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Abstract

Colorectal cancer is one of the most common tumour types with approximately one third of the tumours located within the
rectum. Rectal cancer differs somewhat from colon cancer, e.g. regarding the method of operation and the use of preoperative
radiotherapy due to a tendency for local tumour recurrence. Proteolytic enzymes have been identified as key molecules in tumour
invasion and metastasis, and factors within the urokinase-plasminogen activation (uPA) system have been associated with prog-
nosis in several tumour types, including colorectal cancer. Recently, methods have been developed to analyse the soluble fraction of
the plasminogen activator receptor (suPAR) in blood samples. An association between elevated suPAR levels and poor prognosis
has recently been demonstrated in colorectal cancer. We have measured suPAR levels in pretreatment plasma samples from 173
rectal cancer patients in order to confirm its prognostic strength in this clinical entity. suPAR levels were determined in ethylene-
diamine tetraacetic acid (EDTA) plasma by a kinetic enzyme-linked immunosorbent assay (ELISA) and analysed with respect to
sex, age, Dukes’ stage, tumour differentiation grade and survival. In a univariate analysis, continuous suPAR plasma levels were
associated with survival (P <0.001) with shorter survival among patients with high suPAR values. Patients with suPAR values
within the upper quartile had significantly shorter survival (hazard ratio (HR) 2.2, 95% confidence interval (CI) 1.3-43.7,
P=0.002). In a multivariate Cox analysis, increasing suPAR values predicted shorter survival independent from Dukes’ stage and
tumour differentiation grade with an adjusted HR of 2.2 per ng/ml suPAR (95% CI 1.2-4.0, P=0.01). This study thus confirms
that measurement of suPAR in preoperative plasma samples gives independent prognostic information in rectal cancer patients,
higher values being associated with shorter survival. © 2001 Elsevier Science Ltd. All rights reserved.

Keywords: Soluble plasminogen activator receptor (suPAR); Rectal cancer; Prognostic marker

1. Introduction

Colorectal cancer is one of the most common cancer
types and approximately one third of the carcinomas in
the large intestine are situated in the rectum, which is
defined as the bowel within 15 cm from the anus. The
annual incidence of rectal cancer in Sweden is 25/100 000
in men and 15/100 000 in women. Local tumour recur-
rence, which is a major clinical problem, previously
occurred in 20-50% of the patients [1], but after the
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introduction of a new surgical technique, total mesor-
ectal excision (TME), the local recurrence rate has been
reduced to about 5% [2]. Another means to reduce the
local recurrence risk is addition of local preoperative
radiotherapy [3]. Distant metastases develop in about
half of the patients, most of whom will die from their
cancer. Tumour stage (according to TNM or Dukes’
classification) and histopathological tumour differentia-
tion grade (low grade versus high grade) are widely used
prognostic tools for colorectal cancer.

The aggressiveness of a tumour is reflected by its
ability to invade adjacent tissue and to metastasise.
Proteolytic enzymes produced by tumour cells and/or
by supporting stromal cells, play a central role in this
process [4,5]. The urokinase plasminogen activator
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(uPA) is a 52 kD serine protease, which is secreted as an
inactive pro-enzyme (pro-uPA). uPA and pro-uPA bind
to a specific cell surface receptor, uPAR, which consists
of a three-domain 60 kD glycoprotein connected to the
cell surface via a glycolipid anchor. uPA, free or recep-
tor-bound, catalyses the conversion of plasminogen to
plasmin, which plays an important role in the degrada-
tion of diverse substrates in the extracellular matrix [6].
Plasminogen activation by uPA is regulated by the
inhibitors PAI-1 and PAI-2, which modulate the plas-
minogen activity by complex binding and internalisa-
tion through uPAR. In summary, the uPA/uPAR
complex provides a means of directing the proteolytic
activity to the cell surface and thereby influences the
cell’s invasive capacity [4-6]. High tumour tissue levels
of uPAR have previously been associated with poor
prognosis, e.g. in breast cancer [7,8] and in colorectal
cancer [9]. The soluble fraction of uPAR, referred to as
suPAR, is equivalent to the full-length three-domain
receptor and cleavage products without the glycolipid
cell surface anchor. Since uPAR is displayed on blood
cells and is involved in platelet formation, senescence of
monocytes or neutrophils, as well as platelet formation,
may contribute to the normally measurable levels of
suPAR in blood. Recently, a kinetic enzyme-linked
immunosorbent assay (ELISA) was developed to mea-
sure SUPAR in plasma [10]. suPAR in plasma from
healthy blood donors showed no correlation with age,
but the levels were somewhat higher in females than in
males [10]. Elevated levels of circulating suPAR have
been demonstrated in plasma from patients with, e.g.
ovarian cancer, colorectal cancer and prostate cancer
[10-12]. Recently, a significant correlation between
increased levels of suPAR and shorter survival was
demonstrated in preoperative blood samples from
patients with colorectal cancer [13]. We have studied
suPAR levels in plasma from 173 rectal cancer patients
in order to validate the strength of suPAR as a prog-
nostic marker.

2. Patients and methods
2.1. Patients

This study includes 173 patients (115 men (66%) and
58 women (34%)) from the southern Sweden healthcare
region with histopathologically proven adenocarcino-
mas of the rectum. The median age was 66 years (range
31-91 years). Surgery was performed according to
TME. Standard treatment also included preoperative
radiotherapy to a total dose of 25 Gray (Gy) in five
fractions [3]. Of the 173 patients, 134 (77%) with a pri-
mary resectable tumour received preoperative radio-
therapy, 23 patients (13%) had a primary unresectable
tumour and were therefore given prolonged radio-

therapy of 50 Gy in 25 fractions, and 16 patients (9%)
were not given any preoperative radiotherapy because
of small tumours (#=9) or disseminated disease at the
time of diagnosis (n=7). Blood samples were collected
for suPAR analyses from consecutive patients between
November 1994 and November 1998 and all samples
were obtained before any treatment. Permission for the
study was granted by the regional ethics committee. The
tumours were classified according to Dukes’ stage,
which was A in 42 patients (24%), B in 54 (31%), C in
68 (39%) and D in 9 patients (5%) [14]. The tumours
were classified according to histopathological tumour
differentiation grade as high in 1 patient (1%), medium-
high in 126 (73%) and poorly differentiated in 46
patients (27%). Tumours of high or medium-high dif-
ferentiation are referred to as low-grade and tumours of
poor differentiation as high-grade tumours. 3 patients
died within 1 month of surgery (1 patient with a Dukes’
D tumour from sepsis, 1 with a Dukes’ A tumour from
lung embolus and 1 patient with a Dukes’ D tumour
from cerebrovascular insult) and were excluded from
the survival analysis. The median follow-up time was
3.4 years (range 1.3-5.5 years) for the survivors and 2.9
years (range 0.2-5.5 years) for all patients. During fol-
low-up, 64 patients died, according to the death certifi-
cates in all cases from rectal cancer, but since the actual
cause of death was not always verified, we used overall
survival of all causes as the endpoint in the survival
analysis.

2.2. Methods

Blood samples were drawn before any treatment and
collected in ethylenediamine tetraacetic acid (EDTA)-
containing anticoagulant tubes. Plasma was separated
and frozen at —80°C until analysed. Immediately before
performing the suPAR assay, the plasma samples were
thawed rapidly at 37°C and diluted 1:10 in a sample
dilution buffer of 50 mol/l phosphate, pH 7.2, 0.1 mol/I
NaCl, 10 g/l bovine serum albumin (Fraction V, Boeh-
ringer Mannheim), and 1 g/l Tween 20. The plasma
concentration of suPAR was determined by use of a
modification of a kinetic ELISA as previously described
[10]. In brief, this assay consists of using the R2 mono-
clonal antibody against human suPAR in the catching
layer, a rabbit antibody against human suPAR in the
detecting layer and a secondary monoclonal antirabbit
immunoglobulin/alkaline phosphatase conjugate (Sigma
Chemical Co., St Louis, MO, USA). Rate measure-
ments of phosphatase enzyme activity were auto-
matically collected over a 1 h period in a Ceres 900™
plate-reader (BioTek Instruments, Winooski, VT,
USA). KinetiCalc software (version 2.16; BioTek
Instruments) was used to analyse the data and to calcu-
late the rate of colour change for each well by linear
regression analysis. The suPAR concentration of each
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plasma sample was calculated by use of a four-para-
meter fitted standard curve computed from the rates for
the recombinant suPAR standards. The detection limit
of the assay was 3 pg/ml, the interassay variation of a
citrate plasma pool (n=6) was 12% and the intra-assay
variation was 6.7%. Samples from all patients were
analysed in duplicate.

2.3. Statistical analysis

The software package Stata 6.0 was used for the sta-
tistical analyses [15]. Differences in the median suPAR
levels in subgroups of quantative factors were evaluated
using the Kruskal-Wallis test and boxplots. The median
and the upper and lower quartiles define the box
whereas the whiskers extend to the upper and lower
adjacant values. The upper adjacent value is defined as
the largest data point less than or equal to 1.5x the
Inter Quartile Range (IQR) and the lower adjacent
value as the smallest data point greater than or equal to
1.5xIQR. Data points more extreme than the adjacent
values are plotted individually. The width of each box is
proportional to the corresponding number of observa-
tions. Spearmans’ rho was used as a measure of corre-
lation between suPAR and age. Associations between
suPAR, categorised by the median, and other factors
were evaluated using y>-tests. Overall survival was ana-
lysed using Kaplan—Meier estimates, logrank tests and
Cox regression analysis. The Kaplan—Meier curves were
curtailed when no more than five individuals remained
in the risk sets. Proportional hazards assumptions were
checked using Schoenfeld’s test. None of the factors
included in the multivariate analysis was found to vio-
late the assumption. All tests were two-sided and the
significance level was set at 5%.

3. Results

All 173 plasma samples contained measurable levels
of suPAR with a median value of 1.17 ng/ml (range
0.48-2.74 ng/ml). The suPAR levels showed a weak
correlation with age (Spearman’s rho 0.31) and the
median suPAR values were also higher in females (1.2
ng/ml) than in males (1.1 ng/ml) (P=0.04). The median
suPAR values were about the same in Dukes’ stage A—C
tumours, whereas the median suPAR value was sig-
nificantly higher in Dukes’ stage D tumours (P=0.01,
two-group comparison Dukes’ stages A—C versus D)
(Fig. 1). suPAR values above the median were found in
48% (n="79) of the 164 patients with Dukes’ stages A—C
tumours, but in 7/9 patients (78%) with Dukes’ D
tumours. The median suPAR values were also sig-
nificantly higher in high-grade tumours compared with
low-grade tumours (P=0.04) (Fig. 1). Among low-
grade tumours 45% (n=57) had suPAR levels above

the median compared with 63% (n=29) of the high-
grade tumours.

3.1. Univariate analysis

The 3 patients who died from postoperative compli-
cations were excluded from the survival analyses, thus
analyses are based on the remaining 170 patients. Sur-
vival analysis using the Kaplan—Meier method showed
that patients with suPAR values above the median (1.17
ng/ml) had a significantly shorter survival than patients
with values below the median (hazard ratio (HR) 1.8,
95% confidence interval (CI) 1.1-2.9, P=0.02). When
the patients were divided into four groups using the
quartile values for plasma suPAR, a significant differ-
ence was seen in survival between the groups (P=0.01,
four-group comparison). No significant difference in
survival was found between the three quartiles with
lower suPAR values (P=0.63). In contrast, patients
with values within the upper quartile had a significantly
shorter survival compared with the lower three quartiles
(HR 2.2, 95% CI 1.3-43.7, P=0.002) (Fig. 2). The 3-
year survival for the quartile with the highest suPAR
values was 52% (95% CI 35-66%) compared with 73%
(95% CI 64-80%) for patients with suPAR values in the
lower three quartiles. When analysed univariately as a
continuous variable on a linear scale, suPAR was also
found to correlate with survival with an estimated HR of
3.0 (95% CI 1.6-5.6, P<0.001) per ng/ml suPAR. As
expected, Dukes’ stage and tumour differentiation grade
were significantly associated with survival, whereas sex
and age were not. The 3-year survival according to
Dukes’ stage was 91% (95% CI: 74-97%) for patients
with Dukes’ A tumours, 75% (95% CI: 59-85%) for
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Fig. 1. Boxplots demonstrating suPAR levels in relation to Dukes’
stage and histopathological tumour differentiation grade. The left
panel shows the median suPAR values for Dukes’ stage A—C tumours,
compared with the small group of patients with Dukes’ stage D
tumours (P=0.01, two-group comparison Dukes’ stage A—C versus
D). The right panel demonstrates suPAR values in low-grade tumours
compared with high-grade tumours (P=0.04). The elements of the
boxplots are defined in the statistical analysis section. suPAR, soluble
fraction of the urokinase plasminogen activator receptor.
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Fig. 2. Kaplan—Meier curve demonstrating overall survival according to quartile (q) suPAR values.

Dukes’ B, 54% (95% CI: 41-66%) for Dukes’ C and
25% (95% CI: 4-56%) for Dukes’ D. The correspond-
ing 3-year survival according to tumour differentiation
was 77% (95% CI: 69-84%) for patients with low-grade
tumours and 43% (95% CI: 28-58%) for those with
high-grade tumours. However, no statistically sig-
nificant discrimination between high and low suPAR
levels regarding survival could be obtained in Dukes’ B
or Dukes’ C stage patients.

3.2. Multivariate analysis

In a multivariate Cox analysis including the factors
sex, age, Dukes’ stage, tumour differentiation grade and
suPAR, significant independent prognostic information
was obtained from Dukes’ stage, differentiation grade
and suPAR values, but not from sex and age (Table 1).
suPAR analysed as a continuous variable in the Cox
analysis gave prognostic information independent of
Dukes’ stage and differentiation grade with an adjusted
HR of 2.2 (95% CI 1.2-4.0, P=0.01) (Table 1). In
addition, suPAR categorised into quartiles gave sig-
nificant prognostic information independent from
Dukes’ stage and differentiation grade (HR 1.9, 95% CI
1.1-3.1, P=0.02).

4. Discussion
Studies of uPAR levels in tumour tissue extracts,

which have demonstrated that high tissue levels are
related to a worse prognosis in several tumour types,

together with the identification of suPAR as a novel
serological prognostic marker in, e.g. ovarian cancer,
colorectal cancer and prostate cancer, confirm the
importance of the uPAR system in cancer [10-12].
uPAR-expression studies in colorectal cancer have shown
an increased immunoreactivity on the surface of tumour
cells and tumour infiltrating macrophages [16]. The
biological role of suPAR is unclear, but the increased
blood suPAR levels in cancer patients are probably
caused by release from tumour cells or stromal cells in
the cancerous tissue and experimental data support a
relationship between suPAR level and tumour burden
[17]. In vitro experiments have suggested that increased
amounts of circulating suPAR have biological impor-
tance; suPAR can induce chemotaxis, acts as a sca-
venger for uPA and thereby inhibits cell proliferation,
and through interaction/binding with vitronectin suPAR/
uPA complexes may influence cell migration [18-20].

Table 1
Multivariate Cox analysis including Dukes’ stage, tumour differentia-
tion grade and suPAR plasma level in 170 rectal cancer patients

Factor Hazard ratio (95% CI) P value
Dukes’ stage
B versus A 2.9 (1.0-8.8) 0.06
C versus A 5.3 (1.9-15) 0.002
D versus A 17 (4.6-60) <0.001
Tumour differentiation grade 2.8 (1.6-4.9) <0.001
(high versus low)
suPAR (continuous variable) 2.2 (1.2-4.0) 0.01

95% CI, 95% confidence interval suPAR, see Fig. 1.
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In this retrospective study, suPAR values in blood
samples from rectal cancer patients were found to be
associated with survival. The risk increase was 3.0 per
ng/ml suPAR (95% CI 1.6-5.6) with shorter survival
among patients with high suPAR values (P <0.001). In
the multivariate analysis, including the factors sex, age,
Dukes’ stage and tumour differentiation grade and
suPAR, independent prognostic information was
obtained using the upper quartile for the suPAR values
and also when analysing suPAR as a continuous vari-
able. Furthermore, patients with suPAR levels within
the upper quartile had a significantly shorter survival
than patients with values in the lower three quartiles
(HR 2.2, 95% CI 1.3-43.7, P=0.002) and the 3-year
survival for the two groups was 52% (95% CI 35-66%)
and 73% (95% CI 64-80%), respectively (Fig. 2). When
analysing the importance of suPAR relative to survival,
we found that our data supported a non-linear associa-
tion between suPAR and tumour-related death; suPAR
levels below the upper quartile seemed to be comparable
from a prognostic point of view, whereas suPAR values
within the upper quartile reflected a worse prognosis.
Notably, among the 7 patients with the highest absolute
suPAR values, 6 (all of whom had Dukes’ stage C or D
tumours) died from their tumour within 15 months of
diagnosis. Furthermore, among the 9 patients with
Dukes’ D tumours, the 2 patients with the lowest
suPAR values are alive 4 and 5 years after diagnosis,
respectively.

This study confirms the results from an earlier and the
first study on the prognostic value of suPAR measure-
ments in preoperative blood samples from patients with
colorectal cancer. In a study including 591 patients with
colorectal cancer, Stephens and colleagues demonstrated
an increased risk of mortality for patients with suPAR
values above the median [13]. Our study confirms the
observation that high suPAR values were significantly
associated with poor survival and demonstrates, in an
independent set of patients, that the prognostic infor-
mation of suPAR is applicable also for patients with
rectal cancer. Clinically, the development of prognostic
markers which can be used before treatment would be
valuable in order to determine which patients would
benefit from adjuvant therapy, e.g. addition of radio-
therapy and/or chemotherapy. The suPAR values could
in the study by Stephens and colleagues discriminate
between high-risk and low-risk patients with Dukes’
stage B and stage C tumours [13]. We could not, how-
ever, based on suPAR levels, predict which patients
with Dukes’ stages B or C tumours were at high or low
risk for tumour recurrence. This discrepancy may be
explained by the larger patient material and a longer
follow-up time in the former study, but might also
reflect differences in treatment since the TME method
for operation, combined with preoperative radiotherapy
in the majority of patients, has been introduced in the

current study. This optimised treatment may thus have
influenced survival among the patients with Dukes’
stages B and C tumours with a suggested poor prog-
nosis due to high suPAR values. We conclude that eva-
luation of factors within the plasminogen activation
system, and measurements of suPAR in preoperative
blood samples in particular, may be clinically valuable
prognostic markers in rectal cancer.
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