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Prognostic value of intact and cleaved forms of the urokinase
plasminogen activator receptor in a retrospective study of 518
colorectal cancer patients
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Abstract

Background. The levels of the soluble urokinase plasminogen activator receptor (su’AR) in blood have been shown to cor-
relate with prognosis in various cancers. Plasma levels of the combined suPAR forms have previously shown to be a strong
prognostic marker in the present cohort of CRC patients and could potentially identify high-risk patients among those with
early stage disease. In order to investigate whether the individual suPAR forms are stronger prognostic markers than the
combined amount we measured the different uPAR forms in serum from the same cohort and evaluated their prognostic
significance. Material and methods. The different suPAR forms were measured in serum preoperatively collected from 518
patients. Patients were followed up to nine years (median 7.9 years) and the primary endpoint was overall survival. The
different suPAR forms were measured using Time Resolved Fluorescence Immunoassays(TR-FIAs): Intact, suPAR(I-III) by
TR-FIA 1; intact and cleaved, suPARI-III) + (II-IIT) by TR-FIA 2; and liberated uPAR(I) by TR-FIA 3. Results. All three uPAR
variants demonstrated prognostic significance when evaluated individually. In a multivariable analysis suPAR(I-III) + (II-III)
and the liberated uPAR(I) were shown to be independent markers of prognosis (HR=1.74, CI:1.33-2.26; p <0.0001 and
HR=1.32; CI:1.02-1.71; p=0.036 respectively), and independent of the clinical baseline variables: age, gender, tumor stage
and localization. Conclusion. This study demonstrated that suPAR(I-IIT) + (II-III) and the liberated uPAR(I) in serum are
independent prognostic markers in CRC.

Colorectal cancer (CRC) has an estimated individual
lifetime risk of 5% in developed countries. Worldwide
CRC accounts for around 1 million new cases per
year, and in Europe CRC is the second most preva-
lent cancer and the second most important in relation
to cancer specific death [1]. Treatment of primary
colon cancer (CC) is resection of the tumor followed
by adjuvant chemotherapy according to histo-
pathological tumor stage. For rectal cancer (RC) mul-
timodal approaches have been introduced based on
tumor staging by magnetic resonance scanning [2].

Clinical outcome in CRC patients relates to the
stage of disease at the time of diagnosis. The postop-
erative histo-pathological tumor staging based on the
tumor, node, metastasis (TNM) system, is presently
the strongest predictor of patient outcome and

consequently animportant toolin patient management
following primary tumor resection [3]. However, the
TNM staging system does not offer a precise predic-
tion of prognosis for the individual patient. To
improve the staging of CRC patients — and thereby
the treatment opportunities of these patients — several
tumor markers have been proposed as potential can-
didates for prognostic evaluation in CRC, but the
number of markers that actually have proven clini-
cally useful is currently limited [4].

The plasminogen activation (PA) system is
involved in tissue remodeling processes, including
tumor growth, invasion and metastasis [5—7]. One of
the components, the urokinase plasminogen activator
receptor (uUPAR), has attracted specific interest, as it
has been shown to have prognostic impact when
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determined in both tissue extracts and plasma
[8,9,13-15] uPAR is a three-domain glycolipid-
anchored protein localizing uPA and thereby plasmi-
nogen activation to the cell surface [5]. In addition
uPA can cleave uPAR in the linker region between
domain I and II, liberating domain I, uPAR(I) and
thus inactivating the binding potential of uPAR. The
intact glycolipid anchored uPAR, uPAR (I-III), and
the cleaved form, uPAR(II-III), can be shed from the
cell surface and three soluble uPAR forms, suPAR(I-III),
suPAR(II-IIT) and uPAR(I) are found in different
body fluids [14]. The levels of the cleaved uPAR
forms both in tumor tissue and in blood reflect the
uPA-activity and could therefore potentially be stron-
ger prognostic markers in cancer than the combined
amount of uPAR forms [16]. In order to test this,
assays measuring the different uPAR forms have been
designed. Using these on tumor extracts from non-
small cell lung cancer patients the liberated uPAR(I)
was found to be a stronger prognostic marker than
the combined amount of uPAR forms [17].

The present retrospective cohort study was
undertaken to evaluate whether any of the individual
uPAR forms determined by the new TR-FIA plat-
forms have improved prognostic value in patients
with CRC compared with the value of combined
suPAR forms determined by the ELISA platform.

Material and methods

Subjects

From April 1991 through August 1993, patients were
included in this multicenter cohort study conducted at
Danish hospitals. This study is a prospective placebo-
controlled clinical trial studying the effect of treatment

with the histamine-II receptor antagonist (Ranitidine)
on long-term survival in CRC patients [18]. Patients
eligible for inclusion were (18 years or older) under-
going elective resection for histo-pathologically veri-
fied primary CRC. Subjects diagnosed with severe
concurrent diseases (e.g. other cancers or infectious
diseases) and subjects unable to give informed con-
sent were not included in the study. The Regional
Ethics Committee and the Danish Data Protection
Agency approved the study, and 823 patients were
included following informed consent according to
the Helsinki IT Declaration. Preoperatively collected
serum samples were available from 518 of the 823
patients. The primary endpoint was overall survival.
The cohort was followed until 2000, resulting in a
median follow-up time of 7.9 years (range, 6.5-9.1
years) and 345 events. None of the included patients
received adjuvant treatment. The clinical parameters
evaluated in this study were: gender; age; localization
of tumor; Dukes’ stage; and carcino embryonic anti-
gen (CEA). Since limited amounts of serum were
available, all uPAR forms could only be measured in
samples from 483 patients, and only these were
included in the multivariable analysis. Details are
given in Table I.

Sampling

All samples were collected preoperatively on the day
of operation from fasting, supine patients just before
skin incision. Serum samples were collected in endo-
toxin free silicon tubes without additives (Vacutainer®
Becton-Dickinson, Mountain View, CA, USA). Fol-
lowing collection samples were left to cloth at room
temperature for 1 hour and then spun for 10 minutes

Table I. Descriptive statistics shown together with medians and ranges for the different uPAR forms.

uPAR(I)
Patients, Events, uPAR(I-IIT)median uPAR(-IIT) + (II-IIT)median median(range)”
n (%) n (%) (range)” fmol/ml (range)” fmol/ml fmol/ml
Gender
Female 210 (41) 129 (61) 40.4 (13.1-145.3)202 106.1 (50.1-49.9)210 20.2 (20.2-292.3)19¢
Male 308 (59) 216 (70) 36.4 (10.2-131.8)2%8 100.4 (40.0-326.1)38 20.2 (20.2-98.6)%%
p»=0.007 p=0.07 =09
Dukes stage
A 51 (10) 10 (20) 32.0 (15.7-96.1)%8 92.9 (47.5-192.9)°! 20.2 (20.2-46.9)%8
B 191 (37) 96 (50) 38.1 (10.2-139.2)184 104.1 (52.2-286.3)!°! 20.2 (20.2-108.2)!7°
C 156 (30) 112 (72) 34.6 (12.2-145.3)1%3 90.8 (40.0-346.6)15° 20.2 (20.2-94.2)150
D 120 (23) 120 (100) 50.8 (13.1-131.8)!11° 124.6 (50.1-449.9)120 20.2 (20.2-292.3)!12
$»<0.0001 »<0.0001 »<0.0001
Localization
Colon 298 (58) 187 (63) 39.9 (10.2-145.3)284 104.9 (40.0-346.6)%°8 20.2 (20.2-292.3)273
Rectum 220 (42) 158 (53) 36.1 (13.8-125.2)21¢ 97.3 (47.5-449.9)220 20.2 (20.2-135.1)213

»=0.003

»=0.002

»=0.03

p=results of the hypothesis test (Wilcoxon Rank sum); testing differences in uPAR concentration in the three strata (gender, tumour stage
and localization), n=the number of samples available.



at 2 500 g and 4°C. Serum was collected and stored
at —80°C until analyzed.

Immunoassay

Measurements of the uPAR variants were performed
using three Time Resolved Fluorescence Immuno-
assays(TR-FIAs); TR-FIA 1 measuring suPAR(-III),
TR-FIA 2 measuring suPAR(I-III) + (II-I1T), and TR-
FIA 3 measuring liberated domain I, uPAR(I) [17].
Their validation in serum (in 1:5 dilution) has previ-
ously been described [21]. Samples were read in the
Fluostar Galaxy fluorometer with excitation set at 405
nm and emission read at 615 nm with a 400 us delay
and a 400 us acquisition window.

Statistics

The SAS software package (version 9.1, SAS Insti-
tute, Cary, NC) was used for data management and
statistical calculations. The uPAR concentrations are
presented by the median and range. Hypothesis tests
on localization, stage and gender were done using the
Wilcoxon rank sum test. Associations between vari-
ables were determined by the Spearman rank cor-
relation coefficients. Survival probabilities were
estimated using the Kaplan-Meier method for each
of the uPAR forms grouped by the respective tertiles,
except uPAR(I) which was dichotomized by the limit
of quantification (LOQ=20.2 fmol/ml). The Cox
proportional hazards model was used for multivari-
able analysis, and included the covariates: disease
stage, localization of tumor, age, gender and the
uPAR-forms. suPAR(I-III) and suPAR(I-III)+ (II-
IIT) were log transformed (base 2) and uPAR(I) was
dichotomized using the limit of quantification as the
cut-point. The functional form of the continuous
covariates and the proportional hazards assumption
were verified using martingale and Schoenfeld resid-
uals. The assumption of proportional hazards was
verified graphically where applicable. P-values below
0.05 were considered significant.

Results

Patient characteristics including gender, Dukes’ stage
of disease and tumor localization are given in Table I,
including the number of events and levels of the dif-
ferent uPAR forms.

Association between the different uPAR forms and
other variables

Correlation analyses showed strong correlations
between suPAR(I-III) and suPAR(I-III)+ (II-IIT)
(r=0.73; p<0.0001) whereas weaker — but still
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significant — correlations were observed between
uPAR(I) and suPAR(-III) as well as suPAR-III)+
(II-11I) (r=0.48;p<0.0001 and r=0.34; p < 0.0001
respectively). All uPAR forms were weakly positive
but significantly correlated with patient age (data not
shown).

uPAR level and gender, tumor stage and localization

Significant difference levels were shown between
Dukes’ stages for all three markers (Wilcoxon rank
sum p < 0.0001). Furthermore, significantly higher
concentrations were observed for all three markers
in patients with CC compared to RC patients
(p=0.03). For the intact form, suPAR(I-III), a sig-
nificant difference was seen for gender (p =0.007),
whereas this was not the case for suPAR(I-IIT) + (II-
III) and uPAR(I) (Table I).

Levels of uPAR wvariants and overall survival

uPAR (D). The group of patients with uPAR(I) levels
above the level of quantification (LOQ) had a sig-
nificantly poorer survival compared to those with
levels below (HR =2.04 CI:1.6-2.6; p<0.0001).The
groups had a median survival of 16 versus 48 months
respectively (Figure 1la). Patients diagnosed with
Dukes’ B tumors and with circulating uPAR(I) levels
above the LOQ had a significantly poorer survival than
those with uPAR(I) levels below LOQ (Figure 2a).
Univariable analysis of uPAR(I) scored dichotomized
by the LOQ is shown in Table II.

suPAR(I-IID) + (1I-1II). All samples contained mea-
surable amounts of suPAR(I-III)+ (II-III). When
patients were grouped by tertiles (90.27 fmol/ml and
117.92 fmol/ml) survival probabilities were shown to
be significantly different. Patients with the highest
levels of suPAR(I-IIT) + (II-III) had a median survival
of 17 months; patients with the intermediate uPAR(I-
III) + (II-IIT) levels 4.1 years; and patients with the
lowest suPAR(I-IIT) + (II-III) levels 6.5 years (Figure
1c). Similar results were seen for subgroup analyses
of Dukes B and C (Figure 2e and f). In a univariable
analysis, sSuPAR(I-III) + (II-III) scored as a log trans-
formed continuous variable was shown to signifi-
cantly predict prognosis in this patient cohort
(HR=2.51 CI:2.02-3.12; p<0.0001) (Table II).

Intact suPAR. All samples also contained measurable
amounts of intact suPAR. Kaplan-Meier estimates of
survival probabilities for patients grouped by tertiles
(32.2 fmol/ml and 46.6 fmol/ml) demonstrated signi-
ficance with a median survival of 1.6 years for patients
with the highest levels of intact suPAR; 2.1 years for
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Figure 1. Kaplan-Meier plots illustrating the estimates of survival probabilities for CRC patients stratified by the levels of the uPAR forms.
The upper panel shows the survival estimates for uPAR(I) (a) dichotomized by the LOQ (20.2 fmol/ml). The two lower panels show the
survival estimates for suPAR(I-III) (b) and suPAR(I-III)+(II-III) (c) in three groups using the tertiles as cut points. The tertiles for
suPAR(I-III) were 32.2 and 46.4 fmol/ml, and 90.3 and 117.9 fmol/ml for suPAR(I-III) + (II-III). The p-values shown are for the log rank
statistic. The number of patients at risk at 0, 24, 48 and 72 months in each strata are shown below each plot with the number of events

(deaths) shown to the left.

those with intermediate levels and 6.3 years for
patients with the lowest levels (Figure 1b). Similarly
significant differences were observed, for analyses of
Dukes B and C (Figure 2c and d). In a univariable
analysis suPAR(I-IIT) was shown to significantly pre-
dict prognosis in this patient cohort (HR=1.86;
CI:1.55-2.22; p < 0.0001) (Table II).

Multivariable analysis

A multivariable analysis including all three markers
and clinical baseline variables was performed and
followed by a stepwise backwards selection. Follow-
ing these analyses, suPAR(I-III) + (II-IIT) and uPAR(I),
were shown to be independent markers of prognosis
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Table II. Uni- and multivariable regression analyses in 483 colorectal cancer patients.

Univariable analyses

Multivariable analyses

HR (95% CI) P HR (95% CI) P

Tumour stage

Avs.D 0.05 (0.03-0.09) 0.06 (0.04-0.11)

Bvs.D 0.10 (0.07-0.13) <0.0001 0.10 (0.07-0.14) <0.0001

Cvs.D 0.17 (0.13-0.23) 0.25 (0.18-0.34)
Localisation

rectum vs. colon 0.85 (0.68-1.05) 0.12 1.35 (1.07-1.70) 0.011
Gender

women vs. men 0.79 (0.64-099) 0.04 1.35 (1.07-1.69) 0.010
Age 1.02 (1.01-1.03) 0.0003 1.02 (1.01-1.03) 0.0007
uPAR()

above or below the LOQ 2.04 (1.60-2.59) <0.0001 1.32 (1.02-1.71) 0.036
suPAR(I-IIT) (log,) 1.86 (1.55-2.22) <0.0001 1.74 Not included 0.53"
suPAR(I-IIT) + (II-1II) (log ) 2.51 (2.02-3.12) <0.0001 (1.33-2.26) <0.0001
CEA above or below 5 ng/ml 1.97 (1.59-2.44) <0.0001 Not included 0.49*

The multivariable analysis included tumour stage, localisation, gender, age, uPAR(I), suPAR(I-III) and suPAR(I-IIT) + (II-IIT). (HR=Hazard

rate; LOQ=limit of quantification; *= p-value to include).

in addition to tumor stage, localization, age and gen-
der. Results of the multivariable analyses are shown
in Table II.

Univariable analysis of CEA demonstrated that
CEA was a significant predictor of overall survival
(HR=1.97;CI:1.59-2.44;p < 0.0001).When included
in the multivariable analysis CEA showed to be non-
significant (p=0.49) (Table II). Addition of Ranitidine
treatment was not significant (data not shown).

Discussion

The results of the present study showed that the spe-
cific suPAR forms in serum had independent prognos-
tic value in patients with CRC; high levels were related
to poor prognosis and low levels to good prognosis.

Levels of suPAR in EDTA plasma samples have
previously been determined in the present patient
cohort [15], using an ELISA platform quantifying
the combined amounts of free and uPA occupied
suPAR(I-III) and suPAR(II-III). The results showed
that the preoperative plasma level of suPAR indepen-
dently predicted survival in CRC patients; high levels
were associated with poor prognosis and low levels
with good prognosis. Comparison of the median level
of suPAR measured in EDTA plasma by the ELISA
in the former study and the levels of suPAR(I-
IIT) + (II-IIT) measured in serum by the TR-FIA2 in
the present study showed that the levels were higher
in serum than in plasma. However, we found that the
ELISA and TR-FIA 2 suPAR measurements were
strongly correlated (r=0.80; p<<0.0001).

Similar results have previously been shown in
samples from patients with non-small cell lung can-
cer [20]. Degranulation of cells and accumulation of
proteins stored in granules during coagulation in

blood for serum may explain the differences with
higher levels of suPAR in serum than in plasma.

The results of the present study also showed that
preoperative levels of the different suPAR forms were
significantly associated with tumor stage and localiza-
tion and were weakly correlated with patient age.
suPAR levels were different when comparing tumor
localization, since colon cancers showed significantly
higher uPAR levels than rectal cancers. This was also
the case when the analysis was stratified by tumor stage
and could 7ot be explained by colon tumors being
more advanced than rectal tumors. These findings are
corresponding to the findings in a previous study ana-
lyzing samples from this same patient cohort [15].

In a univariable analysis the individual uPAR
forms determined in the present study showed prog-
nostics value; high levels were associated with poor
prognosis and low levels with good prognosis In the
subsequent multivariable analysis including gender,
age, tumor stage, localization and the different uPAR
forms, the levels of suPAR(I-IIT) + (II-IIT) and uPAR(I)
were shown to be independent predictors of overall
survival. Thus, the results seen for uPAR(I) are simi-
lar to those previously shown in patients with ovarian
and non-small cell lung cancer [19,21].The different
uPAR forms have been evaluated in other studies of
cancer patients [17,21,23]. The fact that uPAR(I-
IIT) + (II-IIT) is retained as the most significant prog-
nostic marker in this study, supports the results of
the study by Stephens [15]. The fact of uPAR(I)
being less significant as a prognostic marker com-
pared to suPAR(I-III) + (II-III), could be explained
by the fact that relatively few individuals have
uPAR(I) above the LOQ. Whereas all patients had
measurable suPAR(I-III) + (II-III) thereby increasing
statistical power to detect differences.
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Figure 2. Preoperative serum levels of uPAR(I), suPAR(I-III) and suPAR(I-III)+ (II-III) and overall survival for patients with Dukes’ B
and Dukes’ C cancer. The upper panel shows the Kaplan-Meier estimates stratified by uPAR(I) (a and b), the middle panel shows the
estimates for suPAR(I-III) (c and d) and the lower panel shows the estimates for suPAR(I-III) + (II-III) (e and f). The respective tertiles
were used as cut-points. The p-values shown are for the log rank statistic. The number of patients at risk at 0, 24, 48 and 72 months in
each strata are shown below each plot with the number of events (deaths) shown to the left.

Dukes’ B patients had significant differences in
overall survival for low and high levels of uPAR(I).
Most interestingly 65% of the patients with measur-
able uPAR(I) died during follow-up in this patient
group. This finding is of specific interest since patients
presenting with Dukes’ B (=stage II) cancers are
presently not candidates for standard adjuvant ther-
apy, unless they have high-risk features (i.e. obstruc-
tion, perforation, inadequate lymph node sampling
or T4 disease) [22]. It should however be noted that
the tumor classification used in the present study is
not comparable with the current practise, and con-
clusions should be drawn with caution. According to
these results further clinical studies evaluating
uPAR(I) in Stage II patients and the possible benefit
of uPAR(I) guided selection to adjuvant treatment in
these patients would be of great interest. The results
of the present study support a future application of
different uPAR forms in the clinical setting. Primar-
ily as a tool for improved staging of CRC patients,

which would allow for an optimized treatment selec-
tion in this group of patients.
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