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Background: Many new prognostic factors for breast cancer have been described, and
yet the ability to predict patient outcomes remains poor. Overexpression of p-glycoprotein
(p-gp), the multidrug resistance efflux pump, confers a worse prognosis to patients with
certain leukemias and other tumors. The purpose of this study was to analyze the potential
usefulness of p-gp expression as a prognostic factor in patients with breast cancer.

Methods: Paraffin blocks were obtained from 55 previously untreated patients who un-
derwent surgery between 1987 and 1988. To determine p-gp expression, tumor cell sus-
pensions were incubated with the p-gp-specific C219 monoclonal antibody and analyzed
using an indirect immunofluorescent flow cytometric assay.

Results: Twenty-four (44%) of the tumors were p-gp positive and 31 (56%) were p-gp
negative. Among the p-gp positive patients, 65% had recurrence of their disease, whereas
only 13% of the p-gp negative patients experienced recurrence (p = 0.0001). The 5-year
disease-free rate for p-gp positive patients was 39% compared with 83% for p-gp negative
patients (p = 0.0001). In univariate analysis examining 10 different variables, significant
predictors of recurrence were p-gp, stage, and tumor size. Multivariate analysis using Cox
Proportional Hazards regression showed that only p-gp and stage were significant inde-
pendent predictors of recurrence (p = 0.0002).

Conclusions: p-gp is frequently expressed in patients with untreated breast cancer, with
p-gp—positive patients being at significantly greater risk for disease recurrence. p-gp ap-
pears to be a useful prognostic factor in breast cancer and could potentially help guide
management,

Key Words: Breast cancer—p-glycoprotein—Prognostic factor—Recurrence—Multidrug

resistance.

It is estimated that there will be 183,400 new
breast cancer cases and 46,240 deaths due to this
cancer in 1995 (1). The biologic behavior of breast
cancer and the ultimate clinical outcome are often
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unpredictable. For instance, although patients with
lymph node-negative tumors have a favorable prog-
nosis, ~20-25% of these patients will die within 10
years (2). Despite the poor prognosis associated
with “‘locally advanced’ (stage III) breast cancer,
~30% of these patients will survive 10 years when
treated with multimodality therapy (3). Therefore,
methods of identifying those patients at increased
risk of failure are essential in order to direct therapy
to those who would most benefit. It is equally im-
portant to identify patients who do not require ad-
juvant therapy in order to avoid the toxicity and
cost associated with these treatments.

A great deal of effort has been focused on im-
proving the ability to predict the outcome of pa-
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tients with breast cancer. In addition to standard
pathologic staging criteria, a variety of other prog-
nostic factors have been examined, including histo-
logic grade, estrogen (ER) and progesterone (PR)
receptor levels, epidermal growth factor receptor,
DNA ploidy and S-phase fraction, HER-2/neu ex-
pression, and cathepsin D levels (4). These factors
can help identify a patient’s risk of recurrence and
appear most useful in patients with lymph node—
negative disease (4). Unfortunately, the ability of
these factors to predict patient outcomes is limited,
and the most important prognostic factor remains
the presence or absence of lymph node metastases
(5). Thus, there is a major need to identify better
prognostic factors (6).

p-Glycoprotein (p-gp), also known as P-170, is a
170-kDa membrane-bound protein that functions as
an energy-dependent drug efflux pump and has
been shown to mediate the multidrug resistance
(MDR) phenotype (7). MDR cells are resistant to
doxorubicin and to many other structurally and
functionally dissimilar chemotherapeutic agents (8).
Elevated expression of p-gp has been detected in a
wide variety of solid malignancies, including gastric
carcinoma (9), renal carcinoma (10}, neuroblastoma
(11), and pediatric sarcomas (12), as well as hema-
tologic malignancies, including myeloma (13), lym-
phoma (14), and leukemia (15-17). Studies examin-
ing the relationship between p-gp expression and
clinical outcome have shown variable results, pos-
sibly due to differences in the techniques used to
measure p-gp (18). However, it appears that pa-
tients with certain leukemias (15-17), neuroblas-
toma (11), or renal cell cancer (10) whose tumors
express p-gp have a worse prognosis.

Thus far, there are limited and contradictory data
in the literature on the frequency of p-gp expression
in human breast cancer and its clinical utility (19).
In this study, archival breast cancer specimens
were analyzed for p-gp expression, and the results
were then compared with clinical data. The ability
of p-gp to predict patient outcomes was compared
with that of other currently accepted prognostic fac-
tors.

MATERIALS AND METHODS

Patients and Tumor Samples

Paraffin-embedded blocks containing surgical
breast tumor specimens from the years 1987 to 1988
were obtained from a single institution (DePaul
Medical Center). All blocks were reviewed by a sin-

gle pathologist (G.S.) to ensure that they were rep-
resentative of the patient’s breast cancer. There
were 55 specimens with sufficient tumor tissue
available for study. The corresponding patient
records were reviewed to obtain clinical data, stan-
dard pathologic information, ER and PR levels,
flow cytometry data, treatment rendered, and fol-
low-up data. Each patient was assigned a code num-
ber such that the investigators who conducted the
p-gp assays (S5.G., Y.K.) were blinded as to the
clinical results.

Flow Cytometry Determination of p-gp

To determine p-gp by flow cytometry, the sam-
ples were processed using mechanical and enzymat-
ic disaggregation to yield single cell suspensions.
Briefly, the paraffin blocks were sliced into 10- to
20-pm sections using a microtome, and the slices
were processed immediately to help prevent antigen
loss. The specimens were deparaffinized with mul-
tiple xylene washes, each wash lasting >1 h. Rehy-
dration of the samples was performed with multiple
washes using decreasing concentrations of ethanol
(100%, 953%, 85%, 15%, 65%, and 53%). The sam-
ples were transferred to glass containers with 20 ml
of trypsin and stirred for 1 h in a water bath at 37°C.
The samples were filtered through mesh to obtain
single cell suspensions. The cells were centrifuged
and then fixed in 2 ml methanol at —20°C for 15
min. They were then washed with ice-cold phos-
phate-buffered saline with 0.1% Tween 20 and in-
cubated with 2.5 pg/ml of the p-gp—specific C219
mouse monoclonal antibody (Centocor Inc., Mal-
vern, PA) or with 2.5 pg/ml of an appropriate iso-
type control (mouse myeloma IgG2a; Vector Lab-
oratories, Burlingame, CA) for 30 min at 4°C as
previously described (20). After another wash, the
cells were incubated with FITC-labeled goat anti-
mouse 1gG (3.3 pg/ml; Vector) for 30 min at 4°C.
The cells were immediately washed and analyzed
on a Coulter Epics V flow cytometer equipped with
an MDADS graphic display (Coulter Electronics,
Hialeah, FL). Single histograms of FITC fluores-
cence were collected for 10,000 cells. Samples
stained with the specific antibody were compared
with the isotype controls, and electronic gates were
set to exclude 99% of isotype-positive cells. Cells
with fluorescence higher than that of the gated pop-
ulation were counted as being p-gp positive. The
percentage of cells expressing p-gp was calculated
by using an immunoanalysis program provided by
the manufacturer (Coulter). ChR C5 and AuX B1
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Chinese hamster cells were used as p-gp—positive
and —negative controls, respectively (20). Prelimi-
nary experiments in 5-year-old breast cancer tissue
blocks demonstrated that prolonged paraffin fixa-
tion followed by this tissue processing method does
not harm membrane protein expression as judged
by positive antibody staining for the constitutive
membrane protein CD44. These experiments in-
cluded samples that were p-gp positive and nega-
tive. Other work in our laboratory has shown a
good correlation between results obtained using
flow cytometry and immunohistochemistry, includ-
ing a CD44-positive staining control (unpublished
observations).

Statistical Analysis

Clinical characteristics are expressed as the mean
+ standard deviation for continuous variables and
as percentages for categorical variables. Categori-
cal covariates were compared with results of the x°
test, and continuous covariates were compared us-
ing the ¢ test. Univariate analysis of the effect of the
categorical covariates on recurrence-free survival
or overall survival was performed using the log-
rank test. For continuous covariates, Cox regres-
sion analysis was used. Multivariate analysis was
performed using the Cox Proportional Hazards re-
gression.

RESULTS

All 55 patients were female and none of the pa-
tients received preoperative chemotherapy or ra-
diotherapy. Flow cytometric analysis of the tumors
for expression of p-gp showed that 24 (44%) were
p-gp positive and 31 (56%) were p-gp negative (Fig.
1). The p-gp—positive and —negative groups had sim-
ilar clinical characteristics, as shown in Table 1. No
statistical difference was found between the two
groups in patient age, stage, tumor size, nodal sta-
tus, ER and PR status, ploidy, DNA index, or
S-phase. There also was no significant difference
between the two groups in the number of patients
receiving postoperative treatment or the type of
therapy they received (p = 0.26). Overall, 87% of
the p-gp—positive patients and 74% of the p-gp-
negative patients received chemotherapy and/or ta-
moxifen. The histologic distribution was similar in
both groups, with infiltrating ductal carcinoma in
85% and various invasive carcinomas in the remain-
ing 15%.

Recurrence of disease was defined as the devel-
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FIG. 1. Archival tumor samples were deparaffinized and pro-
cessed into single cell suspensions. The samples were incubated
with the p-gp-specific C219 monoclonal antibody or an appro-
priate isotype control and analyzed using an indirect immunoflu-
orescent flow cytometric assay as described in Materials and
Methods. Shown are representative histograms from a p-gp—
negative tumor (A) and a p-gp-positive tumor (B).

opment of local recurrence, metastatic disease, or
progression of disease not present originally at the
time of surgery. No follow-up data were available
for one patient; thus, the survival data are based on
the remaining 54 patients. The length of follow-up
for surviving patients ranged from 47 to 81 months,
with an average follow-up period of 60 months. Fif-
teen of 23 (65%) p-gp-positive patients had recur-
rence of their disease compared with four of 31
(13%) p-gp-negative patients (p = 0.0001). The
5-year disease-free rate was 39% for p-gp—positive
patients, with a median time to recurrence of 44
months, compared with 83% for p-gp-negative pa-
tients, with a median time to recurrence of >81

TABLE 1. Comparison of P-glycoprotein (+) and
(—) groups

P-Glycoprotein

+ - p
Age (years) 572154 61.3 = 12.8 0.28
Tumor size (cm) 28+ 14 24+13 0.27
Node (+) 54% 55% 0.96
Stage

I 25% 32%

11 62% 55%

I 4% 6%

v 8% 6% 0.65
ER (+) 79% 2% 0.59
PR (+) 48% 55% 0.46
Aneuploid % 64% 0.66
DNA index 1.47 + 0.36 1.32 = 0.38 0.25
S-phase (%) 12.2 = 8.9 99 +9.1 0.50

“ Categorical covariates analyzed via x*. Continuous covari-
ates analyzed via ¢ tests.
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months (Fig. 2). The results of univariate analysis of
the different variables is shown in Table 2. p-gp,
stage, and tumor size were the only variables that
significantly influenced recurrence. When the pa-
rameters were analyzed using multivariate analysis,
only p-gp and stage were significant predictors of
recurrence (p = 0.0002). Stage and tumor size were
highly correlated; therefore, size was no longer sig-
nificant when adjusted for stage.

The effects of p-gp expression and tumor stage on
recurrence are illustrated by the predicted recur-
rence-free curves generated from the Cox Propor-
tional Hazards regression as shown in Fig. 3. The
S-year recurrence-free rates for p-gp—positive pa-
tients in stages I-IV here were 58%, 34%, 12%, and
2%, respectively, whereas the corresponding p-gp-
negative patients had significantly higher recur-
rence-free rates of 93%, 86%, 75% and 57%, respec-
tively. Of note, stage IV p-gp-negative patients had
a recurrence-free survival (57%) comparable with
that of stage I p-gp—positive patients (58%).

The influence of different types of postoperative
treatment on the observed recurrence rates was ex-
amined using Cox Proportional Hazards regression.
The overall analysis showed that patients of similar
stage and treatment who were p-gp positive had sig-
nificantly higher recurrence rates compared with
patients who were p-gp negative (p = 0.0003). As
an example, the recurrence-free survival curves for
stage II patients generated from the Cox Propor-
tional Hazards regression are shown in Fig. 4. Sim-
ilar results were seen for patients in the other stages
{data not shown). Thus, differences in postopera-
tive treatment cannot explain the apparent influ-
ence of p-gp expression on recurrence-free sur-
vival.
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FIG. 2. Actuarial curves of recurrence-free survival stratified
by p-gp expression.

TABLE 2. Univariate analysis of factors
affecting recurrence

Covariate p®
P-gp 0.0001
Age 0.55
Tumor size 0.014
Nodal status 0.81
Stage 0.04
ER status 0.69
PR status 0.63
Ploidy 0.44
DNA index 0.75
S-phase 0.92

@ Categorical covariates analyzed via the log-rank test. Con-
tinuous covariates analyzed via Cox regression.

Among the 23 p-gp-positive patients, eight (35%)
died from their breast carcinoma. Six of the 31
(19%) p-gp-negative patients likewise succumbed
to their disease (Fig. 5). The difference in overall
survival between the two groups was not statisti-
cally significant.

DISCUSSION

This study in previously untreated patients with
breast cancer showed that 44% of the tumors were
p-gp positive. It thus appears that many breast tu-
mors possess intrinsic drug resistance that may se-
verely limit the effectiveness of chemotherapeutic
agents. When multiple factors were evaluated for
their effect on prognosis, only p-gp and stage were
independent predictors of breast cancer recurrence
(Fig. 3). Overall, 65% of p-gp-positive patients ex-
perienced recurrence compared with only 13% of
the p-gp-negative group. It is also interesting that
p-gp was useful in predicting prognosis even in pa-
tients who did not receive postoperative chemo-
therapy. This suggests that p-gp, in addition to its
association with MDR, may be a marker for cells
that possess a more malignant phenotype.

The clinical characteristics of the p-gp-positive
and p-gp-negative groups were similar, as shown in
Table 1. The distribution of treatment modalities
between the two groups was also similar. When
comparing patients of similar stage treated with the
same postoperative modalities, the p-gp-positive
patients had a higher recurrence rate (Fig. 4). Thus,
the findings in our study do not appear to be due to
differences in clinical characteristics or the type of
treatment administered.

Although treatment with chemotherapy can in-
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duce p-gp, tumors that have not been exposed to
chemotherapy also can express p-gp, as demon-
strated by our study and the work of others (21). It
has been suggested that drug resistance may be a
natural consequence of tumor progression (22-24).
However, the mechanisms that regulate the expres-
sion of p-gp are poorly understood. Investigators
have shown that wild-type p53 protein represses
(25) and mutant p33 stimulates the MDR-1 promo-
tor (26,27), even though the promotor lacks a p53
binding sequence. Others have found no correlation
between p-gp expression and p33 status, but instead
have shown a relationship between p-gp and HER-
2/neu (28). It seems likely that the regulation of p-gp
is complex and may occur via multiple mechanisms,

Stage Il
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FIG. 4. Predicted recurrence-free survival curves stratified by
p-gp expression, tumor stage, and type of postoperative treat-
ment, determined using the Cox Proportional Hazards model.
Shown is a representative series of curves for patients with stage
II disease. Similar results were seen in patients in other stages.
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including gene amplification, increased messenger
RNA content, or increased protein content (29).
The frequency of p-gp expression in human solid
tumors varies depending on the tumor type, the
type of assay performed, and the treatment status of
the patient. Studies on the frequency of p-gp ex-
pression in breast cancer have shown conflicting
results. In the largest study to date, Southern,
Northern, and Western blotting failed to detect any
increase in p-gp gene copy number or expression in
248 patients with untreated primary and relapsing
breast carcinoma (30). This failure to detect p-gp—
positive cells may have been due to a large back-
ground of structural, inflammatory, and p-gp-
negative breast cancer cells. A review of subse-
quent studies using immunohistochemical assay in
smaller numbers of both treated and untreated pa-
tients with breast cancer suggests that p-gp is ex-
pressed in ~40-50% of patients (19). There contin-
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FIG. 5. Actuarial curves of overall survival stratified by p-gp
expression.
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ues to be uncertainty regarding the frequency of
p-gp expression in previously untreated patients
with breast cancer, with values ranging from 0%
(31) to 85% (21). We found in our study of untreated
patients that 44% of the tumors were p-gp positive
using a flow cytometry technique. Other work in
our laboratory has shown a good correlation be-
tween the results obtained using flow cytometry
and immunohistochemistry (unpublished observa-
tions). Thus, it appears that immunohistochemistry
and flow cytometry are preferable to blotting tech-
niques to assess p-gp expression in breast cancer.
However, controversy remains regarding the opti-
mal technique, the antibody to be used, and the
criteria for a positive result (18,32,33). Such issues
will need to be resolved if assay of p-gp expression
is to become more widely used.

Although increased expression of p-gp has been
associated with a poor prognosis in several malig-
nancies, including certain forms of leukemia (15~
17), in general few data are available on its useful-
ness as a prognostic factor in solid tumors such as
breast cancer. In a series of 20 untreated patients
with breast cancer, p-gp expression correlated with
a lack of response to chemotherapy and a shorter
progression-free survival (21). In another study of
48 patients with locally advanced breast cancer
treated with neoadjuvant chemotherapy and radio-
therapy, 50% of the tumors were p-gp positive after
treatment, and these patients had a poorer response
to chemotherapy (34). Our study in untreated pa-
tients with breast cancer showed that p-gp expres-
sion was associated with a higher recurrence rate
and a shorter time to recurrence, regardless of the
type(s) of treatment that the patient received.

Although in our study 35% of the p-gp—positive
group died compared with only 19% of the p-gp-
negative group, the difference in overall survival
was not statistically significant. The preliminary re-
sults of a recent study in 50 patients showed that
p-gp expression was a significant independent pre-
dictor of postoperative survival (35). In that study,
all patients had positive axillary lymph nodes and
were treated with postoperative chemotherapy.
Thus, both studies showed similar trends, even
though the two study populations were somewhat
different.

In summary, it appears that p-gp may be useful in
predicting recurrence-free survival in breast cancer.
Further study with a larger patient population and
longer follow-up are needed to verify these findings
and determine the usefulness of p-gp in predicting

overall survival. The techniques used to measure
p-gp and the criteria that constitute a positive result
also need to be standardized so that data from dif-
ferent studies may be more easily compared. If the
results of this study are confirmed, measurement of
p-gp might help identify patients requiring more ag-
gressive therapy with non-MDR drugs.
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