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Adjuvant Chemotherapy in Node-negative Breast Cancer:
UPA/PAI-1 Determinations for 163 Cases
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Abstract. Background: The urokinase-type plasminogen
activator (UPA) and its main inhibitor plasminogen activator
inhibitor-1 (PAI-1) are involved in tumor interactions with the
microenvironment. The UPA/PAI-1 content in tumor tissue can
be used to identify populations at low-or high-risk of
recurrence of breast cancer, even without other standard
prognostic markers. Materials and Methods: The purpose of
the present study was to compare adjuvant chemotherapy
decisions made by a multi-disciplinary board for 163 node-
negative breast cancer cases, based on clinicopathological
(CP) and UPA/PAI-1 risk assessment. Results: The UPA/PAI-
1 levels identified 37% of the population as being at low risk.
Adjuvant chemotherapy indication was spared in high-CP risk
in 17%, but maintained in low-CP risk in 33%. Conclusion:
The use of UPA/PAI-1 data did not consistently result in a
decrease of adjuvant chemotherapy. This study highlighted the
difficulties encountered in a local multi-disciplinary board in
determining appropriate roles and weights of new prognostic
markers (UPA/PAI-1 was not routinely employed in France)
when no data are available for assessing their prognostic and
predictive power compared to other prognostic factors.

The urokinase-type plasminogen activator (UPA) and its
inhibitor, plasminogen activator inhibitor-1 (PAI-1), are
proteases critically involved in tumor invasiveness. On the
one hand, they degrade the extracellular matrix and on the
other, they promote cell adhesion and migration. They are
also involved in neo-angiogenesis during tumor development
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(1). The prognostic value of these biomarkers in breast
cancer was established (2, 3) and validated with the highest
level of evidence (LOE-1) by the American Society of
Clinical Oncology in 2007 (4) and by the National Cancer
Institute in association with the French Society of Senology
and Breast Pathology (SFSPM) in 2009 (5). The UPA/PAI-1
content in tumor tissue has been correlated with disease
aggressiveness; thus, it impacts disease-free survival and
overall survival in patients with primary breast tumors.

Node-negative (NO) breast carcinomas are heterogeneous
diseases with different potential to metastasize. Adjuvant
chemotherapy may improve progression-free survival and
overall survival, but chemotherapy can be avoided in a large
majority of patients with NO status that are at low risk of
recurrence. One of the major clinical challenges is to identify
these types of patients. Clinicopathological (CP) parameters
for assessing the risk of recurrence include age, tumor size,
grade of tumor differentiation, steroid hormone receptor
status, Human Epidermal Growth Factor Receptor-2 (HER2)
overexpression, and the level of proliferative markers
Antigen Ki-67 (Ki67). These markers are useful for
identifying subgroups of patients, but they are limited in their
usefulness for deciding adjuvant chemotherapy without a risk
of overtreatment.

UPA/PAI-1 content in primary breast tumor tissue can be
used to identify sub-groups of patients with NO breast cancer
according to the risk of relapse; thus, the UPA/PAI-1 content
can be used to refine adjuvant chemotherapy indications (6, 7).
The thresholds for identifying low-and high-risk sub-groups are
3 ng/mg of cytosolic protein for UPA and 14 ng/mg for PAI-1;
these can be used regardless of whether CP criteria are used
(3). An increase in both proteins indicates a worse prognosis
than an increase in only one (8).

Based on UPA/PAI-1 content, 55% of patients with NO
disease have an extremely low risk of relapse (93% disease-
free survival after three years without adjuvant therapy) (9). For
these patients, chemotherapy is not usually indicated.
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The purpose of the present study was to assess the impact
of using the UPA/PAI-1 content for assessing NO breast
carcinomas in daily clinical practice. This study was
conducted by a monocentric French team. We describe the
decision-making process of a multi-disciplinary board that
determined whether adjuvant chemotherapy was indicated
based on UPA/PAI-1 levels and CP factors. The CP factors
had been defined by national recommendations and
recommendations from the St. Gallen International
Consensus 2011 (10, 11).

Materials and Methods

Study design. This prospective study was performed between
January 2010 and December 2011 at the Limoges University
Hospital, France.

Population. We enrolled patients with invasive NO breast cancer that
were newly diagnosed, had undergone surgery, and had known
UPA/PAI-1 tumor expression. We excluded patients with tumors that
had macroscopic or microscopic lymph node involvement, who had
been treated with neoadjuvant chemotherapy, or had exhibited
isolated cells in the sentinel node (pNOi+).

A total of 285 NO breast carcinomas were surgically removed
during the study time period. During that period, it was possible to
freeze 163 invasive breast cancer tumors. Therefore, we determined
UPA/PAI-1 content in tumors from 160 patients; out of these, two
patients had synchronous bilateral breast cancer and one was a man.

Methods. In all cases, a minimum, 10-day interval was routinely
observed between the breast biopsy (diagnosis) and the surgical
treatment to prevent false-positive results secondary to the tissue
repair process. The tissues were transported within 60 min of surgical
excision to the Pathology Department. The tissues were histologically
examined, then frozen in liquid nitrogen, and transferred to the
Biological Oncology Transfer Laboratory at Marseille, France. The
assays were conducted with Food and Drug Administration-approved
and labeled Enzyme Linked ImmunoSorbent Assay (ELISA)
technique, using the FEMTELLE® kit (American Diagnostica
Laboratories, Stamford, CT, USA) (12).

The validated thresholds were adopted from the German group
(Arbeitsgemeinschaft Gynikologische Onkologie) (12, 13), which
specified that UPA greater than 3 ng/mg cytosolic protein or PAI-
1 greater than 14 ng/mg cytosolic protein indicated a high risk of
relapse.

The results were acquired within 10 and 15 days from biopsy.

Main objective. This study aimed to explain the multidisciplinary
board’s decisions on chemotherapy indications based on a
combination of data from St. Gallen recommended CP factors and
UPA/PAI-1 levels. The St. Gallen severity criteria were based on the
following risk factors: age <35 years, tumor grade II (tumor size
over 2 cm), grade III tumor, a high Ki67 value, absence of hormone
receptors, overexpression of HER2, and vascular emboli. Overall,
the presence of one of these factors was considered a sufficient
criterion to indicate the need for adjuvant chemotherapy. An
unfavorable UPA/PAI-1 level was defined as an elevation of at least
one of the two markers above the pre-set thresholds.
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Table 1. Tumor characteristics of 163 patients with NO breast cancer.

Patients with low UPA  Patients with high UPA
and low PAI-1 (n=64) and/or high PAI-1 (n=99)

T stage

Tla 2 1

T1b 15 12

Tlc 24 57

T2 20 29

T3/T4 3 0
Grade

1 16 20

2 39 57

3 9 22
Ki67 LI

<15% 50 69

16-30% 9 18

>30% 5 12
HER?2 status

- 63 94

+++ and/or FISH+ 1 5
LVI

+ 0 14

- 64 85
ER and PR — 4 12
ER and/or PR + 60 87

Ki67: Antigen Ki-67; ER: estrogen receptor; PR: progesterone receptor;
HER?2: human epidermal growth factor receptor-2; FISH: fluorescence in
situ hibridization; LVI: lymphovascular invasion; UPA: urokinase-type
plasminogen activator; PAI1: plasminogen activator inhibitor-1.

Results

In total, 160 patients were included, with a median age of 61.4
(range=36-88) years. From these patients, 163 tumors were
excised and frozen. Two patients had bilateral tumors, and 13
patients had multi-focal tumors.

The tumor characteristics, including CP and UPA/PAI-1
parameters, are reported in Table I. Sixty-four tumors presented
low UPA/PAI-1 levels and 99 presented high UPA/PAI-1 levels.

The two patients with bilateral tumors had both tumors
removed. Assays for UPA/PAI-1 factors were performed on
both tumors in each case, and both tumors had similar
characteristics.

Table II shows a comparison of adjuvant chemotherapy
indications according to CP and UPA/PAI-1 parameters. In 72
cases, adjuvant chemotherapy was indicated based on the
presence of at least one CP prognostic factor. Out of these 72
cases, UPA/PAI-1 was unfavorable in 48 and favorable in 24.
Based on the UPA/PAI-1 results, adjuvant chemotherapy was
avoided in 12 cases. However, in 12 other cases with favorable
UPA/PAI-1 results, the multi-disciplinary board maintained the
initial decision to administer adjuvant chemotherapy. The latter
12 patients (under 74 years old) had tumors with the following
characteristics: Scarff Bloom and Richardson (SBR) grade III
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Table II. Comparison of adjuvant chemotherapy (CT) indications according to classical clinical parameters (top row) and urokinase-type plasminogen
activator (UPA) + plasminogen activator inhibitor-1 (PAI-1) levels (middle row). Final decisions (bottom row) were based on consideration of both
sets of data. Double-lined boxes show the number of times that the initial decision (top row) was reversed based on the UPA/PAI-1 data (middle row).

CT indication, based
on classical prognostic

parameters
N=72
High Low
UPA or PAI-1 UPA and PAI-1

N=48 N=24

\ 4

CT CT maintained CT

N=48 N=12 avoided

N=12

(8 cases) or SBR grade II (4 cases) with 30% Ki67 (1 case),
tumor size of 5 cm (1 case), negative hormone receptor (1
case), or positive HER2 (1 case).

In 91 cases, CP prognostic factors were favorable. Among
these, 40 cases had low UPA/PAI-1 levels, which supported the
decision of no chemotherapy, but 51 cases had high UPA/PAI-
1 levels. This prompted a discussion in the multi-disciplinary
board, and adjuvant chemotherapy was recommended for 30
out of the 51 cases. In the other 21 cases, the board did not
consider the UPA/PAI-1 results sufficiently compelling to
override the CP findings. These 21 cases (Table III) concerned
Estrogen Receptors (ER)+++ tumors, without emboli, and
HER2-negative; 10 tumors were SBR grade I, and 11 cases
were SBR grade II. Moreover, in three cases, the unfavorable
UPA/PAI-1 result reflected only a slightly high level of UPA.
Table IV shows the median values of UPA/PAI-1 of the
different tumors.

Discussion

We showed that evaluating the UPA/PAI-1 content in primary
breast tumor tissue was feasible, and could be implemented as
a routine procedure. However, the ELISA assay technique was
limited by the fact that it required a minimum of 50 mg of
frozen tissue. Thus, in our routine practice, the test was
performed on only 57% of tumors. In the present study, low
UPA/PAI-1 levels were observed in 64 cases (39.7%). Our

No CT indication,
based on classical
prognostic parameters

N=91

g e

High Low
UPA or PAI-1

UPA and PAI-1

N=51 N=40

CT No CT No CT

indicated maintained N=40

N=21

N=30

results were very close to those from the population of patients
in the NO chemotherapy trial (9); 43% of those patients had
low UPA/PAI-1 levels. The clinical conclusion from the NO
chemotherapy data was that at least 44% of patients with NO
status could potentially be spared adjuvant chemotherapy (9,
13-16). An updated report after a 10-year follow-up validated
the independent prognostic value of the tumor grade and the
UPA/PAI-1 level (17).

In the present study, our board decisions considered the
UPA/PAI-1 data, but this did not consistently result in a
decrease of adjuvant chemotherapy counter to the indication
from CP markers. Among our population, 55% were
considered as being of low risk based on CP markers and 44%
based on UPA/PAI-1 markers; but only 32% were spared
adjuvant chemotherapy. Disagreements between CP and
UPA/PAI-1 indications corresponded to a positive HER?2 status,
triple-negative tumors, and grade III tumors. Thus, the board
based their final decisions on the true value of UPA/PAI-1, not
simply on the threshold values. In our study, increases in both
factors were observed in 43 cases and increases in one of the
factors were observed in 56 cases (43 for PAI-1 and 13 for
UPA). Many abnormal UPA/PAI-1 values were close to the
threshold level, which led to a difficult interpretation. The
median PAI-1 value was high (21.42 ng/mg) and far from the
threshold, but the median UPA value was close to the threshold
(4.69 ng/mg). Based on the UPA/PAI-1 values, we decided that
adjuvant chemotherapy was indicated for 10 patients with
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Table III. Details of cases where the initial decision for adjuvant
chemotherapy (CT) was upheld, despite urokinase-type plasminogen
activator (UPA) / plasminogen activator inhibitor-1 (PAI-1) indications.

Table IV. Urokinase-type plasminogen activator (UPA) / plasminogen
activator inhibitor-1 (PAI-1) levels in tumors assessed as having high
values (n=99).

UPA/PAI-1 No. of CT Cases where CT decision UPA/PAI-1 levels? Number Tumor protein levels that
levels tumors  decisions based on classical of were above threshold.
(n=163) (n) parameters was upheld tumors  Median (range) (ng/mg protein)
Low UPA and PAI-1 64 52 no CT 12 Cases: Low UPA, high PAI-1 43 PAI-1=21.42 (14.36-98.78)
12 CT 8 Grade III High UPA, low PAI-1 13 UPA=4.69 (3.03-7.32)
4 Grade II: High UPA, high PAI-1 43 UPA=4.64 (3.06-10.77)
1 ER-/PR- PAI-1=24.32 (14.05-167.59)
1 HER2+++
2 Tumor size AThresholds for high classification were: UPA >3 ng/mg cytosolic
3.8 cmand 5 cm protein, PAI-1 >14 ng/mg cytosolic protein.
High UPA and PAI-1 43 39 CT 4 Cases:
4 no CT Tlc, ER+++/
PR+++, Ki67 low
2 Grade I on the outcomes of survival and relapse for patients at low risk
2 Grade II . . .
3570 Years who did not receive adjuvant chemotherapy based on the
1 Man, 56 years selection criteria employed (25). The Node Negative Breast
Low UPA, high PAI-1 43 30 CT 13 Cases: Cancer III (NNBC-3) test initiated in Germany in 2003, and
1310 CT Menopausal status, later in Europe (closed to inclusions since 15/01/2009), was
no LVLER /PR +++  oopducted while taking this evidence into account. However,
7 Grade 1 . . . .
6 Grade II several stratification levels have been provided for evaluating
with low Ki67 patients according to the type of CP or clinico-biological risk
5>75 Years and risk status (low or high risk of relapse).
2 Tumor size <1 cm
1 Value slightly Conclusion
higher than normal
) (14.45 ng/ml) The primary aim of the present study was to highlight the
High UPA, low PAI-1 13 9CT 4 Cases: . L. . . R
difficulty that clinicians face in their efforts to decide on
4 no CT 1 Grade I

3 Grade II with low
UPA (between 3.2
and 3.78 ng/ml)

ER: Estrogen receptor; PR: progesterone receptor; HER2: human
epidermal growth factor receptor-2; LVI: lymphovascular invasion;
Ki67: antigen Ki-67.

isolated high UPA values; however, the standard CP factors
only indicated adjuvant chemotherapy for five of the patients.

Tissue UPA and PAI-1 levels are independent significant
factors that indicate a poor prognosis for patients with breast
cancer. The work of Duffy (18) and Janicke ef al. (19) showed
in multivariate analyses that PAI-1 was the most relevant factor
for indicating the risk of relapse and survival. Several more
recent studies have confirmed the prognostic value of PAI-1;
the highest PAI-1 values were related to the shortest survival
times (20-24). Therefore, it remains very difficult to determine
the roles and weights of these parameters in the decision-
making process.

Regardless of whether a sufficient amount of published
evidence exists on the superiority of UPA/PAI-1 factors
compared to CP criteria (2), at present, there is a lack of data
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whether to recommend adjuvant chemotherapy and to evaluate
the reliability of new validated prognostic markers that are not
used in standard practice in France. The multiple clinical
situations that may be encountered generally extend beyond the
context of published studies. Results from the NNBC-3 study
will be used to confirm the usefulness of these biological
markers; this information may improve the integration of these
new markers into routine treatment procedures for SBR grade
II, HER2-negative, NO breast cancer. Above all, the new data
will indicate the level of importance (weighting) of these
biomarkers in adjuvant chemotherapy decision-making.
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