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ABSTRACT
The aim of this study was to determine the concentra-

tion and to evaluate the prognostic value of pepsinogen C
(PepC) in breast cancer patients. PepC is an aspartic pro-
teinase that is involved in the digestion of proteins in the
stomach and is also synthesized by a subset of human breast
tumors. PepC concentrations were measured with a highly
sensitive immunofluorometric assay, which uses two mono-
clonal antibodies that are specific for PepC and has a detec-
tion limit of 0.1 ng/ml. Breast tumor cytosols from 151
patients (median follow-up, 67 months), stratified according
to nodal status, were evaluated. An optimal cutoff value,
equal to 1.75 ng/mg of extracted protein, was first defined by
statistical analysis. PepC status was then compared with
other established prognostic factors, in terms of disease-free
survival (DFS) and overall survival (OS). High PepC con-
centrations were found in small (P 5 0.003) and well-differ-
entiated tumors (P 5 0.042) as well as in stage I (P 5 0.003)
and node-negative patients (P 5 0.040). Statistically signif-
icant associations of PepC concentration with patient age
and estrogen receptor and progesterone receptor status
were not observed. In univariate Cox regression analysis of

the entire cohort of patients, negative PepC proved to be a
significant predictor of reduced DFS (P 5 0.0086) and OS
(P 5 0.025). Multivariate analysis in subgroups of patients
defined by nodal status indicated that PepC status was a
strong predictor of DFS (P 5 0.0039) and the strongest
factor for predicting OS (P 5 0.0046) in node-positive but
not in node-negative patients. Our results suggest that PepC
may be used as an independent favorable prognostic factor
in node-positive breast cancer patients because there were
no significant associations between PepC and the other
prognostic factors evaluated in this group of patients.

INTRODUCTION
A variety of proteinases are overproduced, either by epi-

thelial cells or by surrounding stromal cells of the host tissue (1).
These enzymes include matrix metalloproteinases as well as
serine, cysteine, and aspartic proteinases. Several clinical stud-
ies have shown that overexpression of these enzymes in breast
tumors may be associated with poor clinical outcomes (2–4).

PepC3 is the precursor of pepsin C, an aspartic proteinase
that is synthesized primarily in the gastric mucosa and secreted
into the gastric lumen, where it is converted to the correspond-
ing active enzyme under acidic conditions (5, 6). PepC, also
known as progastricsin, is widely distributed in the gastrointes-
tinal tract and, in some species, such as rodents, constitutes the
major proteolytic enzyme present in the gastric juice (7). Isola-
tion and characterization of cDNA and genomic clones for
human PepC has shown that this protein is composed of a single
polypeptide chain of 488 residues, with significant sequence
similarity to other aspartic proteinases, such as pepsinogen A,
procathepsin D, procathepsin E, and prorenin (8).

The association of PepC with human breast pathology,
including breast cancer, was suggested after it was found that
PepC is a major proteolytic enzyme in the cyst fluid from
women with gross cystic disease of the breast (9, 10). PepC
accumulation in cyst fluid is a pathological entity that is thought
to be linked to androgen dysfunction (11, 12). Several groups
have also demonstrated that normal prostate and prostatic car-
cinomas are able to produce PepC (13, 14). Of particular interest
have been findings that PepC expression in breast carcinomas
was associated with pathological and biochemical features of
less aggressive disease and with favorable prognostic outcome
(15). These findings parallel closely those demonstrating the
favorable prognostic value in breast cancer of PSA (16). Be-
cause bothPSA and PepC are androgen-regulated genes, we
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hypothesized that they may have similar or complementary
prognostic values in breast cancer patients. In this study, we
determined the concentration of PepC with a highly sensitive
immunofluorometric assay in breast tumor cytosols from 151
patients and evaluated the prognostic value of this measurement.
PepC values were compared with other established prognostic
factors in terms of DFS and OS using univariate and multi-
variate analyses.

MATERIALS AND METHODS
Study Population. Included in this study were tumor

specimens from 151 patients undergoing surgical treatment for
primary breast carcinoma at the Department of Gynecological
Oncology at the University of Turin, Turin, Italy, during the
period from January 1988 to December 1992. Tumor tissue had
been frozen in liquid nitrogen immediately after surgery. The
selection criteria for the specimens included the availability of
sufficient tissue mass for extraction and assay; the patients
represented 60% of new cases of breast cancer diagnosed and
treated at the above institution during the accrual period. This
study had been approved by the Ethics and Research Committee
at the University of Toronto and by the Institutional Review
Board of the University of Turin.

The ages of the patients ranged from 25 to 93 years; the
median age was 54 years. Twenty-five % of the patients were
under the age of 45 years, 25% were between 45 and 55 years,
and 50% were aged 56 years or older. All patients had a
histologically confirmed diagnosis of primary breast cancer and
received no treatment before surgery. Modified radical mastec-
tomy with axillary lymph node dissection was performed on
95% of the patients. For the patients who had axillary node
dissection, the positivity rate for cancer involvement of lymph
nodes was 61.5%. The sizes of the tumors resected during
surgery ranged from 0.8 to 7.0 cm and the mean and median

sizes were 2.7 and 2.5 cm, respectively. Clinical staging was
performed according to the Postsurgical International Union
Against Cancer tumor-node-metastasis classification system
(17). Of 150 patients for whom the stage was known, 45 (30%),
87 (58%), 7 (4.6%), and 11 (7.4%) were stage I, II, III, and IV,
respectively. Histological grade of the tumors was determined
according to criteria reported by Bloom and Richardson (18)
and was known for 107 patients: 6 patients (5.6%) had grade I,
55 (51.4%) had grade II, and 44 patients (41.1%) had grade III
tumors. Most of the tumors (70%) were of invasive ductal
histological type, whereas the remaining tumor were invasive
lobular (12.6%), ductalin situ (2%), medullary (2.7%), papillary
(2.7%), tubular (2%), inflammatory (2.7%), tubulo-lobular
(2.7%), cribriform (1.3%), and muciparous (1.3%). Postopera-
tive treatment was known for all patients. Whereas 30% re-
ceived no further treatment after tumor resection, 24% were
given adjuvant chemotherapy only, 41% were treated with en-

Fig. 1 Distribution of PepC concentrations in 151 human breast car-
cinomas. The median concentration was 1.16 ng/mg protein.Arrow,
selected cutoff level, 1.75 ng/mg protein (75th percentile).

Fig. 2 Determination of optimal cutoff value for PepC status for pre-
diction of relapse-free survival (A) and OS (B) of breast cancer patients.
Thex2 values obtained at each cutoff value are plotted against the value
itself.
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docrine therapy only, and 5% were given both chemotherapy
and endocrine therapy. Disease relapse was defined as the first
documented evidence of local or regional axillary recurrence or
distant metastasis.

Follow-up information was available for 148 patients and
included survival status (alive or deceased) and disease status
(disease free or recurrence/metastasis), along with the dates of
the events and cause of death, if applicable. The relapse-free
survival time in each case was the time interval between the date
of surgical removal of the primary cancer and the date of the
first documented evidence of relapse. The OS time was the time
interval between the date of surgery and the date of death or the
date of last follow-up for those who were alive at the end of the
study.

Preparation of Cytosolic Extracts. Tumor tissues were
stored at280°C until their pulverization and cytosolic extrac-
tion. The extraction procedure consisted of treatment of the
tissue powders (10–50 mg) with a cell lysis buffer (500ml)
containing 50 mM Tris (pH 8.0), 150 mM NaCl, 5 mM EDTA, 10
g/liter NP40 surfactant, and 1 mM phenylmethylsulfonyl fluo-
ride for 30 min on ice and subsequent separation of cell debris
from the cytosols by centrifugation at 15,0003 g for 30 min at
4°C. Supernatants were assayed for PepC and total protein
immediately after centrifugation.

Steroid Hormone Receptor Analyses. Tumor speci-
mens (n 5 151) were pulverized in liquid nitrogen and homog-
enized in buffer, and the cytosolic fractions were obtained by
ultracentrifugation and quantified for steroid hormone receptors,
as described elsewhere (19). The results of the dual ligand-
binding assay, in which dextran-coated charcoal was used to
separate bound from free ligand, were interpreted by Scatchard
analysis (20). Protein concentrations of the cytosols were deter-
mined by the method of Lowryet al. (21). Tumors with ER and
PR concentrations below or equal to 10 fmol/mg protein were
considered as receptor negative, whereas tumors with receptor
concentrations above such values were considered positive, as
followed previously (22, 23). On the basis of these cutoffs, 99
(67.3%) and 93 (63.7%) of 147 and 146 breast carcinomas were
ER and PR positive, respectively.

PepC Immunoassay. We have used a quantitative im-
munofluorometric assay to determine the PepC concentrations
in the tumor extracts (10), which were assayed without dilution
and in duplicate. The assay, which has been described previ-

Fig. 3 Relationship between PepC concentration and tumor-node-
metastasis stage. The PepC concentrations in 150 primary breast cancer
cytosols are plotted according to stage (I, II, III, or IV).P was deter-
mined by the Kruskal-Wallis test. Thenumbers in parenthesesindicate
the number of patients in each group. Thebroken line indicates the
cutoff level of 1.75 ng/mg protein that was used in survival analysis.
Horizontal lines, mean PepC concentrations for each stage of cancer.

Table 1 Relationships between PepC statusa and other variables

Variable
Total no.

of patients

No. of patients (%)

Pb
PepC

negative
PepC

positive

Age (yr)
,45 38 32 (84.2) 6 (15.8)
45–55 38 27 (73.0) 10 (27.0) NSc

.55 75 52 (71.2) 21 (28.8)
Tumor size (cm)

,2 43 26 (60.5) 17 (39.5) 0.008d

$2 105 83 (81.4) 19 (18.6)
Nodal status

Negative 55 36 (67.9) 17 (32.1) NSd

Positive 88 69 (79.3) 18 (20.7)
Gradee

I–II 63 41 (68.3) 19 (31.7) 0.019d

III 44 39 (88.6) 5 (11.4)
Histology

Ductal 106 79 (76.0) 25 (24.0)
Lobular 19 15 (78.9) 4 (21.1) NSc

Other 26 17 (68.0) 8 (32.0)
Stagef

I 45 27 (60.0) 18 (40.0)
II 87 66 (78.6) 18 (21.4) 0.008c

III–IV 18 17 (94.4) 1 (5.6)
ER statusg

Negative 48 35 (74.5) 12 (25.5) NSd

Positive 99 73 (75.3) 24 (24.7)
PR statusg

Negative 53 36 (72.0) 14 (28.0) NSd

Positive 93 71 (76.3) 22 (23.7)
Adjuvant treatment
None 44 32 (72.7) 12 (27.3) NSc

Tamoxifen 68 47 (69.1) 21 (30.9)
Chemotherapy6

tamoxifen
36 32 (88.9) 4 (11.1)

a Cutoff point, 1.75 ng/mg.
b NS, not significant (P . 0.05).
c x2 test.
d Fisher’s exact test.
e Bloom-Richardson grading system.
f Tumor-node-metastasis system.
g Cutoff point, 10 fmol/mg.
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ously and is now commercially available from Diagnostic Sys-
tems Laboratories (Webster, TX), uses two monoclonal antibod-
ies specific for PepC and has a detection limit of 0.1 ng/ml. All
PepC concentrations in ng/ml were converted to ng of PepC per
mg of total protein to compensate for the amount of tissue
extracted from each tumor.

Statistical Analysis. For analysis of data, patients were
subdivided into groups based on different clinical or patholog-
ical parameters. Because the distribution of PepC concentrations
was not Gaussian, the analysis of differences in PepC values
between two groups was performed with the nonparametric
Mann-WhitneyU test. Similarly, relationships between more
than two groups were determined by the Kruskal-Wallis test. In
this analysis, PepC was used as a continuous variable. PepC
values were also classified into two categories (PepC-positive
and -negative groups), and associations between PepC status
and other qualitative variables were analyzed using thex2 and
Fisher’s exact tests, where appropriate. An optimal cutoff point,
equal to 1.75 ng/mg, was found byx2 analysis. ER and PR
values were categorized into positive and negative status, as
described above. The cutoff value for tumor size was 2 cm.
Lymph node status was either positive (any positive number of
nodes) or negative. Age was categorized into three groups:,45
years, 45–55 years, and.55 years. Survival analyses were
performed by constructing Kaplan-Meier DFS and OS curves
(24), where differences between curves were evaluated by the
log-rank test as well as by estimating the RRs for relapse and
death using the Cox proportional hazards regression model (25).
Only patients for whom the status of all variables was known
were included in the multivariate regression models, which
incorporated PepC and all other variables for which the patients
were characterized. Selection of prognostic variables with the
highest significant effect in relapse-free survival and OS was
performed in the Cox’s model using the stepwise regression
option from SPSS software (SPSS Inc., Richmond, CA). Only
variables for whichP was ,0.05 were retained in the final
model.

RESULTS
Distribution of PepC Concentration and Relationship to
Other Prognostic Variables

The PepC concentration of the 151 cytosolic samples var-
ied widely from 0 to 9.71 ng/mg; the median was 1.16 ng/mg,
and the mean was 1.59 ng/mg. Fig. 1 shows the distribution of
these concentrations, which was slightly positively skewed. An
optimal cutoff value was defined byx2 analysis, based on the
ability of PepC values to predict the DFS and OS of the study
population. As shown in Fig. 2, a value of 1.75 ng/mg protein
was shown to be the optimal cutoff (x2 5 7.0, P 5 0.008, and
x2 55.0,P 5 0.026, for DFS and OS, respectively). This cutoff
(75th percentile) identifies 25% of patients as being PepC pos-
itive. PepC positivity was found more frequently in small (P 5
0.008), well-differentiated tumors (P 5 0.019), as well as in
patients with stage I disease (P 5 0.003; Fig. 3). No significant
associations between PepC status and patient age, steroid hor-
mone receptors, and histological type were observed (Table 1).
A weak association was found between PepC concentration and
lymph node status (P 5 0.042; Fig. 4).

PepC Protein as a Predictor of Breast Cancer
Patient Survival

Univariate and Multivariate Analysis. Follow-up in-
formation was available for 148 of the 151 patients included in
the study. During their respective follow-up periods, 56 patients
(37.1%) developed cancer relapse, and 39 (25.8%) died. In Cox
univariate survival analysis, the risks of relapse and death were
not significantly related to PepC, considered as a continuous
variable. However, significantly reduced risks for both relapse
and death were shown to be associated with PepC positivity
using the PepC cutoff of 1.75 ng/mg (Table 2). These regression
models showed that there was an extensive reduction in risk of
relapse and death in patients with PepC-positive cancer com-
pared to those with PepC-negative disease. The Kaplan-Meier
survival curves (Fig. 5) also show that PepC-positive patients
had more favorable DFS and OS rates than did PepC-negative
patients. The difference in survival rates between the two groups
was greater for DFS than for OS. In the multivariate analysis of
PepC, the Cox regression models were adjusted for age, nodal
status, tumor size, and ER and PR status, all of which were used
as categorical variables, except tumor size, which was consid-
ered a continuous variable, as described above. Tumor grade
was not included in the multivariate analysis because of the
relatively large number of patients for which this variable was
unknown. Patient age, tumor size, and nodal status were, thus,
shown to be independent factors for predicting both DFS and

Fig. 4 Relationship between PepC concentration and tumor grade (A)
as well as the nodal status (B). The PepC concentrations are plotted
according to grade (I, II, or III) and axillary lymph node status [N(1) or
N(2), lymph node-positive or -negative, respectively].P was deter-
mined from Kruskal-Wallis (A) and Mann-Whitney (B) tests.Numbers
in parenthesesindicate the number of patients in each group. The
broken line indicates the cutoff level of 1.75 ng/mg protein that was
used in survival analysis.Horizontal lines, mean PepC concentrations.
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OS. PepC significantly added to the prognostic power in the
multivariate model in analysis for DFS (RR5 0.39;P 5 0.032)
but not for OS.

Univariate and Multivariate Analysis in Patients Clas-
sified by Nodal Status. Because node-positive patients are
substantially different from node-negative patients in terms of
their prognosis and treatment administered after the surgery,
univariate and multivariate Cox regression models were devel-
oped to evaluate the effect of PepC on DFS and OS for each of
the two groups of patients. The results are shown in Table 2 and
Fig. 6. Breast cancer patients with tumors that were positive for
PepC tended to have a 30–45% reduction in risk for relapse or
death. PepC was an independent factor for predicting DFS
(RR 5 0.19;P 5 0.0039) and OS (RR5 0.12;P 5 0.0046) in
node-positive patients. Age and ER significantly added to the
prognostic power in the multivariate model in analysis for DFS
and OS, respectively. When the relationship between PepC and

survival was examined in node-negative patients, none of the
differences were statistically significant.

DISCUSSION
This study was designed to investigate whether PepC con-

centrations determined by an immunofluorometric assay have
prognostic value in primary breast carcinoma. Our findings have
demonstrated the clinical relevance of PepC as an independent
favorable prognostic indicator of lymph node-positive but not of
node-negative breast cancer. To our knowledge, only one pre-
vious study, by Vizosoet al. (15), has addressed the relationship
between PepC expression in breast tumor tissue and survival
outcome. These authors similarly reported evidence for favor-
able prognosis conferred by PepC expression in their entire
cohort of breast cancer patients but did not provide data, sug-
gesting differences between node-positive and node-negative

Table 2 Association between PepC and breast cancer survival

Variable

DFS OS

Univariate
P

Multivariate
Pa RR (95% CI)b

Univariate
P

Multivariate
Pa RR (95% CI)b

Patient’s agec

A 0.16 0.79 1.06 (0.69–1.59) 0.43 0.047 1.61 (1.01–2.59)
B ,0.001 0.0023 0.52 (0.34–0.79) 0.012 0.0041 0.44 (0.25–0.77)

Tumor sized 0.0032 0.012 1.34 (1.07–1.68) 0.022 0.024 1.38 (1.04–1.83)
Nodal status 0.018 0.022 2.12 (1.11–4.07) 0.017 0.021 2.53 (1.08–5.88)
Gradee 0.18 0.28
ERf 0.091 0.033
PRf 0.33 0.64
PepC statusg 0.0086 0.032 0.39 (0.16–0.92) 0.025

Node-positive patients (n 5 88)

Patient’s agec

A 0.024 0.76 0.92 (0.57–1.49) 0.86
B ,0.001 0.0073 0.49 (0.30–0.82) 0.022

Tumor sized 0.054 0.13
Gradee 0.39 0.40
ERf 0.22 0.061 0.047 0.45 (0.20–0.98)
PRf 0.76 0.41
PepC statusg 0.0045 0.0039 0.19 (0.04–0.80) 0.019 0.0046 0.12 (0.02–0.83)

Node-negative patients (n 5 55)

Patient’s agec

A 0.62 0.021 0.023 3.33 (2.06–5.34)
B 0.039 0.23 0.083 0.28 (0.07–1.17)

Tumor sized 0.10 0.41
Gradee 0.16 0.25
ERf 0.089 0.31
PRf 0.45 0.91
PepC statusg 0.89 0.51

a Ps in multivariate analyses are from the final models in which only variables withP , 0.05 were retained.
b RRs with 95% confidence intervals are presented only for the retained variables that were significant in the multivariate analysis. CI, confidence

interval.
c A, 45–55 years of ageversus,45 years old. B,.55 years oldversus,45 years old.
d Test for trend.
e Grade was not included in multivariate analysis because of a large number of missing values.
f Positive compared with negative (cutoff point, 10 fmol/mg protein).
g Positive compared with negative (cutoff point, 1.75 ng/mg protein).
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patients with respect to the effect of PepC on outcome. Whereas
the detection of PepC expression in this previous study was
performed by immunoperoxidase staining using a polyclonal
antibody, whereby 33% of 243 cases were defined as PepC
positive, in the work described here, 25% of 151 breast cancer
patients were classified as PepC positive on the basis of having
PepC concentrations, measured by a quantitative ELISA tech-
nique using two monoclonal antibodies, which exceeded a sta-
tistically determined optimal cutoff level. The availability of
several other clinicopathological features for our sample of
breast cancer patients permitted the multivariate examination of
each variable for its independent contribution to DFS and OS.
Thus shown to be independent markers of prognosis were nodal
status, tumor size, patient age, and PepC status, among which
only PepC and older age (.55 years) indicated favorable out-
come. Two other proteins expressed in breast tumor tissues,

PSA and pS2, have also been previously shown to be favorable
prognostic indicators (16, 26, 27). In other studies, the prognos-
tic impact of some biochemical markers have been shown to be
dependent on lymph node status. For instance, cathepsin D,
c-myc, and pS2 protein were found to have independent prog-
nostic value in node-negative breast cancer patients (3, 27–29),
whereas c-erbB2 oncoprotein was shown to be the strongest
predictive factor of poor short-term prognosis followed by p53
protein in lymph node-positive breast cancer (30, 31).

Because very little is known about the physiological role of
PepC in breast tissue, a hypothesis explaining the mechanism by
which PepC expression may confer a favorable breast cancer
prognosis, especially in node-positive patients, is, at present,
difficult to formulate. In contrast to its function in the gastric
lumen or to those of matrix metalloproteinases and aspartic
proteases such as cathepsin D in the interstitium, PepC may not
become functionally active as a proteolytic enzyme in breast
cancer tissue, given that it is secreted as a precursor of high
molecular weight that requires exposure to pH conditions lower
than those found in the extracellular matrix (9). However, be-
cause large acidic vesicles within breast cancer cells have been
demonstrated (32), local activation of secreted proPepC cannot
be excluded. Whether PepC acts upon substrates such as matrix
structural components, sequestered growth factors, cytokines,
their binding proteins, or other extracellular constituents re-
mains to be determined experimentally. In light of the fact that
PepC is not synthesized by mammary epithelium under normal
conditions and is expressed only in a subset of breast carcino-
mas (33), its function may not be required either for the main-
tenance of breast tissue function or for breast tumorigenesis but
may simply reflect hormonal alterations involved in the breast
cancer development.

Studies on the regulation of the PepC gene have revealed
that it is up-regulated by androgens, glucocorticoids, and pro-
gesterone but not by estradiol (34), in contrast to the estrogen
responsiveness of another gene,pS2, which displays the same
pattern of tissue specificity as PepC (35). Furthermore, high
levels of both PepC and pS2 are associated with favorable breast
cancer prognosis (27). The relationship between steroid hor-
mone responsiveness and PepC expression in breast tumor tis-
sue may be reflected by our finding that PepC concentrations
were higher in well-differentiated, low-grade lesions, which
typically express steroid hormone receptors. In light of these
considerations and the fact that poorly differentiated, high-grade
tumors are frequently independent of steroid hormone regula-
tion, it is possible that PepC may serve as a better indicator of
a functional pathway than the presence of the steroid hormone
receptors themselves. Because not all breast cancers respond to
endocrine manipulation (36), it has been speculated that the
physical existence of the receptors may not necessarily consti-
tute proof of their functionality. Defective receptors have been
shown to exist which do not have the ability to form complexes
with their ligands or to bind to the hormone response elements
in target genes (37). The results of our study may further
indicate the ability of PepC to predict response of breast cancer
patients to hormonal manipulation, given that only 13% of
node-positive patients who received postoperative tamoxifen
treatment and whose tumors expressed high PepC relapsed and
died, compared to a 35% relapse rate and a 25% death rate of

Fig. 5 DFS (A) and OS (B) curves in patients with PepC-positive and
-negative breast tumor cytosols, followed for a median of 67 months.
The cutoff value for PepC positivity was 1.75 ng/mg protein.
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similarly treated node-positive patients whose tumors were
PepC-negative (data not shown). Additional studies of hormon-
ally treated patients for whom response criteria are clearly
defined are needed to confirm these preliminary observations
regarding PepC and tamoxifen responsiveness.

In summary, we found that PepC was present in 25% of
breast cancer tissues at concentrations of.1.75 ng/mg protein.
PepC was more frequently present in small tumors and in
tumors of lower grade as well as in early-stage disease. The
difference between the means of PepC concentrations in node-
positive and -negative patients was of borderline significance.
No significant association between PepC status and steroid
hormone receptor status was observed. Node-positive breast
cancer patients with tumors positive for PepC tended to have a
marked reduction in the risk for relapse or death. This difference
in survival remained significant after clinical and pathological
features, also related to survival, were taken into consideration.

Therefore, the measurement of PepC concentrations in tumor
extracts may provide additional information related to breast
cancer prognosis, particularly in node-positive patients.
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