24–26 MRP-1 posi-
tivity. Conflicting results from several studies regarding the sig-
nificance of MRP-1 (as well as MDR-1 Pgp) expression are
probably explained by a lack of standardisation of the methodol-
ogy employed.12,13 Membranous and granular MRP-1 positivity
was observed in the majority of tumours studied here, in agreement
with previous reports (Fig. 1c–e).26 MRP-1 expression at diagno-
sis did not correlate with established clinical or pathologic char-
acteristics, namely, ER status, LN status, histologic subtype, his-
tologic grade, tumour size or subsequent treatment with adjuvant
chemotherapy. Previous studies also reported that expression of
this protein at diagnosis is independent of nodal status, menopausal
status, histologic subtype and age.15,17 Some reports have associ-
ated MRP-1 expression with intermediate histologic tumour grade
and large tumour size,15,28 while others have suggested that
MRP-1 expression is independent of these parameters.16 No such
correlation was observed in our analysis. We conclude that MRP-1
expression at diagnosis is not necessarily associated with a more
aggressive phenotype (and related poorer outcome) in these pa-
tients. However, we did observe a significant association between
MRP-1 expression at diagnosis and subsequent tamoxifen treat-
ment (p � 0.033). ER-negative and PR-negative tumours had less
frequent MRP-1 expression in one study;26 however, we observed
no association between MRP-1 expression and ER status.

Studies to date suggest that MRP-1 expression is probably associ-
ated with worse prognosis/outcome (reviewed by Leonessa and
Clarke13). An inverse correlation has been shown between RFS/OS
and MRP-1 protein expression in 2 previous studies.16,26 Using
Kaplan-Meier survival analysis, we observed no association between
MRP-1 expression at diagnosis (presence/absence and �25% vs.
�25% expression) and either RFS or OS in all of the patients studied.
Patients were then stratified into various subgroups for more detailed
analyses [patients who subsequently received chemotherapy, patients
who did not receive chemotherapy, patients with grade I vs. II vs. III
tumours, LN-positive patients (stage 2) vs. LN-negative patients
(stage 1), patients with tumours �2 cm vs. �2 cm]. No significant
correlation between MRP-1 expression and either RFS or OS was
found in any of these subgroups with the exception of patients who
would be considered to have a less favourable outcome, i.e., stage 1
or stage 2 patients with high-grade tumours (grade III) who were
treated with chemotherapy (10 stage 1 patients and 34 stage 2 pa-
tients) (Fig. 3). In these patients, a significant association was shown
between �25% of tumour cells expressing MRP-1 at diagnosis and
increased RFS (p � 0.0181) and OS (p � 0.0171). When this
subgroup was subjected to multivariate analysis, MRP-1 expression in
�25% of tumour cells at diagnosis was identified as an independent
prognostic factor for both RFS (p � 0.008) and OS (p � 0.008)
(Table III). Nooter et al.16 showed that MRP-1 expression was asso-
ciated with increased risk of relapse in subgroups of patients (those
with small tumours, node-negative patients and node-positive patients
treated with CMF). Our results indicate that evaluation of MRP-1
status at diagnosis may provide important prognostic information in
subsets of patients considered to have a poor outcome (those with
either stage 1 or stage 2 tumours which are high grade and are treated
with adjuvant CMF following surgery). Low-level MRP-1 expression
may identify patients who will have improved RFS and OS and who
should receive perhaps less aggressive chemotherapy. As the number
of patients studied here was relatively small, further studies should be
carried out on larger numbers of patients with grade III tumours
treated with CMF-based chemotherapy following surgery. The rele-
vance of MRP-1 expression in patients treated with other adjuvant
therapies that are now being used to treat breast cancer (anthracy-
clines, taxoids, aromatase inhibitors, Herceptin; reviewed by Kelleher
and Miles29) should also be investigated.

Patients with grade III tumours treated with adjuvant chemo-
therapy received either CMF alone or CMF with doxorubicin or
paclitaxel. The substrate specificities of MRP-1 suggest a contri-
bution to doxorubicin sensitivity but no effect on CMF (except

TABLE III – MULTIVARIATE COX REGRESSION ANALYSIS (BACKWARD
STEPWISE, LIKELIHOOD RATIO) IN CHEMOTHERAPY-TREATED PATIENTS

WITH GRADE III TUMOURS, SHOWING SIGNIFICANT PARAMETERS1

Characteristic RFS OS

MRP-1 expression
(�25% vs. �25%
positivity)

0.008 0.008

ER status (negative
vs. positive)

0.007 0.001

LN status (negative
vs. positive)

�0.0001 �0.0001

1Other parameters included histologic tumour type, age (�50 vs.
�50 years at diagnosis), chemotherapy, tamoxifen treatment, tumour
size, MDR-1 Pgp expression (presence/absence and �25% vs. �25%
of tumour cells showing positivity) and presence/absence of MRP-1
expression.
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possibly on methotrexate).29 MRP-1 may act as a surrogate marker
for other resistance-related proteins; or in association with other
molecules in vivo, its substrate specificity may be altered. Further
studies thus should also investigate the contribution to clinical
resistance in breast cancer of some of the newly described mem-
bers of the MRP family and the ABC half-transporter resistance
protein (BCRP).8–11,31

We observed a highly significant association between MDR-1
Pgp expression and MRP-1 expression at diagnosis in all patients
(p � 0.0001) and in those subsequently treated with adjuvant
chemotherapy (p � 0.001). In patients with grade III tumours
treated with adjuvant chemotherapy, no correlation was shown
between expression of these 2 proteins (p � 0.815). Previous
studies failed to find a correlation between these 2 proteins,15

although prechemotherapy MDR-1 Pgp and pre- and postchemo-

therapy MRP-1 expression predicted tumour recurrence and death
in one study.32 As discussed, MDR-1 Pgp expression in breast
cancer has been extensively investigated. Pgp has been associated
with poor outcome in both primary and advanced breast cancers.12

MDR-1 Pgp was expressed at diagnosis in 66% of invasive breast
cancers studied here (Fig. 1a,b). Several studies have reported
expression levels of MDR-1 Pgp varying 0–100% in untreated
breast cancers. When data from all studies involving more than 20
patients are pooled, the average rate of MDR-1 Pgp detection is
45.6%.13 Our results indicate a trend towards MDR-1 Pgp expres-
sion being associated with higher-grade tumours (grade III, p �
0.085) compared to grade I/II tumours. Previous results regarding
such an association have not proved consistent; 2 immunohisto-
chemical studies did not find an association.14,33 There was no
correlation, however, with any of the other clinicopathologic fea-

FIGURE 4 – Kaplan-Meier survival analysis for presence/ absence of MDR-1 Pgp in all patients who received chemotherapy (a,b) and in
patients with grade III tumours treated with chemotherapy (c,d) for RFS and OS, respectively. No association can be seen between
presence/absence of MDR-1 Pgp at diagnosis and either RFS or OS in either group (p � log rank value).
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tures studied. Again, most previous studies, in agreement with our
findings, have indicated that none of the known clinicopathologic
features is significantly associated with expression of MDR-1 Pgp
(reviewed by Leonessa and Clarke13).

Kaplan-Meier survival analysis of all patients failed to show any
significant association between MDR-1 Pgp expression at diagno-
sis (presence/absence and �25% vs. �25% expression) and either
RFS or OS (Figs. 4, 5). When patients, as in the case of MRP-1
analysis, were stratified according to chemotherapy status, LN
status, histologic grade and tumour size, there were no significant
associations between MDR-1 Pgp expression and either RFS or
OS. Previous results regarding expression of this protein and
possible association with RFS or OS have proved conflicting.13

Our results indicate that MDR-1 Pgp expression at diagnosis does
not provide prognostic information in patients with invasive breast

carcinoma. Although expression of MRP-1 and MDR-1 Pgp was
significantly correlated in the analysis of all patients, no correlation
was shown in patients with grade III tumours who received adju-
vant chemotherapy, where low-level MRP-1 expression played a
prognostic role.

In summary, MRP-1 expression in �25% of tumour cells at
diagnosis appears to be a significant marker of improved outcome
in a subset of invasive breast cancer patients with a less favourable
outcome, i.e., those with high-grade stage 1 or stage 2 cancers who
are treated with adjuvant CMF-based chemotherapy following
surgery. The question as to whether such expression holds predic-
tive power in these patients requires further investigation. Further-
more, any future studies should also address the prognostic role of
other members of the MRP family in the various subgroups of
patients with invasive breast carcinoma studied here.

FIGURE 5 – Kaplan-Meier survival analysis for MDR-1 Pgp expression (�25% vs. �25% tumour cells staining positive) in all patients who
received chemotherapy (a,b) and in patients with grade III tumours treated with chemotherapy (c,d) for RFS and OS, respectively. No association
can be seen between �25% vs. �25% MDR-1 Pgp at diagnosis and either RFS or OS in either group (p � log rank value).
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