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Introduction

Urokinase-type plasminogen activator (uPA) and its inhibitor plas-
minogen activator inhibitor-1 (PAI-1) are key factors in tumour in-
vasion and metastasis. Increased levels of uPA and/or PAI-1 in pri-
mary tumour tissues correlate with tumour aggressiveness and poor
patient outcome [1, 2]. In primary breast cancer, Duffy et al. [3] in
1988 were the first to show that high enzymatic activity of uPA in pri-
mary breast cancer tissues was correlated with advanced tumour
stage and poor clinical outcome. In 1989, Jinicke et al. [4] demon-
strated that high uPA antigen levels in primary tumour tissue mea-
sured by enzyme-linked immunosorbent assay (ELISA) also predict-
ed poor prognosis. At the same time, it also became apparent that
not only antigen levels of uPA but also those of PAI-1 are of prog-
nostic importance in node-negative and node-positive breast cancer
patients [4, 5]. Subsequently, many international, mostly European,
researchers validated that primary breast cancer patients, and in par-
ticular node-negative patients with high tumour tissue antigen con-
tent of uPA and/or PAI-1, have a worse probability of disease-free
survival (DFS) and overall survival (OS) than patients with low lev-
els of either or both biomarkers [6-9]. For clinical utility, the combi-
nation of uPA/PAI-1 (both low versus either or both high) is superior
to either factor taken alone regarding risk group assessment [10].
uPA and PAI-1 render prognostic information independent of estab-
lished prognostic factors such as tumour size, tumour grade, steroid
hormone receptor status, menopausal status [10] and even HER2
status [11-13].

Next to their prognostic impact, uPA/PAI-1 also provide predictive
information in early breast cancer. Patients with high uPA/PAI-1 have
an enhanced benefit from adjuvant chemotherapy compared to those
with low levels. Regarding adjuvant endocrine therapy, no such inter-
action between benefit and uPA/PAI-1 levels could be found [14].

A large meta-analysis conducted by the European Organisation for
Research and Treatment of Cancer (EORTC) Receptor and Bio-
marker Group, comprising 8377 breast cancer patients from 18 inde-
pendent collectives, validated the prognostic [15] and predictive im-
pact of uPA/PAI-1 [16], thus achieving the highest level of evidence

(LOE-I) for clinical utility of a cancer-associated biomarker, accord-
ing to the American Society of Clinical Oncology (ASCO) tumour
marker utility grading system (TMUGS) [17].

Chemo NO Trial

The Chemo NO trial is a prospective randomised multicentre breast
cancer therapy trial in which 689 node-negative primary breast cancer
patients were enrolled in 14 study centres in Germany and Slovenia
between 1993 and 1998 [18]. Principal investigator was Prof. Dr. Fritz
Janicke, formerly at the Technical University of Munich, who is now at
the University of Hamburg. In this trial (fig. 1), uPA and PAI-1 antigen
levels were determined in primary tumour tissue extracts by commer-
cially available ELISA kits (American Diagnostica Inc., Stamford, CT,
USA) and used for patient stratification: Patients with low uPA and
PAI-1 levels were only observed; patients with high uPA and/or PAI-1
were randomised to either adjuvant chemotherapy with 6 cycles of cy-
clophosphamide/methotrexate/5-fluorouracil (CMF) or observation
only. The prognostic impact of uPA/PAI-1 was then evaluated prospec-
tively by comparing the two observation arms (low versus high
uPA/PAI-1), whereas comparison of the two randomised arms allowed
prospective evaluation of the predictive benefit of uPA/PAI-1 regard-
ing benefit of adjuvant chemotherapy (fig. 1).

The first scheduled interim analysis of the Chemo NO trial after a me-
dian follow-up time of 32 months (n = 556) validated prospectively
the statistically independent prognostic impact of uPA/PAI-1 regard-
ing DFS [18]. In addition, previously optimised cut-off values for uPA
and PAI-1 to discriminate between low and high uPA/PAI-1 were
confirmed. The second analysis after a median follow-up time of 50
months comprising 647 patients substantiated the prognostic impact
of uPA/PAI-1 regarding DFS as well as OS. Of the 647 patients, 283
had low uPA/PAI-1 and 364 had high uPA and/or PAI-1. The actuari-
al 3-year recurrence rate for patients with low uPA/PAI-1 was 6.3%,
but was 14.2% (p = 0.009) for those with high uPA/PAI-1 in the ob-
servation group. Thus, this second interim analysis revealed that
node-negative breast cancer patients with low uPA/PAI-1 have an es-
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Fig. 1. Chemo NO trial: Study design [18]. Node-negative breast cancer
patients were stratified according to the uPA/PAI-1 levels in their primary
tumour tissue: Patients with low levels were just observed; those with high
levels were randomised for CMF chemotherapy or observation only.

timated 5-year OS rate of ~95% even in the absence of any adjuvant
systemic therapy and can thus be considered as low-risk [19].

In the Chemo NO trial, node-negative patients with high uPA/PAI-1
were either randomised to CMF-based chemotherapy or to observa-
tion only, thereby evaluating the clinical benefit of a therapeutic in-
tervention in high-uPA/PAI-1 patients. Even after a short follow-up
period of 32 months, a considerable benefit from adjuvant CMF
chemotherapy was observed in high-uPA/PAI-1 node-negative breast
cancer patients [18]. This therapy benefit was still valid after a longer
median follow-up time of 50 months [19]. High-risk patients in the
chemotherapy group had a 36.9% lower estimated probability of dis-
ease recurrence than high-risk patients in the observation group (in-
tention-to-treat analysis relative risk (RR) 0.63; 95% confidence in-
terval (CI) 0.33-1.20; p = 0.16). In a per-protocol analysis, the treat-
ment benefit reached statistical significance (RR 0.42; 95% CI
0.20-0.87; p = 0.019) for DFS and persisted with regard to OS. The
prospective randomised multicentre clinical Chemo NO trial therefore
not only validated the prognostic value of uPA/PAI-1 in node-nega-
tive breast cancer patients, but also demonstrated their predictive im-
pact at the highest level of evidence, LOE-I.

The final 10-year follow-up of the Chemo NO trial is currently being
finalised. Based on the long-term observation within the trial, a first
comparison between actual 10-year patient outcome and Adjuvant
Online 10-year survival estimates (www.adjuvantonline.com) was
possible. Preliminary results indicate that uPA/PAI-1 testing may en-
hance outcome estimates by the epidemiological data-driven web-
based algorithm Adjuvant Online [20]. Whereas for the whole Chemo
NO patient collective, Adjuvant Online 10-year survival estimates
seem rather accurate, Adjuvant Online tends to overestimate risk
in those patients considered as low-risk according to uPA/PAI-1 and
to underestimate risk in those patients classified as high-risk by
uPA/PAI-1.

In conclusion, the Chemo NO breast cancer trial was able to answer a
number of clinical questions but left others still open. Determination
of uPA and PAI-1 in primary tumour tissue extracts was possible in a
multicentre setting (n = 6 participating laboratories) for clinical deci-
sion-making. Node-negative breast cancer patients with low uPA and
PAI-1, which account for about half of the node-negative breast can-
cer patients, have a rather low risk of disease recurrence and can
therefore be spared the burden of adjuvant systemic chemotherapy.
However, optimal chemotherapy for high-risk patients according to
their high uPA and/or PAI-1 levels, who are at risk to develop metas-
tasis, still needs to be determined.

12 Breast Care 2008;3(suppl 2):11-15

NNBC3-recruitment at 01.07.2008 (N=3136)

4000

W 200 U3 1. e pl 2N O |

3500

3000 == | § ]| Total
2500 4| Patients 2861 | 275 | 3136

Sites 144 | 14| 158
209 7 Active Sites 125 9| 134

1500

1000

/

500

o |
Dec. May. Oct. Mar. Aug. Jan.

Jun. Nov. Apr. Sep. Feb. Jul. Dec. May Oct. Mar
02 03 03 04 04 05 05 05 06 06 07 07 07 08 08 09

Fig. 2. Current NNBC-3 Europe recruitment status. On July 1,2008, 3136
patients had been recruited by 134 clinical centres in Germany and France.

NNBC-3 Europe Trial

Following the results of the Chemo NO trial, a second prospective
multicentre phase III therapy trial, the Node-Negative Breast Cancer-
3 (NNBC-3) Europe trial, was launched in 2003 and it is still open for
patient recruitment. Principal investigators are Prof. Dr. Christoph
Thomssen (‘Leiter der Klinischen Priifung’ according to German
law), University of Halle, and Prof. Dr. Nadia Harbeck, Technical
University of Munich, Germany.

The NNBC-3 Europe trial has two primary objectives: (1) to compare
risk assessment and clinical outcome based on the tumour-biological
factors uPA/PAI-1 to those based on established, clinical and patho-
morphological factors and (2) to optimise adjuvant chemotherapy for
high-risk node-negative breast cancer patients. The NNBC-3 Europe
trial is an Intergroup effort conducted in co-operation with the
German ‘Arbeitsgemeinschaft Gynikologische Onkologie’ (AGO),
the EORTC PathoBiology Group, and the German Breast Group.
At present (July 2008), recruitment is at 3136 patients coming from
134 clinical centres in Germany and France (fig. 2). Main eligibility
criteria include node-negative primary breast cancer, age 18-70 years,
and a tumour size between 0.5 and 5 cm. Centres are asked to select
their preferred way of risk group assessment criteria (established
clinico-pathological criteria or using uPA/PAI-1 levels in primary
tumour tissue extracts) upfront for the duration of the trial (fig. 3).
Those centres opting for risk assessment by established factors use
an algorithm based on the St. Gallen 2005 consensus meeting recom-
mendations [21]. Using these criteria, a node-negative breast cancer
patient fulfilling any of the following criteria is considered as high-
risk regarding disease recurrence: (1) age < 35 years, peritumoural
vascular invasion, tumour grade 3, progesterone receptor (PgR)-/
estrogen receptor (ER)+ or PeR—/ER-, or HER?2 positive, or (2) tu-
mour grade G2 and tumour size > 2 cm. The second risk assessment
option applies the levels of the invasion markers uPA and PAI-1 as
determined in primary tumour tissue extracts and uses the same
cut-off values as had been used in the Chemo NO protocol: 3 ng/mg
protein for uPA and 14 ng/mg protein for PAI-1 [18].

For all patients, tumour grade and age are decisive for risk assessment
(fig. 3), with all patients younger than 35 years of age and those with
G3 tumours considered as high-risk and thus randomised for the
chemotherapy option. Patients with G1 tumours are considered as
low-risk and allocated to the observation arm. For patients with G2
tumours, further risk stratification according to the St. Gallen-based
algorithm as outlined above or according to uPA/PAI-1 criteria is per-
formed. Patients with low uPA/PAI-1 are considered as low-risk and
thus allocated to the observation arm. Patients with high uPA and/or
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PAI-1 are considered as high-risk and thus randomised to one of the
two chemotherapy regimens.

In the NNBC-3 Europe trial, all patients defined as being at high risk
for disease recurrence are randomised to either 6 cycles of 5-fluo-
rouracil/epirubicine/cyclophosphamide (FE10C) 3-weekly or to 3 cy-
cles of FE190C followed by 3 cycles of docetaxel 3-weekly, as used in
the PACS 001 trial [22]. All patients in the high-risk and in the low-
risk group, provided that their tumours are steroid hormone receptor
positive, receive endocrine therapy according to the current AGO
guidelines [23]. According to these guidelines [23], radiation therapy
is also permitted. For HER2-positive patients, 1 year of adjuvant
trastuzumab therapy is recommended.

Regarding risk-grouping, so far 2038 patients have been assessed
using tumour-biological criteria and 38% of these patients have been
considered as low-risk and 62% as high-risk (fig. 4A). Of the 1111 pa-
tients assessed for their relapse risk using clinico-pathological criteria,
31% have been considered as low-risk and 69% as high-risk (fig. 4B).
With the group of G2 tumours, using uPA/PAI-1 42% of the patients
have been considered as low-risk, and 43% using clinico-pathological
criteria (fig. 5). These low-risk patients have then been spared adju-
vant chemotherapy within the trial setting.

In summary, the overall goals of the NNBC-3 Europe trial are to com-
pare both risk stratification methods — the clinico-pathological and
the tumour-biological one — and to determine the benefit of a sequen-
tial anthracycline-docetaxel regimen in high-risk node-negative
breast cancer. Patient recruitment has been rapid after initial delays
(most likely due to establishment of logistics for uPA/PAI-1 determi-
nation, e.g. tumour tissue freezing, transport, time lines for result re-
porting etc. within the centres) so that the NNBC-3 Europe trial is
expected to complete recruitment in early 2009.

Quality Assurance of the uPA/PAI-1 Test within the Chemo NO
and NNBC-3 Europe Trials

High levels of antigen uPA and/or PAI-1 in cytosolic extracts of
human primary breast cancer tissue have been associated with rapid
disease progression and shorter OS [19]. The conclusions are drawn
from results obtained from different types of uPA and PAI-1 ELISAs,
employing different antibodies and different standards. Notwith-
standing the differences in analytical features, the prognostic impact
of uPA and PAI-1 in primary breast cancer has been substantiated at
the highest level of evidence as outlined above. In the present
prospective multicentre clinical trial (NNBC-3 Europe), 134 centres
are participating, whereas assessment of uPA and PAI-1 concen-
trations in tissue extracts is performed in a limited number of
core laboratories all using the same commercially available assay
(FEMTELLE® kit; American Diagnostica, Stamford, CT, USA).

Prospective Biomarker Trials Chemo NO
and NNBC-3 Europe Validate the Clinical
Utility of Invasion Markers uPA and PAI-1
in Node-Negative Breast Cancer

Once a week, the collected frozen tissues are sent overnight from the
participating hospital to one of the core laboratories. All these labo-
ratories use standardised protocols for the preparation of cytosolic
extracts and for the measurement of uPA, PAI-1, and total protein.
Moreover, their participation in an external quality assurance (EQA)
programme developed by the central quality assurance (QA) labora-
tory (Dept. of Chemical Endocrinology, Radboud University Ni-
jmegen Medical Centre) is mandatory.

Before starting measurements within the NNBC-3 Europe trial, the
performance of all laboratories was carefully screened in a pilot test
study which included monitoring of within-laboratory, within-run and
within-laboratory between-run variations using lyophilised cytosolic
materials provided by the central EQA laboratory. Each participant
received 9 samples for uPA and PAI-1 (3 sets of 3 vials which were
supposed to be analysed in 3 separate assay runs with at least 2-week
intervals using the FEMTELLE kit). Also included were 30 quality
control (QC) samples for the measurement of total protein of the tis-
sue extract using the Pierce BCA™ protein assay kit. Each set of
vials within a run contains the same samples, although the sequence
differs from run to run. This enables the EQA laboratory to calculate
between-run and between-laboratory coefficients of variation (CVs).
All laboratories have to achieve within-laboratory within-run and
within-laboratory between-run CVs of less than 10 and 15%, respec-
tively. Only then will the central EQA laboratory and the NNBC-3
Europe study coordinator (Prof. Dr. Christoph Thomssen) give the
participating laboratory a green light to start with uPA, PAI-1 and
total protein measurements for other institutes within this clinical
trial. During the entire study period, participants include in each of
their uPA and PAI-1 assay runs a lyophilised external reference vial
prepared from xenograft tissue (recovered from nude mice implanted
with the breast cancer cell line MDA-MB-231 [24]) and an internal
control in order to monitor within-lab between-run variations. The
reference preparation is checked with regard to homogeneity, storage
stability, and parallelism before it is used in the EQA trials. The target
values of uPA and PAI-1 were established during long-term measure-
ments using the FEMTELLE kit in 5 different institutes. Monitoring
these target values enables checking for analytical drift and shift in
absolute analyte values during measurements over time.

Every 2 months (i.e. 6 times a year), a set of 3 EQA samples are
analysed for uPA and PAI-1 in one assay run, as well as 3 samples for
protein determination. The composition of the sets differs from set to
set. The use of identical vials in one set, different dilutions in one set
and/or identical vials over the sets enables the EQA laboratory to
monitor long-term performance and within- and between-assay CV
(altogether 5 different concentrations for uPA and PAI-1 and 9 for the
total protein determination). Each year, all QA data are presented and
discussed at the NNBC-3 Europe investigators meeting by a staff
member of the Nijmegen laboratory. This central EQA laboratory an-

Breast Care 2008;3(suppl 2):11-15 13



A B

Risk Assessment (Biological, n=2,038) Risk Assessment (Clin-Patho, n=1,111)

HIGH  HIGH (62 Rule) M LOW B LOW (62 Rule)

HiIGH B Lo

Fig. 4. NNBC-3 Europe trial — actual risk assessment: Using tumour-
biological criteria, 2038 patients were assessed and 38% of these patients
were considered as low-risk and 62% as high-risk (A). Using clinico-
pathological criteria, 1111 patients were assessed and 31% were conside-
red as low-risk and 69% as high-risk (B).

nually provides each laboratory with a report on their intra-laboratory
and inter-laboratory CVs, together with a note of the overall between-
laboratory CVs of all participants. If a particular laboratory displays a
substantial shift in analytical performance, the central EQA laboratory
contacts this laboratory and the whole process within the laboratory is
scrutinised in order to detect the potential source of error.

Up to now, the within-laboratory within-assay CVs for uPA are ap-
proximately 4%, and 5% for PAI-1. Obviously, the within-laboratory
between-assay CVs are higher. During the first QA round, most labo-
ratories had CVs below 15% but some had CVs higher than 25%. In
the second year, all laboratories scored acceptable within-lab between-
run CVs for uPA and PAI-1 below 13%. As far as the protein assay is
concerned, the within-lab within-assay, the within-lab between-assay,
and the between-lab CVs amount to 5,7 and 14%, respectively.

In summary, a total of 10 laboratories participated in the pilot test
study for the NNBC-3 Europe study; they received standardised pro-
tocols for the uPA, PAI-1, and protein assays, as well as lyophilised ex-
ternal quality control (EQC) samples. For 7 out of 10 laboratories,
there was no reason to question their analytical expertise, whereas in
3 laboratories the performance did not meet the strict criteria set be-
forehand and these laboratories received a new set of samples and
new instructions. After re-analyses, these laboratories also met the
criteria. All participating laboratories are able to measure uPA and
PAI-1 with an acceptable precision. However, the within-laboratory
between-run and consequently the between-lab CVs are less repro-
ducible; in particular during the first year the PAI-1 data were moder-
ate. The uPA and PAI-1 assay results during the second year are
much more consistent than those of the first trial year.
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Fig. 5. NNBC-3 Europe trial — actual risk assessment for patients with
G2 tumours. In the group of patients with G2 tumours, using uPA/PAI-1,
42% of the patients were considered as low-risk (A), and 43% using
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To monitor within-laboratory between-assay CVs, and between-labo-
ratory CVs, use of control preparations is of utmost importance.
Clearly, a strict uniform way of sample processing and handling with-
in the laboratories is essential for overall quality of assay results. Par-
ticipation in an EQA program is a prerequisite in multicentre studies
[25].

Conclusions

The invasion markers uPA and PAI-1 have been validated at the
highest level of evidence regarding their prognostic and predictive
impact in primary breast cancer. The Chemo NO trial as well as the
ongoing NNBC-3 Europe trial clearly demonstrate the feasibility of
uPA/PAI-1 testing under clinical routine in a multicentre setting with
good quality assurance. Comparison of clinical and tumour-biological
data from NNBC-3 Europe with the other two international trials in
node-negative breast cancer (MINDACT and TailorX) would be
ideal in order to achieve optimal risk group stratification in node-neg-
ative (and possibly node-positive) breast cancer.

Given the validated clinical relevance of uPA/PAI-1 and the stan-
dardised ELISA assay system suitable for multicentre testing, the
German Working Group for Gynaecological Oncology (AGO) guide-
lines [23] as well as the ASCO guidelines [26] recommend both bio-
markers for risk group classification and routine clinical decision-
making in node-negative breast cancer, next to established clinico-
pathological factors.
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