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A B S T R A C T

Background: Accurate first-line diagnostics are essential for early recognition of cancer but also to identify pa-
tients free of disease. The biomarker soluble urokinase plasminogen activator receptor (suPAR) is elevated in pa-
tients with cancer or non-malignant disease compared to disease-free patients. We tested if low suPAR could be
used to identify disease-free patients in an accelerated cancer diagnostics program, including ruling out cancer.
Methods: Patients with serious nonspecific symptoms and signs of cancer (NSSC) were included at the Diagnostic
Outpatient Clinic, Copenhagen University Hospital Hvidovre, Denmark. Data from a clinical examination, in-
cluding blood tests and imaging, was combined with national registry data on diagnoses and mortality. The
association between blood suPAR and the primary outcome of disease-free (i.e., absence of incident disease and
mortality) within 1-year follow-up was analysed with logistic regression analysis.
Results: Of 1583 patients included, 349 (22.0%) were diagnosed with cancer, 837 (52.9%) with non-malignant
disease, and 392 (25.8%) were disease-free within one year. Admission suPAR was significantly lower in disease-
free patients compared to patients with cancer or non-malignant disease (P < 0.001), area under the curve 0.67
(95% confidence interval (CI): 0.64–0.70). The highest positive predictive value (PPV) for the outcome of dis-
ease-free was 0.55 (95% CI: 0.41–0.68) at a suPAR of 1.65 ng/mL. Patients who died had significantly higher
suPAR compared to patients who survived in all disease subgroups. The AUC of suPAR for 1-year mortality was
0.80 (95% CI: 0.77–0.83).
Conclusions: suPAR was significantly lower in disease-free individuals compared to patients with cancer or other
conditions, but the PPV was not sufficiently high to terminate further clinical investigation with appropriate
safety. Elevated suPAR may be a useful prognostic marker for adverse outcomes.

https://doi.org/10.1016/j.clinbiochem.2020.06.001
Received 18 March 2020; Received in revised form 21 May 2020; Accepted 1 June 2020

Abbreviations: AUC, area under the curve; CI, confidence interval; CRP, C-reactive protein; CVD, cardiovascular disease; DOC, Diagnostic Outpatient Clinic; ESR,
erythrocyte sedimentation rate; ICD-10, International Classification of Diseases, 10th edition; IQR, interquartile range; LDH, lactate dehydrogenase; NMD, non-
malignant disease; NPR, National Patient Registry; NPV, negative predictive value; NSSC, nonspecific symptoms and signs of cancer; OR, odds ratio; PPV, positive
predictive value; ROC, receiver operating characteristics; SD, standard deviation; suPAR, soluble urokinase plasminogen activator receptor; WBC, white blood cell
count

⁎ Corresponding author at: Clinical Research Centre, Copenhagen University Hospital Amager and Hvidovre, Kettegaard Allé 30, DK-2650 Hvidovre, Denmark.
E-mail address: line.jee.hartmann.rasmussen@regionh.dk (L.J.H. Rasmussen).

1 These authors contributed equally to this work.

Clinical Biochemistry 84 (2020) 31–37

Available online 03 June 2020
0009-9120/ © 2020 The Authors. Published by Elsevier Inc. on behalf of The Canadian Society of Clinical Chemists. This is an open access article under the CC 
BY-NC-ND license (http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/00099120
https://www.elsevier.com/locate/clinbiochem
https://doi.org/10.1016/j.clinbiochem.2020.06.001
https://doi.org/10.1016/j.clinbiochem.2020.06.001
mailto:line.jee.hartmann.rasmussen@regionh.dk
https://doi.org/10.1016/j.clinbiochem.2020.06.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clinbiochem.2020.06.001&domain=pdf


1. Introduction

Early diagnosis of cancer is essential, as survival decreases with the
length of the diagnostic interval and increasing cancer stage at the time
of diagnosis. [1–2] A subgroup of patients with incident cancer debuts
with different serious nonspecific symptoms and signs of cancer (NSSC),
e.g., anaemia, diffuse pain in abdomen or bones, fatigue, or weight loss.
[3]

In Denmark, patients with suspected cancer, based on NSSC without
organ-specific manifestations, are referred to fast-track Diagnostic
Outpatient Clinics (DOCs). [3–4] Here, the patients undergo an ac-
celerated cancer diagnostics program, aiming for a final diagnosis
within 22 days. The initial examination includes standard blood tests,
clinical examination, and, in most cases, imaging. [5] The patients with
NSSC represent a very heterogeneous group, who are diagnosed with a
wide range of conditions, including cancer (16–20%) and other non-
malignant diseases. In addition, a significant number of patients
(24–30%) have no detectable disease and leave the DOC without a
specific diagnosis. [3,5–6] Accurate first-line diagnostics in the DOC
and similar settings are important to ensure that the diagnostic program
is not wrongfully terminated in patients with unrecognized disease or
cancer. Moreover, the diagnostic program should correctly identify
patients free of disease, in order to avoid putting patients at un-
necessary risk of adverse events in relation to invasive diagnostic pro-
cedures or excess radiation, and to minimize the use of resources spent
on futile clinical investigations in patients without disease.

In a previous pilot study of biomarkers in 197 patients from the
DOC, [6] we found soluble urokinase plasminogen activator receptor
(suPAR) to be a good candidate for use in the DOC, as suPAR was
elevated not only in patients diagnosed with cancer but also in patients
with non-malignant disease compared to patients with no abnormalities
detected. suPAR is a marker of chronic inflammation and organ da-
mage; its blood concentration increases with immune activation and
presence or progression of many different diseases, including several
types of cancer. [7–15] Moreover, high suPAR is associated with all-
cause mortality [16] and poor overall survival in cancer patients. [17]

Based on our previous findings, we hypothesized that suPAR is
elevated in patients with incident and treatment-demanding ill-
ness—non-malignant as well as cancer—and that low suPAR can aid in
the identification of disease-free individuals in the DOC, thereby sup-
porting the decision to terminate the diagnostic program after initial
blood analysis and clinical examination. Therefore, we investigated if
suPAR could be used to identify disease-free patients, including safely
ruling out cancer in a cohort of NSSC patients referred to the DOC.

2. Material and methods

2.1. Setting and design

This was a prospective cohort study using archived blood samples
[18] from consecutively admitted patients examined in the DOC at
Copenhagen University Hospital Amager and Hvidovre, Hvidovre,
Denmark, from March 9, 2012, to May 31, 2015. At the first visit to the
DOC (i.e., the index visit), blood samples were drawn and stored in a
biobank at −80 °C. suPAR was analysed in these blood samples in
2017, and patients were followed in national registries for one year.
Inclusion criteria were I) referral to the DOC, II) blood samples drawn
at first visit, and III) written informed consent. Exclusion criteria were
I) lack of informed consent or II) lack of suPAR results. Reasons for
referral has previously been described. [5–6] In brief, patients were
referred on suspicion of serious illness or metastasis without a con-
firmed primary tumour, based on one or more of the following symp-
toms: malaise, severe tiredness, unintentional weight loss, fever of
unknown cause, uncharacteristic abdominal pain for > 4 weeks,
anaemia, abnormal laboratory tests, diffuse bone pain, enlarged lymph
nodes, or increase in drug usage or health service seeking behaviour. At

the DOC, all patients had a full clinical examination, including a thor-
ough evaluation of their medical history and standard blood tests, urine
and fecal test, ECG, chest x-ray and ultrasound of the abdomen, in ac-
cordance with the Danish national guidelines [19]. A CT scan of thorax
and abdomen was performed in ~ 95% of patients.

2.2. Measurements

Plasma or serum suPAR levels (ng/mL) were analysed with the
suPARnostic AUTO Flex ELISA (Cat. # E001; ViroGates A/S, Birkerød,
Denmark) according to the manufacturer’s instructions (intraassay
variation 6%), blinded to endpoints. Standard blood tests (albumin, C-
reactive protein (CRP), erythrocyte sedimentation rate, haemoglobin,
lactate dehydrogenase, white blood cell count) were routinely analysed
on the day of inclusion at the Department of Clinical Biochemistry.

2.3. Data

Using each patient’s unique personal identification number, data on
suPAR were combined with standard blood test results, extracted from
the electronic records of the Department of Clinical Biochemistry
(“LABKA”), and with information on all diagnoses recorded for the past
10 years and during 1-year follow-up obtained from the National
Patient Registry (NPR) and the Danish Cancer Registry (coded by the
attending physician according to the International Classification of
Diseases, 10th edition; ICD-10). The NPR contains information on all
hospital admissions and outpatient visits. [20] The Cancer Registry
contains information on registered cancers. [21] Information on mor-
tality was obtained from the Danish Civil Registration System.

The Charlson score was calculated based on the patients’ comorbid
conditions with a SAS macro (developed by Ken Turner and Charles
Burchill) as previously described, [22] using all diagnoses registered in
the NPR from the preceding 10 years. The Charlson macro was used to
identify patients’ chronic conditions within 17 comorbidity groups,
comparing diagnoses given before and after the index visit.

Patients were considered disease-free at the end of follow-up if they
I) were not diagnosed with cancer or new (not previously registered)
chronic diseases during 1-year follow-up, II) did not die during 1-year
follow-up, and III) did not have any diagnoses registered at the end of
the index visit or after 30-day follow-up, except for ICD-10 R- (R00-
R99: Symptoms, signs and abnormal clinical and laboratory findings,
not elsewhere classified) and Z diagnoses (Z00-Z99: Factors influencing
health status and contact with health services).

2.4. Outcomes

The primary outcome was absence of incident disease and mortality
(disease-free) within 1-year follow-up. Secondary outcomes were ma-
lignant or non-malignant diagnoses at 30 days and 1-year follow-up,
and all-cause mortality at 1-year follow-up.

2.5. Statistical analysis

Continuous data are presented as mean (standard deviation; SD) or
median (interquartile range; IQR). Categorical data are presented as n
(%). Baseline characteristics were compared using student’s t-test or
Wilcoxon’s test for continuous variables and Chi-square for categorical
variables. Associations with outcomes were assessed using logistic re-
gression models and receiver operating characteristics (ROC) curve
analyses with area under the curve (AUC). Regression models were
adjusted for age, sex, Charlson score, and CRP. Positive predictive value
(PPV), negative predictive value (NPV), sensitivity, and specificity were
calculated at multiple suPAR cut-offs (1.5, 2.5, 3.5, 4.5, 5.5 ng/mL) and
the Youden index. [23] Survival analysis was done using Kaplan-Meier
statistics. A P Value < 0.05 was statistically significant. With a po-
pulation of 1,600 the study had a power of 90% to detect a difference in
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the suPAR level of 1 ng/mL between patients with and without cancer

2.6. Ethical considerations

All patients gave written informed consent and the study complied
with the Declaration of Helsinki. The study protocol and analysis plan
was pre-approved by the Scientific Ethics Committee of the Capital

Region of Denmark (protocol no. H-16035894). All processing of data
followed national guidelines and was approved by the Danish Data
Protection Agency (AHH-2016–061, I-suite 04907).

3. Results

The final study population included 1,583 patients (54% female;

Fig. 1. Flow-chart for the study population.

Table 1
Patient characteristics for the total patient population, patients with a final diagnosis of malignant or non-malignant disease, and disease-free patientsa.

Total Disease/Event No disease or death P Values

All Cancer Non-malignant
disease

vs. All vs. Cancer vs. NMD

n (%) 1,583 (100) 1,191 (75.2) 349 (22.0) 837 (52.9) 392 (24.8)
Follow-up, days, mean

(SD)
338 (81) 330 (91) 276 (128) 353 (56) 365 (0)

Sex, n (%)
Female 854 (53.9) 637 (74.6) 174 (20.4) 460 (29.1) 217 (25.4)
Male 729 (46.1) 554 (76.0) 175 (24.0) 377 (51.7) 175 (24.0) 0.52 0.13 0.90
Age, years, mean (SD) 62.3 (15.9) 64.5 (15.1) 69.4 (11.5) 62.3 (16.0) 55.7 (16.3) < 0.0001 <0.0001 <0.0001
Previous cancer, n (%)
No 1,223 (77.3) 884 (72.3) 157 (12.8) 722 (59.0) 339 (27.7)
Yes 360 (22.7) 307 (85.3) 192 (53.3) 115 (32.0) 53 (14.7) < 0.0001 <0.0001 0.92
Charlson score, n (%)
Charlson score 0–1 1,275 (80.5) 941 (73.8) 261 (20.5) 676 (53.0) 334 (26.2)
Charlson score > 1 308 (19.5) 250 (81.2) 88 (28.6) 161 (52.3) 58 (18.8) 0.0072 0.0004 0.058
Biochemistry, median

(IQR)
Albumin (g/l) 38 (34–40)

(n = 1,489)
37 (34–40)
(n = 1,125)

36 (32–39)
(n = 327)

37 (34–40)
(n = 793)

39 (36–41)
(n = 364)

< 0.0001 <0.0001 <0.0001

CRP (mg/l) 3 (1–10) (n = 1,479) 3 (1–13) (n = 1,116) 9 (3–43) (n = 323) 2 (1–8) (n = 788) 2 (0.3–4) (n = 363) < 0.0001 <0.0001 <0.0001
ESR (mm) 13 (6–30)

(n = 1,442)
15 (7–34)
(n = 1,087)

25 (12–53)
(n = 314)

12 (6–28)
(n = 768)

7 (4–17) (n = 355) < 0.0001 <0.0001 <0.0001

Haemoglobin (mmol/l) 8.2 (7.4–8.9)
(n = 1,491)

8.1 (7.2–8.8)
(n = 1,126)

7.9 (7.0–8.6)
(n = 328)

8.2 (7.3–8.8)
(n = 793)

8.5 (7.9–9.2)
(n = 365)

< 0.0001 <0.0001 <0.0001

LDH (IU/l) 166 (146–195)
(n = 1,452)

168 (147–201)
(n = 1,097)

175 (153–235)
(n = 321)

165 (145–190)
(n = 771)

163 (145–182)
(n = 355)

0.0001 <0.0001 0.029

WBC count (109/l) 7.5 (6.1–9.3)
(n = 1,489)

7.7 (6.2–9.5)
(n = 1,125)

8.2 (6.6–10.0)
(n = 327)

7.5 (6.0–9.1)
(n = 793)

7.1 (5.8–8.5)
(n = 364)

< 0.0001 <0.0001 0.016

suPAR (ng/mL) 3.4 (2.5–4.7) 3.6 (2.7–5.1) 4.3 (3.2–5.9) 3.4 (2.5–4.7) 2.8 (2.2–3.6) < 0.0001 <0.0001 <0.0001

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IQR, interquartile range; LDH, lactate dehydrogenase; NMD, non-malignant disease; SD,
standard deviation; suPAR, soluble urokinase plasminogen activator receptor; WBC, white blood cell.

a n is added in parentheses for variables with missing values. Comparison was performed using Chi-square test, t-test, and Wilcoxon test.
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mean age 62.3 years) (Fig. 1)
Patient characteristics are presented in Table 1. A total of 349

(22.0%) patients were diagnosed with cancer, 837 (52.9%) were di-
agnosed with other non-malignant disease, and five patients (0.3%)
died without a recorded diagnosis. Of the patients with cancer, 79 were
diagnosed with lung cancer, 37 with colorectal cancer, 31 with B-cell
lymphoma, 29 with breast cancer, 25 with prostate cancer, 12 with
pancreatic cancer, 8 with malignant melanoma, 7 with bladder cancer,
and 133 with other malignant diagnoses. For the patients with non-
malignant disease, the following diagnoses had been given at 30 days:
infections (n = 96), endocrine- (n = 203), gastrointestinal- (n = 168),
cardiovascular- (n = 155), hepatic- (n = 25), pulmonary- (n = 97), or
inflammatory diseases (n = 114). Death from all causes occurred in
178 patients (11.2%) within 1-year follow-up. Thus, a total of 392
(24.8%) patients were identified as disease-free (no new diagnoses or
death) within 1-year follow-up from the index visit.

The excluded patients represent an entirely different patient group.
In comparison only 18/477 (3.8%) had cancer within 30 days and 383/
477 (80.3%) were healthy compared to the included patients where
cancer was present in 22.0% and 24.8% were healthy, P < 0.001.

The plasma levels of all blood tests were significantly different
across the groups (Table 1). Disease-free patients had significantly
lower suPAR compared to patients with malignant or non-malignant
disease (P < 0.001; Table 1, Fig. 2A). Additionally, patients who died
had significantly higher suPAR compared to patients who survived in
all disease subgroups (Fig. 2B).

In logistic regression analyses adjusted for age, sex, Charlson score,
and CRP, the following variables remained significantly associated with
the outcome of disease-free (no new diagnoses or death): age, previous
cancer, albumin, CRP, haemoglobin, erythrocyte sedimentation rate,
lactate dehydrogenase, white blood cell count, and suPAR (Fig. 3).

The AUC of suPAR was 0.67 (95% confidence interval (CI):
0.64–0.70) for discriminating between disease-free patients and pa-
tients with disease (Fig. 4). The highest PPV for the outcome of disease-
free (no new diagnoses or death within one year) was obtained at a
suPAR level of 1.65 ng/mL, 0.55 (95% CI: 0.41–0.68), with specificity
of 0.98 (95% CI: 0.97–0.99), sensitivity of 0.08 (95% CI: 0.06–0.11),
and NPV of 0.76 (95% CI: 0.74–0.79). The highest NPV for the outcome
of disease-free was obtained at a suPAR level of 10.2 ng/mL, 0.96 (95%
CI: 0.87–0.99), with sensitivity of 0.99 (95% CI: 0.99–1.00), specificity
of 0.04 (95% CI: 0.03–0.05), and PPV of 0.25 (95% CI: 0.23–0.28).

Regarding the ability of discriminating on presence of malignant
disease at 1-year follow-up, the AUC of suPAR was 0.68 (95% CI:
0.64–0.71) (at 1.65 ng/mL; PPV: 0.23, 95% CI: 0.21–0.25; specificity:
0.04, 95% CI: 0.03–0.06; sensitivity: 0.99, 95% CI: 0.98–1.00; NPV
0.95, 95% CI: 0.86–0.99). Specificity, sensitivity, NPV, and PPV at
different thresholds are displayed in Table 2.

The AUC of suPAR for 1-year mortality was 0.80 (95% CI:
0.77–0.83) (at 1.65 ng/mL; PPV: 0.12, 95% CI: 0.10–0.14; specificity:
0.04, 95% CI: 0.03–0.06; sensitivity: 0.99, 95% CI: 0.98–1.00; NPV
0.98, 95% CI: 0.98–1.00).

4. Discussion

In patients with NSSC, examined at a Danish DOC on suspicion of
cancer or other serious illness, approximately 25% were disease-free
and remained so for one year. The biomarker suPAR was significantly
lower in disease-free individuals compared to patients diagnosed with
cancer or other conditions, but the PPV was not sufficiently high to
terminate further clinical investigation with appropriate safety.

Patients with NSSC presenting at DOCs and similar diagnostic pro-
grams pose a diagnostic challenge, as these patients suffer from a wide
range of conditions ranging from common infections to malignant
disease. Strategies including imaging or use of new or routine bio-
markers with strong prognostic and diagnostic abilities can translate
into improved and accelerated diagnostics, which in turn can benefit
both severely ill patients as well as disease-free individuals. Our data
support previous findings [5–6] that the majority of patients with NSSC
have a variety of diseases present at referral; a comprehensive diag-
nostic approach is required to examine these patients. The current set-
up in Danish DOCs uses a substantial amount of resources as all patients
receive the same standardized diagnostic program to achieve a high
degree of diagnostic certainty. This entails use of a large battery of
different diagnostic tests to catch most serious medical conditions. In
contrast, improved early identification of patients with very low risk of
suffering from disease, using a smaller diagnostic program consisting of
few selected blood samples, could potentially make imaging redundant
in some patients. This would save some patients for exposure to po-
tentially harmful radiation and reduce resources spent.

We hypothesized that suPAR could aid in the identification of dis-
ease-free patients and found suPAR to be significantly lower in patients
free of disease or death at 1-year follow-up. Moreover, in adjusted
analyses, high suPAR was associated with lower chances of being dis-
ease-free. However, the PPV for suPAR for being disease-free was very
low, indicating that suPAR cannot be used as a single biomarker to
terminate the diagnostic program prematurely with sufficient diag-
nostic safety (only 8% of disease-free patients had suPAR below the
optimal threshold).

Our findings here support those of our pilot study, showing that
high suPAR is associated with incident cancer or other non-malignant
disease in patients from the DOC, [1] suggesting that suPAR has po-
tential use in cancer diagnostic programs. Therefore, research in de-
fining a clinical cut-off for suPAR as a supporting tool to avoid termi-
nation of the diagnostic program of patients with cancer from the DOC
might aim at high sensitivity, i.e., correct identification of patients with
cancer (as high sensitivity gives fewer false negatives), and high NPV,
rather than high specificity and PPV.

Fig. 2. suPAR is elevated in patients with malignant or non-malignant disease
and in patients who died. Boxplot of suPAR levels stratified by 1-year mortality
for A) total population (dead/all: n = 178/1,583, 11.2%), patients with cancer
(dead/all:133/349, 38.1%), patients with non-malignant disease (NMD; dead/
all: n = 40/837, 4.8%), or disease-free (no new diagnoses or death) individuals
(dead/all: n = 0/392, 0%); or B) patients with non-malignant diagnoses at
30 days, i.e., infections (dead/all: n = 8/96, 8.3%), endocrine- (dead/all:
n = 14/203, 6.9%), gastrointestinal- (dead/all: n = 12/168, 7.1%), cardio-
vascular- (dead/all: n = 13/155, 8.4%), hepatic- (dead/all: n = 2/25, 8%),
pulmonary- (dead/all: n = 14/97, 14.4%), or inflammatory diseases (dead/all:
n = 6/114, 5.3%). P < 0.001 for Wilcoxon test between survivors and non-
survivors in all subgroups. CVD, cardiovascular disease.
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Similar to other studies, [17,24], we found suPAR to be elevated at
the index visit among patients who died during follow-up. This was
observed for malignant and non-malignant diseases and was in-
dependent of disease subgroup. Despite the low PPV for identifying
disease-free individuals, our results indicate that suPAR is associated
with incident disease and mortality in patients with non-specific
symptoms.

Future research should focus on developing a first-visit multi-
marker risk model, combining biomarkers and clinical features, in order
to easily and safely rule out disease and avoid discharge of patients with
serious illness and reduce unnecessary diagnostic procedures. However,
before a new risk stratification model can be considered for im-
plementation in clinical use, it must first be developed, validated, and
tested prospectively in different cohorts of NSSC patients.

5. Strengths and limitations

We have used a thoroughly examined consecutive cohort of het-
erogeneous patients. The study fulfil the requirements for study design,
conduct, analysis, and evaluation set out by Simon et al. [18], in that 1)
the sample size was based on a power calculation to ensure adequate
statistical power; 2) patients were prospectively and consecutively in-
cluded, ensuring a highly representative sample of patients in the DOC;
3) the ELISA assay used is CE-IVD approved and validated for use with
archived blood samples [6,11,14–15]; 4) the protocol and statistical
analysis plan was pre-approved by the Ethics Committee before suPAR
was analysed; and 5) these results validate findings using the same
assay in other studies. We had access to the comprehensive Danish
registries allowing for a full past medical history and no loss to follow-
up. The diagnoses in the NPR have high validity with a minimal risk of
misdiagnosis. [25] Further, we had blood test results from most of the

Fig. 3. Odds ratios for the outcome of disease-free for standard prognostic markers, routine blood tests, and suPAR. Forest plot displaying unadjusted and adjusted
odds ratios with 95% confidence intervals (CIs) for the outcome disease-free (no new diagnoses or death) within 1-year follow-up. Adjustments were made for age,
sex, Charlson score, and CRP. ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase; WBC, white blood cell count.

Fig. 4. Predictive ability of suPAR for discriminating between disease-free pa-
tients and patients with disease. ROC curve for suPAR for predicting the out-
come of disease-free. AUC, area under the curve; ROC, receiver operating
characteristics; suPAR, soluble urokinase plasminogen activator receptor.
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included patients. There were no additional cancers found during
follow-up in the registries, demonstrating an efficient and safe diag-
nostic program at the DOC.

However, we only had access to patients from one centre, limiting
generalisability, and no repeated blood samples. Patients with missing
blood samples were excluded, and we do not have follow-up data on
these patients. As the study is register-based, we lack information on
diet, weight, and smoking, which are confounders of suPAR. [26]
Furthermore, our results demonstrate small differences in the suPAR
levels among survivors and non-survivors as well as between patients
with and without disase, making clinical use challenging. Despite these
limitations, this is, to the best of our knowledge, the largest study to
examine suPAR levels in patients suspected of having a malignant
disease.

6. Conclusions

Among patients with NSSC referred to a DOC, the biomarker suPAR
was significantly lower in disease-free patients compared to patients
with cancer or non-malignant disease. However, no cut-off could be
established where suPAR had sufficiently high predictive value in
ruling out disease in these patients. Elevated suPAR may be a useful
prognostic marker for disease and adverse outcomes in patients with
NSSC.
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