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Zusammenfassung
Beim nodal-negativen Mammakarzinom wird die Indikation
zur adjuvanten Therapie immer noch anhand der traditio-
nellen Prognosefaktoren Alter, Tumorgröße, Differenzie-
rungsgrad und Hormonrezeptorstatus gestellt. Eine Reihe
neuer Faktoren, die die Art des Tumors vielleicht besser be-
schreiben würden, wie Proliferationsrate (bestimmt als Thy-
midin-Labeling Index, S-Phase-Fraktion, Mitose-Index oder
Ki-67), Nachweis disseminierter Tumorzellen, Expression
der Invasionsfaktoren uPA (Plasminogenaktivator vom Uro-
kinase-Typ) und seines Inhibitors PAI-1, Expression des Zell-
zyklusproteins Cyclin E und die Beschreibung von Gen-
expressionsmustern («genomic profiling»), werden als zu-
künftige Methoden der Risikoabschätzung und auch als prä-
diktive Faktoren für den Therapieerfolg diskutiert. Die
Empfehlungen, neue Faktoren in der Routine einzusetzen,
sollten durch ausreichende «Evidenz» abgesichert sein und
den Einfluss auf die klinische Therapieentscheidungen be-
rücksichtigen. Unter den zuvor genannten Faktoren haben
nur die Invasionsfaktoren uPA und PAI-1 das höchste Evi-
denzniveau erreicht. Nur diese sind damit reif genug, um in
die klinische Routine überführt zu werden. Ihre prognosti-
sche Bedeutung ist in mehreren unabhängigen retrospekti-
ven und prospektiven Studien gezeigt worden und in einer
Metaanalyse an fast 3500 Patientinnen bestätigt worden. Die
Bedeutung für die Therapieentscheidung ist in einer pro-
spektiven multizentrischen Studie gezeigt worden. Zusätz-
lich konnte kürzlich in einer weiteren Untersuchung die prä-
diktive Bedeutung für den Erfolg einer adjuvanten Chemo-
therapie abgeschätzt werden. Zusammenfassend würden
wir daher empfehlen, uPA und PAI-1 zusammen mit Diffe-
renzierungsgrad und Alter als Entscheidungshilfe mit her-
anzuziehen, um das individuelle Risiko bestmöglich abzu-
schätzen und eine adäquate adjuvante Therapie festzulegen.
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Summary
In node-negative breast cancer, advices for adjuvant therapy
are based on traditional factors like age, tumour size, grade
of differentiation, and steroid hormone receptor status. Sev-
eral new factors that may better describe tumour behaviour,
like proliferation rate (determined by thymidine labelling
index, S-phase fraction, mitotic index, or Ki-67), presence of
disseminated tumour cells, as well as expression of inva-
sion factors (urokinase-type plasminogen activator uPA and
its inhibitor PAI-1) and of cell cycle genes (cyclin E), as well
as gene expression patterns (‘genomic profiling’) are cur-
rently discussed as future methods of risk assessment and
also as tools for prediction of response to specific therapy
modalities. Recommendations for routine use should be
based on criteria of evidence-based medicine and on their
impact on clinical decision making. Among the aforemen-
tioned factors, only the invasion factors uPA and PAI-1 have
reached the highest levels of evidence and are mature
enough to be transferred into clinical routine: their prognos-
tic impact has been shown in several retrospective and
prospective studies and in a pooled analysis of almost 3,500
node-negative patients. Their clinical impact was demon-
strated in a prospective therapy trial. In addition, a predic-
tive value with regard to chemotherapy efficacy has recently
been supposed. Thus, in order to correctly assess the indi-
vidual risk and to design an adequate adjuvant treatment
plan for node-negative breast cancer patients, we recom-
mend to use uPA and PAI-1 as additional criteria together
with grading and age. 
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Introduction

Adjuvant therapy in breast cancer can reduce the mortality
rate by 50% [1], but adjuvant therapy may also produce sub-
stantial toxicity. Thus, in order to individualize therapy strate-
gies, prognostic and predictive factors are required. To date,
more than 100 factors with a potential prognostic impact on
survival or predictive impact on therapy response have been
discussed. However, only for a few factors consistent evidence
and clinical relevance have been demonstrated, such that clin-
ical recommendations can be derived. 
On the panel at the St. Gallen Early Breast Cancer Confer-
ence 2003 several factors were discussed: patient characteris-
tics (age, menopausal status, race), tumour characteristics
(size, nodal status, grade of differentiation) and biomarkers
(ER/PgR, HER-2/neu, uPA/PAI-1, and others). Several ques-
tions were raised, e.g. about the significance of micrometas-
tases, the value of tumour size in node-negative breast cancer
and the impact of the expression levels of steroid hormone re-
ceptors. However, for none of the new factors a final conclu-
sion was drawn. Validation according to principles of evi-
dence-based medicine was not attempted (table 1) [2]. 
With regard to the new biological factor HER-2/neu, but also
the steroid hormone receptor, the surprisingly high number of
false positives and false negatives was noted and quality con-
trol of laboratory tests was demanded. In addition, HER-
2/neu was considered rather as predictive factor for therapy
response than as prognostic factor. The invasion markers uPA
and PAI-1 were acknowledged as validated markers that
might give useful information for some patients. It was stated
that long term 10-year survival data from prospective trials are
still missing and that the old data of the pooled analysis can-
not be extrapolated for current guidelines [3].

Validation of New Prognostic Factors 
New prognostic factors should be validated with regard to cur-
rent criteria for development of prognostic factors, the criteria
of evidence based medicine (tumour marker utility grading
system, TMUGS; Oxford Levels of Evidence), and the clinical
relevance [4–7]. Promising data exist for the following pro-
posed prognostic factors: disseminated tumour cells (‘mi-
crometastases’), proliferation rate determined by thymidine
labelling index (‘TLI’), the invasion markers urokinase-type
plasminogen activator (‘uPA’) and its inhibitor ‘PAI-1’, the
cell cycle protein ‘cyclin E’ and the gene profile as determined
by RNA-microarray methods (‘genomic profiling’).
For this overview, PUBMED was screened with regard to the
above-mentioned markers. In addition, results recently pub-
lished in abstracts were included in this overview.

Disseminated Tumour Cells

Disseminated cells detected in bone marrow or peripheral
blood may represent the very cells from which future metas-

tases could arise. However, the real fate of these cells remains
unclear. The presence of the majority of disseminated cells
may be a temporary phenomenon. Characterisation of the few
cells that survive and their potential to grow out to manifest
metastases is an important issue of current research. Data sug-
gest that markers of aggressive cell behaviour can be detected
on the disseminated cells (e.g. uPA-R, HER-2/neu, etc.)
[8–12].
Representative and reproducible detection of disseminated
tumour cells requires bone marrow aspirates from at least two
anatomical sites usually obtained at the time of primary tu-
mour excision. By cell enrichment and immunocytochemistry,
single epithelial cells or cell clusters can be detected in the
range of 1–25 epithelial cells per one million mononuclear
cells. Specimen evaluation is greatly facilitated using automat-
ed detection systems. However, clinical data cannot be easily
reproduced due to different enrichment methods, different an-
tibodies for immunocytochemistry, or different detection
methods used [12–13]. Methodological standardisation and
quality control still have to be established.
For more than 15 years, researchers have reported prospec-
tive single-centre studies that were designed to evaluate the
prognostic impact of disseminated tumour cells [8, 13–15]. 
The majority of these trials showed a significant prognostic
impact. Disseminated tumour cells are detected in about 30%
of all node-negative breast cancer patients. Presence or ab-
sence of disseminated tumour cells is associated with a sub-
stantial difference in risk of relapse (hazard ratio (HR): 6.1)
[11]. The therapeutic impact was tested in a trial that random-
ly assigned patients with disseminated cells in their bone mar-
row to adjuvant bisphosphonate treatment or observation
only [16]. A prospective trial on adjuvant chemotherapy has
completed patient recruitment, but no results have been pub-
lished so far [17]. Recently, a pooled analysis comprising more
than 3,448 patients and demonstrating prognostic impact has
been presented [18]. However, interpretation of the results of
this analysis is hampered by the fact that the underlying
methodology for detection of disseminated cells is not stan-
dardised.
In summary, detection of disseminated tumour cells has not
fulfilled all requirements for being acknowledged as a valid
prognostic marker (table 2). Single well-powered studies and
a recent metaanalysis suggest clinical utility of this marker
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Table 1. Risk assessment in node-negative breast cancer patients accor-
ding to the consensus of St. Gallen 2003 [2]

Factor Minimal risk ‘Average risk’ 

Tumour size ≤ 2 cm > 2 cm 
Steroid hormone receptor status positive negative 
Tumour grade 1 2 or 3 
Age, years  ≥ 35 < 35  



(TMUGS I +/–) (table 3). But it does not reach the highest
level of evidence (LoE) due to heterogeneous study results
(Oxford 1b– D). Nonetheless, detection of disseminated tu-
mour cells is considered to be one of the most important can-
didates to be generally used as prognostic marker. Next to its
prognostic value, detection of disseminated tumour cells may
be even more important as a monitoring tool during systemic
therapy or as a method for phenotyping residual tumour cells
as potential targets for subsequent therapies [12, 19]. Howev-
er, particularly lack of a standardised, quality controlled
methodology and heterogeneous full-paper publications
presently do not allow recommendation of this marker for
routine use.

Thymidine Labelling Index 

Proliferation rate can be determined by thymidine labelling
index (TLI), S-phase fraction, mitotic index, or Ki-67 (MIB 1)
immunohistochemistry. Thymidine labelling index describes
the rate of proliferation of an individual tumour. Highly pro-
liferating tumours may be more malignant and more aggres-
sive than those with a low proliferation rate [20–23]. The pro-
liferation rate is used as selection principle for cytotoxic
chemotherapy [24].
Determination of proliferation rate by TLI requires fresh tis-
sue that will be cultivated in the presence of radioisotope-la-
belled thymidine [25–26]. Quantification of thymidine uptake
is performed by evaluating an autoradiograph. Although the
results obtained by this method seem to be rather stable and
are subject to an organized quality control [27], the method
was not well accepted as it is time-consuming, labour-intense
and involves handling of radioactive isotopes. 
A well planned, large prospective study on 1,800 node-nega-
tive breast cancer patients demonstrated the prognostic im-
pact of TLI [26]. Patients with highly proliferating tumours
(TLI > 3%) had a significant worse prognosis than those with
slowly proliferating tumours (TLI  ≤ 3%; 8-year-relapse rate
43% vs. 30%, HR 1.9; p < 0.001). In this study, 38.2% of pa-
tients were assigned to the low risk group. In a number of fol-
low-up studies, these results have been validated [28–30]. In

two smaller studies the independent prognostic impact was
not confirmed [31–32]. In at least three prospective trials the
beneficial impact of chemotherapy in patients with highly pro-
liferating tumours was studied. In two trials, by adjuvant
chemotherapy a significant reduction of risk could be
achieved in tumours with high TLI: 83% 5-year recurrence
rate with CMF (cyclophosphamide, methotrexate, 5-fluo-
rouracil) versus 72% without CMF [33]; 78.4% 5-year recur-
rence rate with FEC (5-fluorouracil, epirubicin, cyclophos-
phamide) versus 67.8% without FEC [34]. It was also demon-
strated that adding doxorubicin to CMF is of significant bene-
fit in tumours with high proliferation rates [35]. Such valid
clinical data do not exist for other proliferation markers such
as S-phase fraction or Ki-67. The prognostic impact of S-phase
fraction was demonstrated in a large monocentre trial from
the San Antonio group [36], yet lack of methodological stan-
dardisation and clinical consequences have restricted this fac-
tor to the research setting.
In conclusion, TLI may cause a change of the treatment. Pa-
tients with low TLI may be spared adjuvant chemotherapy.
Patients with high TLI have an elevated risk of relapse despite
their negative axillary lymph node status and should receive
adjuvant anthracycline containing chemotherapy. TLI reaches
a high level of evidence (Oxford 1b B). The published data
are strong enough to use TLI in distinct clinical situations as a
decision criterion (TMUGS I ++) (table 3). However, neither
a prospective multicentre trial with regard to prognostic im-
pact of TLI nor a meta-analysis or systematic review have yet
been performed.

uPA/PAI-1

Proteolytic systems enable cancer cells to invade the extracel-
lular matrix and to form metastases at distant sites. One of
these proteolytic systems comprises the serine protease uroki-
nase-type plasminogen activator (uPA), its receptor (uPAR,
CD87), and its main inhibitor (PAI-1). In a variety of human
cancers, including breast cancer, uPA, uPA-R, and PAI-1 are
present at increased levels in malignant tissue [37–39]. High
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BM TLI uPA/PAI Cyclin E Genome 

Biological Model + + + + (+) 
Simple and robust method (–) (–) + (–) (+) 
Prospective evaluation in a pilot study + + + (+) (+) 
Validation in a second patient cohort + + + – + 
Prospective therapy trial – + + – – 
Metaanalysis (+) – + – – 
LoE 1b(–) 1b 1a 2b 2b 
Clinical relevance +/– + + – – 

BM = Disseminated tumour cells in bone marrow aspirates, uPA = urokinase-type plasminogen activator, PAI-1 = plasmino-
gen activator inhibitor 1, TLI = thymidine labelling index, Genome = genomic signature / profiling, LoE = Levels of eviden-
ce according to Oxford system. 

Table 2. Require-
ments in develop-
ment of prognostic
factors (modified
from [4, 5]) 



antigen levels of uPA and of PAI-1 in primary breast tumours
were associated with poor prognosis [40–41]. The initially sur-
prising finding of the relationship between a protease in-
hibitor and unfavourable prognosis was subsequently ex-
plained by the role of PAI-1 in tumour cell adhesion, cell mi-
gration, and angiogenesis [39, 42–43].
Tumour tissue concentrations of invasion markers uPA and
PAI-1 are measured using a commercially available ELISA
similar to the previously used steroid hormone receptor deter-
mination. For preparing tumour extracts, snap-frozen material
is pulverized and then suspended in buffer containing a non-
ionic detergent. After centrifugation, the solution can be used
for ELISA [41, 44]. High reproducibility with low coefficients
of variance was demonstrated in the prospective evaluation of
a quality assurance program [44]. The need for fresh tissue
was often stated to be the major obstacle to use these factors
more broadly. However, micromethods for quantification of
tumour tissue concentrations of these factors are currently in
development and validation. Thus, it can be expected that de-
termination of these factors even in very small amounts of tis-
sue e.g. in core needle biopsies or kryostat sections will pro-
vide valid results. 
In several retrospective and prospective studies the prognostic
value of uPA activity [40], uPA antigen content [41], and of
PAI-1 antigen content [41] was described. In multivariate
analyses, both markers had independent and strong impact on
disease-free survival and overall survival, particularly in node-
negative breast cancer patients [41]. Only weak correlations

with known markers were found [45]. More detailed statistical
analysis also showed variation of the prognostic significance
with the time of observation [46–47].
For uPA, 3 ng/mg protein, and for PAI-1, 14 ng/mg protein, re-
spectively, was determined as optimal cut-off value with the
highest likelihood of a significant difference with regard to
disease-free survival [48]. These cut-off levels were validated
after longer follow-up periods [45] as well as by the confirma-
tory therapy trial ‘Chemo-N0’ [49]. According to this cut-off,
55% of node-negative breast cancer patients were assigned to
the low-risk group (5-year risk of recurrence <5%), 45% were
identified to be at high risk of recurrence (>30% 5-year risk of
recurrence) [41].
In the prospective, multicentre confirmatory trial ‘Chemo-N0’
[49], 689 node-negative breast cancer patients were included.
Patients at high risk of relapse as identified by elevated uPA
and/or PAI-1 tumour levels were randomly assigned to either
adjuvant chemotherapy (6 courses CMF) or observation only;
all other patients (low uPA and PAI-1) were observed only.
The prognostic impact of uPA and PAI-1 was confirmed. Pa-
tients with low uPA and PAI-1 tumour levels had only 6.7%
recurrences after a short median follow-up of 32 months, com-
pared to 14.7% for patients with high levels of uPA and/or
PAI-1 (HR 2.83; p = 0.008). Tumour grading, the invasion
markers uPA and PAI-1 and age were the only independent
and strong prognostic factors. In addition, it was demonstrated
that in the high-risk group, adjuvant CMF treatment resulted
in a substantial reduction of risk of relapse by 42%.
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Table 3. Scoring of prognostic factors according to TMUGS and Oxford Levels of Evidence (LoE) [5–7]

TMUGS LoE Grades of  Oxford LoE Grade of recommendation  
recommendation

Micrometastasis (detection of I +/– 1b(–) D
disseminated tumour cells) (single high powered (data are suggestive (individual cohort study; (inconsistent or inconclusive 

prospective study for utility) validation in a single studies)
designed to test marker population) [(-) means 
utility) heterogeneous results] 

Thymidine labelling index  I ++ 1b B
(TLI) (single high powered (marker can be used in (individual cohort study; (extrapolations from level

prospective study selected situations validation in a single 1 studies)
designed to test marker only) population)
utility)

Urokinase-type plasminogen I ++ 1a A
activator (uPA) and its (single high powered (marker can be used in (systematic review of (consistent level 1 studies)
inhibitor PAI-1 prospective study selected situations cohort studies; 

designed to test marker only) validation in different
utility and meta-analysis) populations) 

Cyclin E III +/– 2b C
(by Western blot) (large retrospective (data are suggestive (retrospective (extrapolations from level 

studies) for utility) cohort study) 2 or 3 studies )

Genomic signature III
(genomic profiling) (large retrospective +/– 2b C

studies) (data are suggestive (retrospective (extrapolations from level
for utility) cohort study) 2 or 3 studies )  



The prognostic impact of uPA and PAI-1 was also evaluated
by a pooled analysis performed by the European Organiza-
tion for Research and Treatment of Cancer Receptor and
Biomarker Group (EORTC RBG) and comprising 18
prospective and retrospective monocentre studies in differ-
ent European countries with a total of 3,483 node-negative
breast cancer patients and a median follow-up of 79 months
[3]. A separate analysis was performed in patients who did
not receive systemic adjuvant therapy (n = 2,864). Table 4
shows the results of adding uPA and PAI-1 to the base model
for relapse-free survival. In the base model, the traditional
factors age, tumour size, and grading were included. High
uPA and/or PAI-1 tumour levels were statistically significant
associated with poor relapse-free survival and overall sur-
vival when added to the base model (all p < 0.001). It is re-
markable that the increase in significance (∆χ2) associated
with the addition of uPA and PAI-1 had a magnitude similar
to the baseline significance (χ2) with the traditional prognos-
tic factors. 
In summary, for uPA and PAI-1 the standard requirements for
development of new prognostic factors are fulfilled (table 2, 5)
and clinical relevance has been shown at least for selected sit-
uations (TMUGS 1 ++). A high level of evidence (Oxford 1a
A) can be given since an individual randomised controlled
trial with narrow confidence intervals was performed and a
clinical decision rule was validated (table 3). For being sup-
ported by consistent level 1 studies, recommendation level A
might be adequate. Since grading and age interact indepen-
dently with the risk of recurrence, uPA and PAI-1 should be
used particularly for patients with an intermediate grade of
differentiation. 
Thus, the following clinical decision rules can be suggested:
– No adjuvant chemotherapy in patients with well-differenti-

ated tumours (G1), or tumours of intermediate differentia-
tion (G2) and low levels of both, uPA and PAI.

– Adjuvant chemotherapy is indicated for patients with high-
grade tumours (G3), for patients with age below 35 years,
and for patients with tumours of intermediate differentia-
tion (G2) and high level of either or both, uPA and PAI-1.

Cyclin E

In normal cells, cyclin E accelerates the transition from G 1 to S
phase [50–51]. The cyclin E gene is amplified and full-length cy-
clin E protein as well as low-molecular-weight isoforms often
are expressed in breast-cancer cell lines [52–53]. These isoforms
are hyperactive in inducing progression from G 1 to S phase
[54]. Constitutive overexpression of cyclin E has been shown to
cause chromosomal instability [55]. In about 10% of transgenic
mice cyclin E has oncogenic potential [56]. This spectrum of bi-
ologic activity suggests that cyclin E may have multiple roles in
the development and outcome of breast cancer.
Several evaluations of cyclin E as a prognostic factor in breast
cancer with contradictory results have been published. Semi-
quantitative data obtained by Western blot analysis [50]
showed a strong and independent prognostic impact for the
total cyclin E tumour concentration and the level of the low
molecular weight isoform of cyclin E. The Western blot tech-
nique may be adequate for research purposes, however, it was
not designed and validated as a robust high-throughput tech-
nique for routine diagnostics. 
In a recently published study [50], a retrospective random
sample of 395 tumours was tested and evaluated for prediction
of overall survival. Nearly 68% of all patients had low cyclin E
levels. In patients with stage I/II disease and low total cyclin E
levels, the death rate was less then 5% after 5 years. Less than
30% of patients expressing high total cyclin E levels survived.
With regard to risk of death from cancer in this study for cy-
clin E, a strong, independent, statistically significant and clini-
cally relevant impact on prognosis has been demonstrated
(HR 13.3). Although these results are derived from retrospec-
tive data, and in other studies partially contradictory results
were found when immunohistochemistry instead of Western
blotting was used, quantification of cyclin E should be consid-
ered a future candidate for a prognostic marker [57–58].
In summary, it is too early to derive clinical recommendations
from these data. It is the first study showing a prognostic ef-
fect, confirmatory prospective studies have yet to be per-
formed (TMUGS III +/–; Oxford 2b C) (table 3). Moreover,

442 Onkologie 2003;26:438–445 Thomssen/Jänicke/Harbeck

Table 4. Multivariate stratified analysis for relapse-free survival in lymph node subgroups of patients. Data adapted from the pooled analysis [3]

Factor (df) χ2 HR 95% CI p-value 

All lymph node-negative patients (n = 3483, 970 events) 
Base model (11) 129.3 1.00 < 0.001 
Combination of uPA and PAI-1 (2) 116.8   < 0.001 

uPA   2.37 1.78–3.16  
PAI-1   1.90 1.45–2.49  

Lymph node-negative patients without adjuvant therapy (n = 2864, 829 events) 
Base model (11) 105.5 1.00 < 0.001 
Combination uPA and PAI-1 (2) 94.0   < 0.001 

uPA   2.34 1.71–3.21  
PAI-1  1.86 1.39–2.48  



the authors [50] do not mention the type of treatment and no
separate analysis of node-negative patients was done. There-
fore specific conclusions for this important subgroup of breast
cancer patients cannot be drawn.

Genomic Profiling

More than one hundred biological markers are suggested to
be correlated with breast cancer prognosis, but only a few are
discussed to have clinical impact. By looking into the expres-
sion of ten thousands genes simultaneously, microarrays can
provide information about distinct patterns of gene expression
at the RNA-level, that may correlate with prognosis or re-
sponse to therapy. Thus, a posteriori, biological models may
be derived from such ‘genomic profiling’ or ‘genomic signa-
tures’. However, a priori, it does not represent a distinct bio-
logical model or hypothesis. 
Standardised RNA-microarrays for routine diagnostic use can
only be produced by specialized companies. As testing mater-
ial, snap-frozen tumour samples have to be used. Sample
preparation is time consuming and labour intensive. However,
in one experiment ten thousands of genes can be quantified
with regard to enhanced or decreased expression. Evaluation
requires highly sophisticated statistics in order to find signifi-
cant clusters in the huge amount of data. Once distinct gene
patterns with a prognostic impact have been established, data
quantity may be substantially reduced. However, the method
is still under development and mainly used for research pur-
poses. Quality assurance or standardisation of sample prepa-
ration or assay procedure have not yet been established. In
general, RNA determination techniques are highly susceptible
to methodological variations which are an everyday problem
in clinical routine.
In a pivotal study, it was described how to select genes of in-

terest (70 genes out of 25,000) in order to predict outcome in
78 node-negative breast cancer patients [59]. These results
were then confirmed using an independent second cohort of
151 node-negative breast cancer patients [60]. Node-negative
patients with a ‘good-prognosis signature’ had 93.4% proba-
bility of distant disease-free survival, those with a ‘poor-prog-
nosis signature’ 56.2% (HR 15.0). No further confirmatory
studies have been published to date (TMUGS III +/–; Oxford
2b C) (table 3). Currently, the group is designing a multicentre
prospective trial that focuses on the impact on therapy. 
These remarkable data may lead to a better identification of
low-risk and high-risk node-negative breast cancer patients
than other methods of risk assessment. However, before
transfer into daily practice or clinical routine, the methods of
tissue preparation, test procedure and evaluation as well as
the economical questions that arise with methods so sophisti-
cated have to be solved. 

Conclusion 

For the first time, with uPA and PAI-1, prognostic markers
have been consequently and successfully developed according
to standard evaluation rules. Data suggesting clinical routine
use are supported by highest levels of evidence according to
TMUGS criteria (LoE 1 ++) as well as to Oxford criteria
(LoE 1a A) [5–7, 61].
Among the other markers discussed above, only TLI reaches
high levels of evidence with regard to its prognostic impact.
However, the need of fresh tissue and radioactivity assay pre-
vent a broad use of this technique. Genomic profiling, cyclin
E, and disseminated tumour cells are promising markers, but
still away from clinical routine use (table 2).
These considerations are the basis of the recommendations of
the German Gynaecologic Working Group (AGO) with re-
gard to diagnosis and treatment of breast cancer [6].
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Table 5. Criteria for development of prognostic markers (standard evaluation rules) as proposed earlier [4, 5] and corresponding work-up for the in-
vasion markers uPA and PAI-1. For the first time, level 1 of evidence could be reached by a consequent and successful work-up of these criteria [62]

Standard evaluation rules Work-up for the invasion markers uPA and PAI-1  

Biological model and hypothesis  tumour-associated proteolysis, invasion, migration, adhesion, angiogenesis [37–39, 
42–43]  

Simple, robust, and valid determination method, quality ELISA similar to previously routinely performed steroid receptor analysis
assurance of testing  (snap-frozen material required), high reproducibility with low coefficients of 

variance demonstrated in multicentre studies [41–44]  

Statistical evaluation prospectively planned (factors are retrospective and prospective explorative studies performed including analyses of
primary objectives) correlations and prognostic impact [40, 41, 45–49]  

Cut-off optimisation cut-off optimisation performed and later validated [45, 49]  

Validation of the clinical relevance according to criteria concordant results in prospective and retrospective monocentre explorative studies, 
of evidence based medicine (prospective pilot and in – multicentre confirmatory therapy trial, and in pooled analysis published 
confirmatory trials, meta-analysis) [3, 49] 

Clinical relevance for treatment decisions  clinical relevance for treatment decisions demonstrated by prospective multicentre 
therapy trial [49]     
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