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Abstract
Background: This study aimed to explore the potential of soluble urokinase plasmi-
nogen	activator	receptor	(suPAR)	as	a	biomarker	for	severe	acute	pancreatitis	(SAP)	
risk	prediction	and	disease	management	in	SAP	patients.
Methods: Totally	225	acute	pancreatitis	(AP)	patients	(including	75	SAP,	75	moder-
ate-severe	acute	pancreatitis	[MSAP],	and	75	mild	acute	pancreatitis	[MAP]	patients)	
were	 recruited	 based	 on	 the	Atlanta	 classification,	 and	 their	 serum	 samples	were	
obtained	within	24	hours	after	admission.	Meanwhile,	75	health	controls	(HCs)	were	
recruited	with	 their	 serum	samples	collected	at	 the	enrollment.	The	serum	suPAR	
was then detected using enzyme-linked immunosorbent assay.
Results: The	suPAR	 level	was	 increased	 in	SAP	patients	compared	with	MSAP	pa-
tients (P	=	 .023),	MAP	patients	 (P	<	 .001),	 and	HCs	 (P	<	 .001).	Receiver	operating	
characteristic	 (ROC)	 curve	presented	 that	 suPAR	could	not	only	differentiate	SAP	
patients	 from	 HCs	 (AUC:	 0.920,	 95%CI:	 0.875-0.965)	 but	 also	 differentiate	 SAP	
patients	 from	MSAP	 (AUC:	 0.684,	 95%CI:	 0.600-0.769)	 and	MAP	 patients	 (AUC:	
0.855,	95%CI:	0.797-0.912).	 In	SAP	patients,	suPAR	was	positively	correlated	with	
Ranson score (P	<	.001),	acute	physiology	and	chronic	healthcare	evaluation	II	score	
(P	=	.001),	sequential	organ	failure	assessment	score	(P	<	.001),	and	C-reaction	pro-
tein (P	=	.002).	Further	ROC	curve	exhibited	that	suPAR	(AUC:	0.806,	95%CI:	0.663-
0.949)	was	of	good	value	in	predicting	increased	inhospital	mortality	of	SAP	patients.
Conclusion: Soluble urokinase plasminogen activator receptor is of good predictive 
value	for	SAP	risk	and	may	serve	as	a	potential	biomarker	for	disease	severity,	inflam-
mation,	and	inhospital	mortality	in	SAP	patients.
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1  | INTRODUC TION

Acute	 pancreatitis	 (AP),	 one	 of	 the	most	 common	 gastrointestinal	
diseases, is a rapidly developing inflammatory process of the pan-
creas, which can cause local injury, systemic inflammatory response 
syndrome	 (SIRS),	 and	 organ	 failure.1	 The	 global	 incidence	 of	 AP	
ranges from 5 to 30 cases per 100 000 individuals per year and is 
still increasing in recent years.2	Although	the	majority	of	AP	cases	
are	mild	and	with	acceptable	prognosis,	 approximately	20%	of	AP	
patients	 develop	moderate-to-severe	AP	 (MSAP)	 and	 even	 severe	
AP	(SAP),	who	present	with	severe	local	or	systemic	complications	
and poor prognosis.3,4 Therefore, it is of significant importance to 
explore	novel	biomarkers	which	can	identify	SAP	risk,	monitor	dis-
ease condition, and predict prognosis, which thereby improve clini-
cal	outcomes	and	optimize	therapy	effect	in	SAP	patients.

Urokinase	 plasminogen	 activator	 receptor	 (uPAR)	 is	 a	 mem-
brane-bound receptor that mainly expresses on immunologically active 
cell membrane and participates in various physiological and pathological 
processes, such as inflammation and immune responses.5,6	Circulating	
suPAR	originates	from	shedding	of	the	uPAR	and	expressed	on	a	variety	
of cells, such as neutrophils, lymphocytes, macrophages, and endothe-
liocytes.7	Emerging	evidence	indicates	that	suPAR	is	involved	in	various	
biological functions, including cell adhesion, migration, and chemotaxis, 
and its increased level is associated with poor clinical outcomes in var-
ious	 inflammatory	diseases,	 such	as	 sepsis,	 bacteremia,	 and	SIRS.7-12 
In	addition,	excessive	inflammation	cytokine	production	activates	the	
coagulation	system,	which	further	promotes	the	expression	of	suPAR,	
and	suPAR	may	serve	as	a	diagnostic	and	prognostic	biomarker	in	these	
diseases.5,13	As	for	the	role	of	suPAR	in	SAP,	only	one	previous	study	
with	a	small	sample	size	reports	that	suPAR	may	serve	as	a	biomarker	
for	disease	severity	and	risk	of	severe	complications	in	SAP	patients;	
however,	in	this	previous	study,	MSAP	patients	are	not	separately	clas-
sified,	and	SAP	patients	recruited	are	with	advanced	disease	severity,	
and the sample size is small.14	Therefore,	the	ability	of	suPAR	in	predict-
ing	SAP	risk	and	prognosis	needs	further	exploration.

In	the	present	study,	we	determined	suPAR	level	 in	75	SAP,	75	
MSAP,	75	mild	AP	(MAP)	patients,	and	75	healthy	controls	(HCs)	and	
aimed	to	investigate	the	value	of	suPAR	in	predicting	SAP	suscepti-
bility,	as	well	as	to	further	explore	the	potential	of	suPAR	as	a	bio-
marker	for	SAP	management	and	prognosis	prediction.

2  | MATERIAL S AND METHODS

2.1 | Participants

From	January	2016	to	December	2018,	75	SAP	patients,	75	MSAP	pa-
tients,	and	75	MAP	patients	treated	in	The	First	Affliated	Hospital	of	
Harbin	Medical	University	were	consecutively	enrolled	in	this	study.	
All	 patients	were	 diagnosed	 as	 AP	 according	 to	 the	 2012	 revision	
of	 the	Atlanta	 classification	 and	definitions	 of	 acute	 pancreatitis,15 
with	age	above	18	years.	The	SAP	patients	were	defined	as	AP	pa-
tients who presented with persistent organ failure >48 hours (single 

organ	failure	or	multiple	organ	failure).	The	MSAP	patients	were	de-
fined	as	AP	patients	who	met	at	least	one	of	the	following	items:	a)	
organ	failure	that	resolves	within	48	hours	(transient	organ	failure);	
b)	 local	or	 systemic	 complications	without	persistent	organ	 failure;	
the	MSAP	patients	were	defined	as	AP	patients	who	had	no	organ	
failure and no local or systemic complications. The exclusion criteria 
were	as	follows:	(a)	accompanied	with	pancreatic	carcinoma	or	chol-
angiocarcinoma;	(b)	asthma,	inflammatory	bowel	disease,	arthritis,	or	
other	chronic	inflammatory	diseases;	(c)	serious	infection	(human	im-
munodeficiency	virus);	(d)	history	of	hematological	disorders	or	other	
malignancies;	(e)	pregnant	or	lactating	woman.	In	addition,	75	healthy	
age- and sex-matched subjects who underwent physical examination 
at	The	First	Affliated	Hospital	of	Harbin	Medical	University	were	con-
secutively	enrolled	as	HCs,	between	January	2019	and	March	2019.	
All	HCs	had	no	history	of	pancreatic	or	bile	duct	diseases	or	other	
obvious abnormalities by physical examination.

2.2 | Ethics approval

This	 study	 was	 approved	 by	 the	 Ethics	 Committee	 of	 The	 First	
Affliated	Hospital	of	Harbin	Medical	University	and	was	conducted	
according	to	the	Declaration	of	Helsinki.	All	participants	signed	the	
informed consents before enrollment.

2.3 | Collection of basic characteristics and 
blood samples

After	the	confirming	the	eligibility	of	AP	patients,	the	demographic	
and clinical characteristics were collected including age, gender, eti-
ology	of	AP	(biliary	acute	pancreatitis	(BAP),	alcohol-induced	acute	
pancreatitis	(AAP),	hypertriglycemic	acute	pancreatitis	(HTGAP),	or	
others),	and	C-reaction	protein	(CRP).	And	the	Ranson	score,	Acute	
Physiology	 and	 Chronic	 Health	 Evaluation	 (APACHE)	 II	 score	 and	
sequential	 organ	 failure	 assessment	 (SOFA)	 score	were	 calculated	
based	on	biochemical	indexes	and	clinical	symptoms.	Meanwhile,	the	
demographic	characteristics	(age	and	gender)	of	HCs	were	recorded	
at	 physical	 examination.	 Peripheral	 blood	 samples	 of	 AP	 patients	
were collected within 24 hours after enrollment, and peripheral 
blood	samples	of	HCs	were	collected	on	the	enrollment;	then,	the	
serum was isolated from peripheral blood samples by centrifugation, 
at	the	condition	of	2000	×	g,	10	minutes	(4°C).	After	separation,	the	
serum	was	stored	at	−80°C	until	determination.

2.4 | Measurement of suPAR

The	levels	of	serum	suPAR	in	AP	patients	and	HCs	were	determined	
by	 Enzyme-linked	 immunosorbent	 assay	 (ELISA)	 with	 Human	 su-
PARnostic	AUTO	Flex	enzyme-linked	immunosorbent	assay	(ELISA)	
Kit	(ViroGates,	Blokken),	which	were	ready-to-use,	according	to	the	
instructions	of	manufacturer.	 In	brief,	 firstly,	samples	or	standards	
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were	 added	 to	 the	 96-well	 plate,	 followed	 by	 the	 antibody	 mix.	
After	incubation,	the	wells	were	washed	to	remove	unbound	mate-
rial.	 Tetramethylbenzidine	 (TMB)	 substrate	 (tetramethylbenzidine,	
TMB)	was	added,	generating	blue	coloration.	This	reaction	was	then	
stopped by addition of Stop Solution completing any color change 
from blue to yellow. Signal was generated proportionally to the 
amount	of	bound	analyte	(Biotek),	and	the	intensity	was	measured	
at	450	nm.	Each	reaction	was	run	in	triplicate	by	the	same	operator.	
The plates were run on the same kit lot. Standard curves were pre-
pared before the antibody reaction.

2.5 | Treatment and follow-up

The	AP	patients	 received	 appropriate	 treatments	 based	 on	 the	 eti-
ology of pancreatitis and usual practice of the hospital according to 
American	 College	 of	 Gastroenterology	 guideline:	 management	 of	
acute pancreatitis.1	 For	 SAP	 patients,	 intensive	 follow-up	was	 con-
ducted during hospital treatment, which was continued until the pa-
tients	died	in	hospital	or	were	discharged	from	hospital.	At	the	same	
time,	inhospital	mortality	of	SAP	patients	was	documented;	then,	the	
SAP	patients	were	further	divided	into	inhospital	deaths	and	survivors.

2.6 | Statistical analysis

All	the	statistical	analyses	were	performed	using	SPSS	24.0	statis-
tical	 software	 (SPSS	 Inc.),	 and	 figures	were	made	using	GraphPad	
Prism	7.00	software	(GraphPad	Software	Inc).	Continuous	variables	

were	presented	as	mean	±	 standard	deviation	 (SD)	or	median	and	
interquartile	 range	 (IQR);	 categorical	 variables	 were	 presented	 as	
count	(percentage).	Comparisons	of	demographic	and	clinical	char-
acteristics among different subjects were carried out by one-way 
analysis	of	variance	 (ANOVA),	 chi-square	 test,	or	Kruskal-Wallis	H	
rank	sum	test.	The	comparisons	of	suPAR	level	between	SAP	group	
and other groups were conducted by Benjamini-Krieger-Yekutieli 
test.	The	difference	of	suPAR	level	between	inhospital	deaths	and	
survivors	was	determined	by	Wilcoxon	rank	sum	test.	Correlation	of	
suPAR	with	Ranson	score,	APACHE	II	score,	SOFA	Score,	and	CRP	
was analyzed using Spearman's rank correlation test. Receiver oper-
ating	characteristic	(ROC)	curves	were	plotted,	and	the	area	under	
the	 curve	 (AUC)	with	 95%	 confidence	 interval	 (CI)	was	 calculated	
to	assess	the	ability	of	suPAR	in	discriminating	different	subjects	or	
discriminating inhospital deaths and survivors. P value <.05 was con-
sidered significant.

3  | RESULTS

3.1 | Demographic and clinical characteristics

The	mean	 age	 of	 SAP	 patients	 (N	 =	 75),	MSAP	 patients	 (N	 =	 75),	
MAP	 patients	 (N	 =	 75),	 and	HCs	 (N	 =	 75)	was	 59.9	 ±	 13.6	 years,	
56.6	 ±	 13.3	 years,	 56.2	 ±	 12.9	 years,	 and	 58.9	 ±	 13.3	 years,	 re-
spectively	 (Table	1).	 There	were	46	 (61.3%)	males	 and	29	 (38.7%)	
females	 in	SAP	patients,	50	 (66.7%)	males	and	25	 (33.3%)	females	
in	MSAP	patients,	44	(58.7%)	males	and	31	(41.3%)	females	in	MAP	
patients,	and	40	(53.3%)	males	and	35	(46.7%)	females	in	HCs.	No	

TA B L E  1   Demographic and clinical characteristics of participants

Items SAP (N = 75) MSAP (N = 75) MAP (N = 75) HCs (N = 75) P value

Age	(y),	mean	±	SD 59.9	±	13.6 56.6	±	13.3 56.2	±	12.9 58.9 ± 13.3 .248

Gender,	No.	(%)

Male 46	(61.3) 50	(66.7) 44	(58.7) 40	(53.3) .409

Female 29	(38.7) 25	(33.3) 31	(41.3) 35	(46.7)

Etiology,	No.	(%)

BAP 41	(54.7) 34	(45.3) 31	(41.3) – .703

AAP 7	(9.3) 7	(9.3) 6	(8.0) –

HTGAP 19	(25.3) 26	(34.7) 29	(38.7) –

Others 8	(10.7) 8	(10.7) 9	(12.0) –

Ranson score, mean ± SD 3.7 ± 1.0 1.8 ± 0.7 1.1 ± 0.4 – <.001

APACHE	II	score,	
mean ± SD

14.3	±	6.3 6.7	±	3.2 4.1 ± 2.0 – <.001

SOFA	score,	mean	±	SD 6.6	±	2.0 4.3 ± 1.4 2.0	±	0.6 – <.001

CRP	(mg/L),	median	(IQR) 138.6	(95.5-171.2) 92.2	(61.6-122.7) 36.2	(23.9-50.9) – <.001

Antibiotics	treatment,	No.	
(%)

56	(74.7) 59	(78.7) 61	(81.3) – .610

Note: Comparison	was	determined	by	one-way	analysis	of	variance	(ANOVA),	chi-square	test,	or	Kruskal-Wallis	H	rank	sum	test.
Abbreviations:	AAP,	alcohol-induced	acute	pancreatitis;	APACHE	II,	Acute	Physiology	and	Chronic	Health	Evaluation	II;	BAP,	biliary	acute	
pancreatitis;	CRP,	C-reaction	protein;	HCs,	healthy	controls;	HTGAP,	hypertriglycemic	acute	pancreatitis;	MAP,	mild	acute	pancreatitis;	MSAP,	
moderate-severe	acute	pancreatitis;	SAP,	severe	acute	pancreatitis;	SD,	standard	deviation;	SOFA,	sequential	organ	failure	assessment.
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difference of age (P	=	.248)	or	gender	(P = .409)	was	observed	among	
SAP,	MSAP,	MAP	patients,	and	HCs.	In	all	AP	patients,	Ranson	score	
(P	<	 .001),	APACHE	II	score	 (P	<	 .001),	SOFA	score	 (P	<	 .001),	and	
CRP	(P	<	.001)	were	different	among	SAP	patients,	MSAP	patients,	
and	MAP	patients,	and	these	 indexes	were	the	highest	 in	SAP	pa-
tients,	followed	by	MSAP	patients,	and	the	lowest	in	MAP	patients.	
Furthermore,	there	were	56	(74.7%),	59	(78.7%),	and	61	(81.3%)	pa-
tients	who	used	antibiotics	treatment	 in	SAP,	MSAP,	and	MAP	pa-
tients,	respectively.	However,	SAP,	MSAP,	and	MAP	patients	had	no	
difference in etiology (P	=	.703)	and	antibiotics	treatment	(P	=	.610).	
However,	SAP,	MSAP,	and	MAP	patients	had	no	difference	in	etiol-
ogy (P	=	 .703).	The	detailed	information	of	baseline	characteristics	
was presented in Table 1.

3.2 | Comparison of suPAR among SAP patients, 
MSAP patients, MAP patients, and HCs

The	level	of	suPAR	was	increased	in	SAP	patients	(16.048	[12.633-
24.190])	 compared	 with	 MSAP	 patients	 (12.255	 [9.624-17.036])	
(P	=	.023),	MAP	patients	(9.410	[6.903-12.577])	(P	<	.001),	and	HCs	
(5.166	[1.950-8.221])	(P	<	.001)	(Figure	1A).	Soluble	urokinase	plas-
minogen	 activator	 receptor	 could	 differentiate	 SAP	 patients	 from	
MSAP	(AUC:	0.684,	95%CI:	0.600-0.769)	(Figure	1B)	and	MAP	pa-
tients	(AUC:	0.855,	95%CI:	0.797-0.912)	(Figure	1C),	and	it	was	es-
pecially	good	at	differentiating	SAP	patients	from	HCs	(AUC:	0.920,	
95%CI:	0.875-0.965)	 (Figure	1D).	These	data	 indicated	 that	suPAR	
could	serve	as	a	good	biomarker	for	predicting	SAP	risk.

3.3 | Correlation of suPAR with clinical 
characteristics in SAP patients

In	SAP	patients,	suPAR	was	positively	correlated	with	Ranson	score	
(P < .001, r	=	.601)	(Figure	2A),	APACHE	II	score	(P = .001, r	=	.361)	
(Figure	 2B),	 SOFA	 score	 (P < .001, r	 =	 .496)	 (Figure	 2C),	 and	CRP	
(P = .002, r	=	 .356)	 (Figure	2D).	These	data	 suggested	 that	 suPAR	
positively	correlated	with	disease	severity	and	inflammation	in	SAP	
patients.

3.4 | Correlation of suPAR with inhospital mortality 
in SAP patients

Among	 75	 SAP	 patients,	 there	were	 16	 inhospital	 deaths	 (21.3%)	
and	59	survivors	(78.7%)	(Figure	3A).	Soluble	urokinase	plasminogen	
activator receptor level was elevated in inhospital deaths (25.792 
[22.298-28.302])	compared	with	survivors	(14.899	[12.155-19.824])	
(P	<	.001)	(Figure	3B).	Further,	ROC	curve	exhibited	that	suPAR	(AUC:	
0.806,	95%CI:	0.663-0.949)	was	of	good	value	in	predicting	inhos-
pital	mortality	 (Figure	3C).	As	for	several	common	prognostic	pre-
dictors	in	SAP,	Ranson	score	(AUC:	0.853,	95%CI:	0.740-0.966)	was	
of	 great	 value	 in	 predicting	 inhospital	mortality;	 APACHE	 II	 score	
(AUC:	0.787,	95%CI:	0.665-0.909),	SOFA	score	(AUC:	0.771,	95%CI:	
0.645-0.898),	and	CRP	(AUC:	0.649,	95%CI:	0.4999-0.800)	were	of	
acceptable value in predicting inhospital mortality. Numerically, the 
value	of	 suPAR	 in	 predicting	 inhospital	mortality	was	non-inferior	
to	Ranson	score,	APACHE	II	score,	SOFA	score,	and	CRP.	The	above	

F I G U R E  1  SuPAR	level	in	SAP	
patients,	MASP	patients,	MAP	patients,	
and	HCs.	The	comparison	of	suPAR	level	
among	SAP	patients,	MSAP	patients,	MAP	
patients,	and	HCs	(A).	The	performance	of	
suPAR	in	distinguishing	SAP	patients	from	
MSAP	patients	(B),	MAP	patients	(C),	and	
HCs	(D).	The	comparisons	of	suPAR	level	
between	SAP	group	and	other	groups	
were determined by Benjamini-Krieger-
Yekutieli	test.	And	ROC	curves	and	the	
AUC	with	95%	CI	were	used	to	assess	
the	ability	of	suPAR	in	discriminating	
different subjects. P < .05 was considered 
significant.	AP,	acute	pancreatitis;	
SAP,	severe	acute	pancreatitis;	MSAP,	
moderate-severe	acute	pancreatitis;	MAP,	
mild	acute	pancreatitis;	HCs,	healthy	
controls;	suPAR,	soluble	urokinase	
plasminogen	activator	receptor;	AUC,	area	
under	the	curve;	CI,	confidence	interval
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data	suggested	that	suPAR	had	a	good	value	for	predicting	increased	
inhospital	mortality	of	SAP	patients.

3.5 | The ability of combined biomarkers in 
predicting inhospital mortality

The	combination	of	suPAR,	Ranson	score,	APACHE	II	score,	SOFA	
score,	 and	CRP	exhibited	good	value	 in	predicting	 inhospital	mor-
tality	(AUC:	0.896,	95%CI:	0.806-0.986),	which	suggesting	that	the	
predictive value of combination was better compared with single 
biological	 markers/	 disease	 severity	 score	 (suPAR,	 Ranson	 score,	
APACHE	II	score,	SOFA	score,	and	CRP)	(Figure	4).

4  | DISCUSSION

In	 the	present	 study,	we	 found	 that	 (a)	 suPAR	 level	was	 increased	
in	SAP	patients	compared	with	MSAP	patients,	MAP	patients,	and	
HCs,	 and	 further,	ROC	curve	 exhibited	 that	 suPAR	was	 especially	
good	at	differentiating	SAP	patients	from	HCs	and	could	differenti-
ate	SAP	patients	from	MSAP	as	well	as	MAP	patients;	suPAR	level	
was positively correlated with disease severity and inflammation in 
SAP	patients.	(b)	suPAR	could	predict	higher	inhospital	mortality	in	
SAP	patients.

Soluble urokinase plasminogen activator receptor is a receptor 
released	 from	 cell	 membrane-bound	 uPAR,	 and	 existing	 evidence	
illustrates	 that	 suPAR	 is	 involved	 in	 various	 inflammatory-related	

F I G U R E  2  Association	of	suPAR	with	
disease	severity	and	inflammation	in	SAP	
patients.	The	association	of	suPAR	with	
Ranson	score	(A),	APACHE	II	score	(B),	
SOFA	score	(C),	and	CRP	(D).	Association	
of	suPAR	with	Ranson	score,	APACHE	II	
score,	SOFA	Score,	and	CRP	was	analyzed	
using Spearman's rank correlation test. 
P	<	.05	was	considered	significant.	SAP,	
severe	acute	pancreatitis;	suPAR,	soluble	
urokinase plasminogen activator receptor; 
APACHE	II,	Acute	Physiology	and	
Chronic	Health	Care	Evaluation	II;	SOFA,	
sequential	organ	failure	assessment;	CRP,	
C-reaction	protein

F I G U R E  3  Correlation	of	suPAR	with	prognosis	in	SAP	patients.	The	percentage	of	inhospital	deaths	and	survivors	in	SAP	patients	(A).	
Comparison	of	suPAR	level	between	inhospital	deaths	and	survivors	in	SAP	patients	(B).	The	performance	of	suPAR,	Ranson	score,	APACHE	
II	score,	SOFA	score,	CRP	in	distinguishing	inhospital	deaths	and	survivors	in	SAP	patients	(C).	The	difference	of	suPAR	level	between	
inhospital	deaths	and	survivors	was	determined	by	Wilcoxon	rank	sum	test.	ROC	curves	and	the	AUC	with	95%	CI	were	used	to	assess	the	
ability	of	suPAR,	Ranson	score,	APACHE	II	score,	SOFA	score,	CRP	in	distinguishing	inhospital	deaths	and	survivors.	P < .05 was considered 
significant.	SAP,	severe	acute	pancreatitis;	suPAR,	soluble	urokinase	plasminogen	activator	receptor;	APACHE	II,	Acute	Physiology	and	
Chronic	Health	Care	Evaluation	II;	SOFA,	sequential	organ	failure	assessment;	CRP,	C-reaction	protein;	AUC,	area	under	the	curve;	CI:	
confidence interval
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diseases such as acute liver failure, sepsis, systemic inflammatory re-
sponse syndrome, and lupus nephritis.5,7,12,16-18	For	example,	suPAR	
is increased, and its concentration is closely correlated with higher 
risk of liver cell injury, poor liver function, and end-stage liver disease 
in patients with acute liver failure.17	 Another	 study	 indicates	 that	
suPAR	level	is	increased	in	patients	with	SIRS,	and	ROC	curve	illus-
trates	 that	 suPAR	 is	of	great	value	 in	differentiating	SIRS	patients	
from	HCs	with	AUC	of	0.978.12	As	for	the	role	of	suPAR	in	SAP,	one	
previous	study	reveals	that	suPAR	is	elevated	in	SAP	patients	com-
pared	with	MAP	patients	and	HCs,	and	increased	level	of	suPAR	is	
associated with the advanced disease severity, risk of pancreatic in-
fection,	and	multiple	organ	dysfunction	syndrome	in	SAP	patients.14 
However,	 this	 previous	 study	 includes	 a	 small	 sample	 size,	 which	
might lead to decreased validation, and it also lacks the exploration 
for	 the	value	of	suPAR	 in	differentiating	SAP	patients	 from	MSAP	
patients. Thus, with the purpose to further validate the predictive 
value	of	suPAR	for	SAP	risk	as	well	as	the	correlation	of	suPAR	with	
disease	 severity	 and	 inflammation	 in	 SAP	 patients,	we	 performed	
this	study	with	75	SAP,	75	MSAP,	75	MAP	patients,	and	75	HCs.	We	
observed	that	suPAR	was	not	only	good	at	differentiating	SAP	pa-
tients	from	HCs	but	also	could	distinguish	SAP	patients	from	MSAP	
and	MAP	 patients.	 Furthermore,	 suPAR	was	 positively	 associated	
with	disease	severity	and	inflammation	in	SAP	patients.	Considering	
the	role	of	suPAR	 in	 inflammatory	diseases,	suPAR	might	promote	
the release of inflammatory cytokines, contributing to extremely 
increased activation of inflammatory cytokines-induced immune re-
sponses	 in	SAP	patients	compared	to	MSAP,	MAP	patients	as	well	

as	HCs.	That	might	explain	why	suPAR	was	closely	associated	with	
higher	 risk	 of	 SAP.5	 In	 addition,	 SuPAR	 might	 promote	 plasmino-
gen-activating signaling pathways and enhance the modulation of 
cell adhesion, migration, and proliferation, which led to organ inju-
ries and further increased the occurrence and severity of multiple 
organ	dysfunctions,	thereby	suPAR	could	predict	higher	risk	of	SAP.	
Since	suPAR	was	correlated	with	increased	possibility	of	inflamma-
tion, necrotizing pancreatitis, and the occurrence of multiple organ 
dysfunctions, it was positively associated with disease severity and 
inflammation	 in	 SAP	patients.	 Besides,	 based	on	 the	 classification	
of	AP,	SAP	was	characteristic	of	more	persistent	organ	failure	com-
pared	with	MSAP	which	was	defined	by	the	presence	of	 transient	
organ failure.15	Furthermore,	suPAR	level	was	activated	by	 inflam-
mation-induced coagulation system, and systematic inflammation 
cascade might aggravate the severity of organ failure; therefore, 
AP	patients	with	higher	suPAR	level	had	more	severe	organ	failure,	
which	was	associated	with	higher	risk	of	SAP.

In	agreement	with	the	correlation	of	suPAR	with	the	severity	of	
some	inflammatory-related	diseases	including	sepsis,	SIRS,	and	bac-
teremia,	suPAR	is	shown	to	be	of	prognostic	value	for	unfavorable	
survival in patients with these diseases.7,9,12	For	example,	in	SIRS	pa-
tients,	the	suPAR	levels	are	significantly	higher	in	non-survivors	com-
pared	with	survivors,	and	persistent	elevated	suPAR	 level	predicts	
higher	morality	in	SIRS	patients.12	As	for	in	SAP,	the	prognostic	value	
of	suPAR	is	reported	by	only	one	previous	study;	however,	this	study	
exhibits	no	difference	of	suPAR	between	non-survivors	and	survivors	
in	SAP	patients,	and	the	possible	reasons	may	include	that	(a)	small	
sample	size	leads	to	the	enlargement	effect	of	extreme	value;	(b)	the	
SAP	 patients	 recruited	 are	with	 exacerbated	 SAP;	 therefore,	 their	
survivals	are	poor,	which	weakens	the	difference	of	suPAR	between	
non-survivors and survivors.14 We conducted this present study with 
larger	sample	size	to	further	explore	the	value	of	suPAR	in	predicting	
inhospital	mortality	in	SAP	patients.	The	result	revealed	that	suPAR	
level was elevated in inhospital deaths compared with survivors, and 
ROC	 curve	 presented	 that	 suPAR	was	 of	 good	 value	 in	 predicting	
inhospital	mortality	of	SAP	patients	with	AUC	of	0.806.	Notably,	the	
value	 of	 suPAR	 in	 predicting	 inhospital	mortality	was	 non-inferior	
to	Ranson	score,	APACHE	II	score,	SOFA	score,	and	CRP,	and	these	
predictive indexes were the most widely used routine examination 
of	 clinical	 practice	 and	 predictors	 for	 mortality	 in	 SAP	 patients.19 
In	addition,	we	also	 found	 that	 the	combination	of	 suPAR,	Ranson	
score,	APACHE	II	score,	SOFA	score,	and	CRP	exhibited	good	value	
in predicting inhospital mortality, which suggested that the predic-
tive value of combination was better compared with single biological 
markers/disease	 severity	 score	 (suPAR,	 Ranson	 score,	 APACHE	 II	
score,	SOFA	score,	and	CRP).	The	possible	reasons	might	include	the	
following:	(a)	According	to	the	findings	of	our	study,	suPAR	was	pos-
itively	associated	with	Ranson	score,	APACHE	II	score,	SOFA	score,	
and	CRP;	therefore,	suPAR	might	indirectly	influence	inhospital	mor-
tality	of	SAP	patients	via	 interacting	with	these	indexes.	 (b)	SuPAR	
might promote the pro-inflammatory immune response and increase 
the risk and severity of multiple organ dysfunctions, which directly 
increased	inhospital	mortality	of	SAP	patients.

F I G U R E  4  The	performance	of	the	combination	(suPAR,	Ranson	
score,	APACHE	II	score,	SOFA	score,	CRP)	in	predicting	inhospital	
mortality	in	SAP	patients.	Receiver	operating	characteristic	
curves	and	the	AUC	with	95%	CI	were	used	to	assess	the	ability	of	
combination	(suPAR,	Ranson	score,	APACHE	II	score,	SOFA	score,	
CRP)	in	distinguishing	inhospital	deaths	and	survivors.	P < .05 
was	considered	significant.	SAP,	severe	acute	pancreatitis;	suPAR,	
soluble	urokinase	plasminogen	activator	receptor;	APACHE	II,	
Acute	Physiology	and	Chronic	Health	Evaluation	II;	SOFA,	
sequential	organ	failure	assessment;	CRP,	C-reaction	protein;	AUC,	
area	under	the	curve;	CI,	confidence	interval
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Our	study	still	limited	by	the	following	shortcomings:	(a)	The	un-
derlying	mechanism	of	suPAR	in	SAP	was	not	explored	in	our	study;	
therefore,	further	animal	studies	were	still	needed.	(b)	As	the	pres-
ent study was single centered, which might lead to regional selective 
bias, therefore, patients from more geographic regions were needed 
for	 validation.	 (c)	 The	 follow-up	was	 conducted	 until	 the	 patients	
were	discharged	from	hospital,	while	the	long-term	effect	of	suPAR	
for	disease	recovery	needed	to	be	observed	in	a	 longer	period.	 (d)	
Considering	that	antibiotics	treatment	might	affect	the	suPAR	level,	
however,	we	could	not	assess	the	influence	of	antibiotics	on	suPAR	
level as the peripheral blood samples were not collected after the 
antibiotics treatment.20

In	summary,	suPAR	is	of	good	predictive	value	for	SAP	risk	and	
may serve as a potential biomarker for disease severity, inflamma-
tion,	and	inhospital	mortality	in	SAP	patients.
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