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Background: Hypercoagulability induced by the imbalance between von Willebrand 
factor	(VWF)	secretion	and	its	cleaving	protease	(ADAMTS-	13)	has	been	correlated	
with cancer metastasis. The aim of this study was to explore the prognostic signifi-
cance	of	the	VWF/ADAMTS-	13	ratio	in	advanced	non-	small-	cell	lung	cancer	(NSCLC).
Methods: Pre-	treatment	sera/plasma	levels	of	VWF,	ADAMTS-	13,	VWF/ADAMTS-	13	
ratio,	factor	(F)	VIII,	and	other	clinical/laboratory	parameters	were	measured	in	119	
patients with advanced NSCLC and 102 healthy controls. All patients were followed 
up to determine the predictive value of these parameters for prognosis of advanced 
NSCLC.
Results: Elevated	 VWF,	 VWF/ADAMTS-	13	 ratio,	 and	 reduced	 ADAMTS-	13	 were	
 significantly correlated with the stage and grade of advanced NSCLC and the final 
status of disease (P<.05).	VWF	levels	and	the	VWF/ADAMTS-	13	ratio	were	also	as-
sociated with response to chemotherapy (P<.05).	Multivariate	analysis	identified	the	
VWF/ADAMTS-	13	ratio	and	D-	dimer	as	significant	independent	predictors	of	patient	
mortality.	 The	 area	under	 the	 curve	 showed	 that	 the	VWF/ADAMTS-	13	 ratio	was	
more	useful	than	VWF,	ADAMTS-	13,	and	D-	dimer	to	predict	mortality.	Kaplan-	Meier	
analysis	 showed	 that	 a	 low	VWF/ADAMTS-	13	 ratio	was	 significantly	 predictive	 of	
improved survival (P=.004).
Conclusion: These	 results	 suggest	 that	 the	 imbalance	between	VWF	secretion	 and	
ADAMTS-	13	 may	 play	 a	 critical	 role	 in	 the	 hypercoagulability	 state	 in	 advanced	
NSCLC.	Moreover,	elevation	of	the	plasma	VWF/ADAMTS-	13	ratio	may	serve	as	an	
independent predictive factor for mortality in patients with advanced NSCLC.

K E Y W O R D S

ADAMTS-13,	non-small-cell	lung	cancer,	prognosis,	Von	Willebrand	factor

1  | INTRODUCTION

Von	Willebrand	factor	(VWF)	is	a	multimeric	glycoprotein	synthesized	
by endothelial cells and megakaryocytes/platelets that circulates in 
the plasma, and plays an essential role in primary hemostasis, medi-
ating the adhesion of platelets to thrombogenic surfaces, and acting 
as	a	 carrier	protein	 for	 coagulation	 factor	 (F)	VIII.1,2 In the develop-
ment of cancer metastasis, tumor cells interact with platelets and the 

vessel	wall	 to	 extravasate	 from	 the	 circulation;	 thus,	VWF	presents	
a	potential	 candidate	 to	mediate	platelet-	tumor	cell	 interactions.3 A 
number	of	potential	receptors	for	VWF,	including	glycoprotein	Ib and 
the integrins αIIbβ3 and αVβ3, have been identified on the surface of 
tumor	cells,	while	direct	 interactions	between	VWF	and	 tumor	cells	
have also been reported.4,5

The	distinctive	different	molecular	sizes	of	VWF	influence	its	abil-
ity to regulate adhesive interactions with platelets.6 “Unusually large” 
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VWF	multimers	(UL-	VWFMs)	are	stored	in	Weibel-	Palade	bodies	and	
released into the plasma, where they are rapidly degraded into smaller 
VWF	multimers	by	 the	plasma	VWF-	cleaving	protease	ADAMTS-	13	
(a disintegrin and metalloproteinase with a thrombospondin type 
1	 motif,	 member	 13).	 ADAMTS-	13	 specifically	 cleaves	 UL-	VWFMs	
between	Tyr1605	and	Met1606	within	the	VWF	A2	domain.7 Smaller 
VWF	multimers,	such	as	VWF-	pp,	are	more	rapidly	cleared	from	the	
circulation	than	VWF.	A	deficiency	 in	ADAMTS-	13	 increases	plasma	
VWF	 levels,	 thereby	disrupting	 the	balance	between	 levels	of	VWF	
and	 ADAMTS-	13,	 resulting	 in	 microcirculatory	 disturbances.8,9 It is 
known	that	severe	ADAMTS-	13	deficiency,	due	to	either	mutations	in	
the	ADAMTS-	13	gene	or	the	presence	of	inhibitory	antibodies,10,11 is 
strongly associated with thrombotic thrombocytopenic purpura.

In	fact,	impaired	VWF-	cleaving	activity	of	ADAMTS-	13	was	recently	
demonstrated in patients with metastasizing and malignant tumors. 
Oleksowicz et al.12	 first	 reported	 that	deficient	ADAMTS-	13	activity	
could	result	in	elevated	levels	of	highly	polymeric	VWF	in	patients	with	
disseminated malignancies and Koo et al.13	reported	mild	ADAMTS-	13	
deficiency	in	patients	with	stage	IV	colon	cancer	and	various	advanced-	
stage malignant tumors. Mannucci et al.14 also found lower mean lev-
els	of	ADAMTS-	13	activity	 in	patients	with	disseminated	 tumors,	 as	
compared to those with localized tumors. However, few reports have 
focused	on	the	contribution	of	VWF	and	ADAMTS-	13	to	the	develop-
ment	of	advanced	non-	small-	cell	lung	cancer	(NSCLC).	Therefore,	the	
purpose	of	this	study	was	to	investigate	the	balance	of	VWF	secretion	
and	plasma	ADAMTS-	13	level	in	patients	with	advanced	NSCLC,	and	
to	explore	the	association	of	VWF/ADAMTS-	13	ratio	with	the	progres-
sion or prognosis of advanced NSCLC.

2  | MATERIALS AND METHODS

2.1 | Patients

A total of 119 patients with histologically confirmed advanced NSCLC 
who	visited	 the	First	Affiliated	Hospital,	 Zhejiang	University	School	
of	 Medicine	 (Hangzhou	 City,	 Zhejiang	 Province,	 China),	 between	
May	 10,	 2014,	 and	 July	 6,	 2015,	 were	 enrolled	 in	 this	 study.	 Pre-	
treatment evaluation included a complete medical history, physical 
examination, complete blood cell count, and serum chemistry analy-
sis. Pathological diagnoses were determined by biopsies or cytological 
specimens collected at bronchoscopy, transthoracic needle aspiration, 
or from surgical specimens. All patients were classified according to 
the revised World Health Organization classification of lung tumors 
and staged according to the revised TNM staging system for lung 
cancer.15,16	Additionally,	102	age-		and	sex-	matched	healthy	controls	
were	recruited	from	those	who	attended	the	First	Affiliated	Hospital	
of Zhejiang University for routine health examinations.

All subjects enrolled in this study had normal liver, renal, and 
cardiac	 function	with	 no	 history	 of	 cardio-	,	 cerebro-	,	 or	 peripheral-	
vascular atherosclerotic disease. Individuals with diabetes mellitus 
or thromboembolic diseases, including pulmonary embolism, those 
who underwent surgery within 3 months before enrollment, had 
acute inflammatory disease or a second primary tumor, received 

anticoagulant therapy or medical contraception, or any prior history 
of alcohol or drug abuse were excluded. This study was performed in 
accordance with the principles embodied in the Declaration of Helsinki 
and approved by the Institutional Research Ethics Committee of the 
First	Affiliated	Hospital	of	Zhejiang	University.	Written	informed	con-
sent was obtained from all subjects prior to participation.

2.2 | Response to treatment and follow- up

All patients underwent chemotherapy or chemoradiotherapy. 
Cisplatin-	based	 chemotherapy	 included	 etoposide,	 irinotecan,	 gem-
citabine, docetaxel, or pemetrexed. The tumor response to chemo-
therapy was evaluated using computed tomography of the chest 
and defined according to the revised Response Evaluation Criteria in 
Solid	Tumours	(version	1.1).17	In	short,	a	complete	response	(CR)	was	
defined as the disappearance of all target lesions; a partial response 
(PR)	was	defined	as	at	least	a	30%	decrease	in	the	sum	of	diameters	of	
target	lesions;	progressive	disease	(PD)	was	defined	as	at	least	a	20%	
increase in the sum of diameters of target lesions and that the sum 
must demonstrate an absolute increase of at least 5 mm; and stable 
disease	(SD)	was	defined	as	neither	sufficient	shrinkage	to	qualify	as	a	
PR nor sufficient increase to qualify as a PD.

The	follow-	up	period	for	each	patient	began	at	the	time	of	blood	
sampling and ended for overall survival at the occurrence of death, 
self-	withdrawal	 from	 the	 study,	 or	 on	 February	 25,	 2016,	 which-
ever	 came	 first.	During	 follow-	up,	 clinical,	 laboratory,	 and	 radiologi-
cal	 reassessments	were	performed	 at	 three-		 to	 four-	week	 intervals.	
Additionally, a telephone interview with the patient or patient’s family 
was established to determine the status of the patients who aban-
doned	the	follow-	up	regimen.

2.3 | Sample collection and coagulation assays

Venous blood samples were collected from both the healthy controls 
and patients in the early morning after overnight fasting into three 
tubes at the time of clinical diagnosis, and prior to any treatment. One 
tube coated with ethylenediaminetetraacetic acid (2.4 mg per 2 mL 
venous	 blood)	was	 used	 for	 the	 immediate	measurement	 of	 hemo-
globin.	One	tube	with	0.109	mol/L	trisodium	citrate	(9:1	v/v)	was	used	
for	the	measurement	of	D-	dimer,	fibrinogen,	VWF,	ADAMTS-	13,	and	
F	 VIII	 levels.	 Plasma	 was	 obtained	 by	 immediately	 centrifuging	 the	
blood in a refrigerated centrifuge at 1500 g for 10 minutes. Blood was 
also collected in one tube without anticoagulant and allowed to clot for 
the isolation of serum after centrifugation. All plasma and serum sam-
ples	were	aliquoted	and	stored	at	−80°C	until	assayed.	Serum	levels	of	
lactate	dehydrogenase	(LDH)	were	determined	using	a	Hitachi	7600	
analyzer	(Hitachi	Ltd.,	Tokyo,	Japan)	with	dedicated	reagents	(Roche	
Diagnostics,	Mannheim,	Germany).	Plasma	levels	of	fibrinogen	(Clauss	
method),	D-	dimer	(immunoturbidometric	method),	and	F	VIII	(coagula-
tion	method)	were	measured	using	the	Sysmex	CA7000	coagulation	
analyzer	 (Sysmex	 Corporation,	 Kobe,	 Japan)	 with	 commercial	 kits	
(Siemens	AG,	Marburg,	Germany).	Plasma	levels	of	VWF	antigen	and	
ADAMTS-	13	activity	were	measured	using	commercial	enzyme-	linked	
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immunosorbent	assay	kits	(R&D	Systems	Inc.,	Minneapolis,	MN,	USA)	
according	 to	 the	 manufacturer’s	 instructions.	 The	 intra-		 and	 inter-	
assay	coefficients	of	variation	for	VWF	and	ADAMTS-	13	were	<9%	
and	<11%,	respectively,	according	to	the	manufacturer.

2.4 | Statistical analysis

Continuous variables are expressed as the mean and standard devia-
tion. The mean values of each item between two groups were com-
pared using the Student’s ttest	and	Mann-	Whitney	U test, whereas 
differences	 among	 the	 three	 groups	 were	 analyzed	 using	 one-	way	
analysis	 of	 variance	 and	 the	 Kruskal-	Wallis	 H test, as appropriate 
for	continuous	variables.	Nonparametric	chi-	square	tests	were	used	
to compare categorical variables. Spearman’s rank correlation was 
used to evaluate the relationship between parameters. Univariate 
analysis of risk factors for their predictive value of patient death was 
performed using Cox proportional hazard regression analyses. A mul-
tivariable stepwise logistic regression test was used to evaluate inde-
pendent	clinical	parameters	predicting	mortality.	Receiver-	operating	
characteristic	(ROC)	curves	of	the	parameters	were	further	obtained,	
and	 the	differences	 in	 the	area	under	 the	 curve	 (AUC)	were	 tested	
using the z	 test.	Survival	curves	were	determined	using	the	Kaplan-	
Meier	method.	 The	 log-	rank	 test	 was	 used	 to	 evaluate	 differences	
between survival curves. All statistical analyses were performed using 
SPSS	version	16.0	J	for	Windows	software	(IBM-	SPSS,	Inc.,	Chicago,	
IL,	USA).	A	P-	value	<.05	was	considered	statistically	significant.

3  | RESULTS

3.1 | Comparison of clinical/laboratory parameters 
between patients and healthy controls

Clinical and laboratory characteristics in advanced NSCLC patients 
prior to commencing treatment and in healthy controls are shown in 
Table	1.	Compared	 to	 the	healthy	controls,	 levels	of	LDH,	D-	dimer,	
fibrinogen,	VWF,	and	F	VIII,	as	well	as	VWF/ADAMTS-	13	ratio	were	
significantly	increased,	whereas	body	mass	index	(BMI)	and	levels	of	
hemoglobin	and	ADAMTS-	13	were	significantly	decreased,	in	the	sera	
or plasma of advanced NSCLC patients. However, there were no sig-
nificant differences in sex, age, blood group distribution, or smoking 
status between the two groups.

3.2 | Relationship of VWF/ADAMTS- 13 ratio with 
clinical/pathological parameters

The	relationships	between	plasma	levels	of	VWF,	ADAMTS-	13,	F	VIII,	
and	VWF/ADAMTS-	13	ratio	of	advanced	NSCLC	patients	and	clini-
cal/pathological parameters were analyzed. As shown in Table 2 and 
Figure	1,	 the	 levels	of	VWF,	ADAMTS-	13,	VWF/ADAMTS-	13	ratio,	
and	F	VIII	were	 found	 to	be	 significantly	 correlated	with	 stage	 and	
grade of advanced NSCLC. Patients with stage IV or poorly differenti-
ated	NSCLC	exhibited	higher	levels	of	VWF,	VWF/ADAMTS-	13	ratio,	
and	 F	VIII,	 but	 lower	 levels	 of	 ADAMTS-	13	 (all	P<.05).	 In	 addition,	

there was a significant correlation between chemotherapy response 
and	levels	of	VWF,	VWF/ADAMTS-	13	ratio,	and	F	VIII	(P=.042, .011, 
and	.049,	respectively),	but	not	ADAMTS-	13.	Besides,	plasma	levels	
of	VWF,	ADAMTS-	13,	and	VWF/ADAMTS-	13	ratio	were	also	associ-
ated with the final status of disease. Nonsurvivors had higher levels of 
VWF	and	VWF/ADAMTS-	13	ratio,	but	lower	levels	of	ADAMTS-	13,	
as compared to survivors (P=.027,	.005,	and	.040,	respectively).

The	relationship	between	the	VWF/ADAMTS-	13	ratio	and	clini-
cal	variables	was	further	analyzed	(Table	3).	The	VWF/ADAMTS-	13	
ratio	 correlated	 positively	 with	 LDH,	 D-	dimer,	 fibrinogen,	 VWF,	
and	 F	 VIII	 and	 correlated	 negatively	 with	 BMI,	 hemoglobin,	 and	
ADAMTS-	13.

3.3 | Correlation of VWF/ADAMTS- 13 ratio with 
prognosis of NSCLC

Cox regression analysis was performed to identify correlations 
between patient prognosis and clinical/laboratory factors. Among 
these	factors,	age	(>55	vs	≤55	years),	sex	(female	vs	male),	BMI	(>25	
vs	≤25	kg/m2),	smoking	status	(yes	vs	no),	histology	(adeno	vs	non-	
adeno),	 tumor	 grade	 (poorly	differentiated	 vs	well/moderately	 dif-
ferentiated),	TNM	stage	(IV	vs	IIIB),	and	response	to	chemotherapy	
(nonresponsive	 vs	 responsive)	 were	 available,	 while	 the	 median	
values in advanced NSCLC patients were used to dichotomize the 
levels	of	hemoglobin,	LDH,	D-	dimer,	 fibrinogen,	and	F	VIII,	as	well	
as	 VWF/ADAMTS-	13	 ratio	 to	 identify	 the	 prognostic	 relevance	
of	 these	markers	by	univariate	and	multivariate	analyses	 (Table	4).	
Univariate	analyses	showed	that	a	higher	VWF/ADAMTS-	13	ratio,	
higher	 plasma	 D-	dimer	 levels,	 poorly	 differentiated	 grade,	 and	
stage IV were significant risk factors for prediction of mortality in 
advanced NSCLC patients (all P<.05).	Based	on	multivariate	analy-
sis,	furthermore,	TNM	stage,	an	increase	in	VWF/ADAMTS-	13	ratio,	
and	 higher	 plasma	 D-	dimer	 levels	 were	 still	 significant	 independ-
ent prognostic factors for prediction of mortality (P=.024, .013, and 
.030,	respectively).

The	 AUCs	 for	 the	 VWF/ADAMTS-	13	 ratio,	 VWF,	 ADAMTS-	13,	
and	 D-	dimer	 were,	 respectively,	 0.790	 (95%	 confidence	 inter-
val	 [CI]=0.677-	0.906),	 0.673	 (95%	 CI=0.558-	0.794),	 0.651	 (95%	
CI=0.538-	0.775),	and	0.708	 (95%	CI=0.601-	0.824)	 for	prediction	of	
mortality	 of	 advanced	 NSCLC	 patients	 (Figure	2).	 The	AUC	 for	 the	
VWF/ADAMTS-	13	 ratio	 tended	 to	 be	 highest	 for	 the	 prediction	 of	
mortality. However, these differences were not significant among the 
VWF/ADAMTS-	13	ratio,	VWF,	ADAMTS-	13,	and	D-	dimer	for	predic-
tion of mortality among advanced NSCLC patients.

The cumulative survival rate of 119 NSCLC patients according 
to	 the	 VWF/ADAMTS-	13	 ratio	 is	 shown	 in	 Figure	3.	 The	 median	
length	 of	 survival	 time	was	 336	days	 (95%	 CI=306-	376	days)	 and	
270	days	(95%	CI=229-	310	days),	respectively,	for	patients	with	low	
VWF/ADAMTS-	13	ratios	(≤1.31)	and	high	VWF/ADAMTS-	13	ratios	
(>1.31).	As	determined	by	the	Kaplan-	Meier	curves,	the	probability	
of	survival	of	patients	with	a	lower	VWF/ADAMTS-	13	ratio	was	more	
favorable	 than	 for	 patients	 with	 a	 higher	 VWF/ADAMTS-	13	 ratio	
(P=.004).
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4  | DISCUSSION

It is well established that clotting activation is frequently encountered 
in cancer and that the hypercoagulability state is directly involved 
in cancer progression.18 Although the biological significance of 
hemostatic abnormalities in cancer remains unclear, some evidence 
suggests that the capacity of neoplastic cells to activate the coagula-
tion and fibrinolytic system facilitates their invasive and metastatic 
behaviors.19 NSCLC patients are also suspected to be more prone to 
a hypercoagulable state. In NSCLC, host macrophages release proco-
agulant factors, which could activate the coagulation and fibrinolytic 
system.20 Previous studies showed that prolonged prothrombin time, 

international	normalized	ratio,	high	D-	dimer	level,	and	low	antithrom-
bin III level were associated with worse survival in lung cancer 
patients.21,22	Additionally,	a	low	ratio	of	plasmin-	α2-	plasmin	inhibitor	
complex	to	thrombin-	antithrombin	complex	and	low	protein	S	levels	
were reported as significant independent negative prognostic factors 
for survival in patients with advanced NSCLC.23	 The	 plasma	 VWF	
level, currently regarded as a marker of endothelial cell activation, is 
increased in colorectal, breast, and ovarian cancer. It has been sug-
gested	that	the	plasma	VWF	level	may	be	associated	with	tumor	stage	
and has prognostic significance in cancer patients.24-26	Furthermore,	
it	is	known	that	a	deficiency	in	ADAMTS-	13,	which	is	also	known	as	
von	Willebrand	factor-	cleaving	protease,	resulting	in	the	presence	of	

Variables NSCLC (n=119) Healthy control (n=102) P value

Sex	(male/female) 78/41 64/38 .665

Age	(y) 56.6±8.6 54.5±8.5 .098

BMI (kg/m2) 22.3±3.1 23.1±2.9 .030

Smoking	status	(yes/no) 30/89 19/83 .240

Blood	group	(O/non-	O) 38/81 40/62 .259

Histology

Squamous 36	(30.3%)

Adeno 68	(57.1%)

Other	(unclassified) 15	(12.6%)

Tumor grade

Well/moderately 
differentiated

87	(73.1%)

Poorly differentiated 32	(26.9%)

TNM stage

Stage IIIB 55	(46.2%)

Stage IV 64	(53.7%)

Treatment

Chemotherapy

Cisplatin+etoposide or 
irinotecan

37	(31.1%)

Cisplatin+gemcitabine or 
paclitaxel

54	(45.4%)

Cisplatin+pemetrexed 28	(23.5%)

Radiotherapy	(thoracic)

Radical 26	(21.8%)

Palliative 36	(30.3%)

Hemoglobin	(g/L) 122.2±20.6 146.9±15.4 <.001

LDH	(U/L) 205.8±79.3 130.0±20.7 <.001

D-	dimer	(μg/L	FEU) 1249.9±1583.5 154.5±135.7 <.001

Fibrinogen	(g/L) 3.8±1.1 2.4±0.5 <.001

VWF	(U/L) 1583.5±787.7 1019.9±789.4 <.001

ADAMTS-	13	(U/L) 1392.6±562.1 1699.9±907.5 .016

VWF/ADAMTS-	13	ratio 1.37±0.99 0.59±0.26 <.001

F	VIII	(%) 142.9±41.2 103.8±23.1 <.001

BMI,	body	mass	index;	LDH,	lactate	dehydrogenase;	VWF,	von	Willebrand	factor;	ADAMTS-	13,	a	dis-
integrin	and	metalloproteinase	with	a	thrombospondin	type	1	motif,	member	13;	F,	factor.

TABLE  1 Clinical and laboratory 
characteristics of the study participants
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UL-	VWFM	and	increased	levels	of	VWF	antigen	in	plasma,	was	asso-
ciated with the metastatic process.13 However, little is known about 
the	association	of	VWF,	ADAMTS-	13,	and	VWF/ADAMTS-	13	 ratio	
with histopathological types, pretherapeutic tumor stage and grade, 
and prognosis in advanced NSCLC.

In the present study, we demonstrated significantly increased lev-
els	of	VWF	and	the	VWF/ADAMTS-	13	ratio,	as	well	as	significantly	
decreased	 level	 of	ADAMTS-	13,	 in	 the	 plasma	 of	 advanced	NSCLC	
patients.	Furthermore,	plasma	levels	of	VWF,	ADAMTS-	13,	and	VWF/
ADAMTS-	13	ratio	were	significantly	associated	with	tumor	grade,	dis-
ease stage, and final status of advanced NSCLC patients. Meanwhile, 
we	 found	 increased	 levels	 of	 VWF	 and	VWF/ADAMTS-	13	 ratio	 in	
advanced NSCLC patients with no response to chemotherapy. The 
results of the present study support the idea that plasma levels of 

VWF,	as	well	as	 its	cleaving	protease	ADAMTS-	13,	possibly	play	an	
important role in tumor spread and might be valuable to predict the 
outcomes of advanced NSCLC patients. These results are in agreement 
with the findings of Wang et al.27 and Zietek et al.28 who reported 
increased	levels	of	plasma	VWF	in	colorectal	and	urinary	bladder	car-
cinoma and may be correlated with clinical staging and poor prognosis. 
Nevertheless, the significant difference found in the present study is 
inconsistent with the results obtained by Martini et al.29 who found a 
similar	distribution	of	VWF	between	NSCLC	patients	and	control	sub-
jects.	As	 the	 control	 population	 consisted	 of	 age-		 and	 sex-	matched	
healthy subjects in both studies, different prevalence of metastatic 
disease might explain the discrepancies observed in both studies. 
Additionally, the imbalance in the distribution of blood types between 
patients with NSCLC and healthy controls might explain the lack of 

TABLE  2 Results	of	comparisons	between	VWF,	ADAMTS-	13,	VWF/ADAMTS-	13	ratio,	F	VIII,	and	clinical/pathological	parameters	in	
patients with advanced NSCLC

Variable
Number 
(119)

VWF (U/L) ADAMTS- 13 (U/L)
VWF/ADAMTS- 13 
ratio F VIII (%)

Mean±SD P value Mean±SD P value Mean±SD P value Mean±SD P value

Sex

Male 78 1648.4±754.6 .593 1452.5±587.6 .158 1.37±0.88 .730 156.4±41.3 .259

Female 41 1555.5±847.1 1278.1±567.3 1.54±1.13 165.5±40.7

Age	(y)

≤55 51 1424.5±820.6 .069 1230.8±590.0 .108 1.58±1.30 .841 160.7±47.9 .786

>55 68 1732.3±752.5 1480.2±561.6 1.35±0.72 159.7±36.4

BMI (kg/m2)

≤25 92 1660.7±783.8 .165 1356.1±574.4 .488 1.53±1.02 .070 165.0±42.1 .039

>25 27 1359.2±800.9 1513.3±627.0 1.00±0.67 136.8±24.6

Histology

Squamous 36 1502.5±759.0 .208 1473.6±673.9 .753 1.27±0.79 .667 150.4±29.9 .261

Adeno 68 1573.6±735.2 1328.3±593.5 1.52±1.12 163.8±44.5

Other	(unclassified) 15 2033.2±102.7 1417.4±169.0 1.46±0.72 165.2±46.5

Tumor grade

Well/moderately 
differentiated

87 1488.2±762.0 .010 1472.3±514.1 .019 1.14±0.66 .002 148.6±36.8 .004

Poorly 
differentiated

32 1954.3±765.3 1162.0±685.8 2.30±1.23 187.9±39.5

TNM stage

Stage IIIB 55 1448.3±850.1 .018 1526.3±550.6 .035 1.12±0.87 .004 147.1±37.8 .011

Stage IV 64 1812.3±675.5 1226.3±581.9 1.80±0.98 174.0±40.2

Response to chemotherapy

Responsive	(CR+PR) 75 1477.2±764.3 .042 1434.6±546.4 .151 1.18±0.76 .011 153.0±35.3 .049

Nonresponsive 
(SD+PD)

44 1859.7±779.3 1234.3±641.8 1.96±1.19 173.8±49.8

Final	status

Alive 92 1546.8±832.3 .027 1464.9±565.0 .040 1.22±0.76 .005 155.2±39.5 .073

Dead 27 1905.1±525.5 1080.4±558.7 2.17±1.14 177.8±42.9

BMI,	body	mass	index;	VWF,	von	Willebrand	factor;	ADAMTS-	13,	a	disintegrin	and	metalloproteinase	with	a	thrombospondin	type	1	motif,	member	13;	
SD,	standard	deviation;	CR,	complete	response;	PR,	partial	response;	SD,	stable	disease;	PD,	progressive	disease;	F,	factor.
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differences between the two groups in a study by Martini et al.29 
as	 previous	 studies	 demonstrated	 that	 the	 proteolysis	 of	 VWF	 by	
ADAMTS-	13	seems	 to	occur	more	 rapidly	 in	 the	O	blood	group,	 as	
compared	to	non-	O	blood	groups,30,31	thus	explaining	the	higher	VWF	
plasma	 levels	observed	 in	subjects	with	non-	O	blood	groups.	 In	 the	
present study, we found no significant difference in the distribution of 
blood groups between advanced NSCLC patients and healthy controls.

The results of the present study also confirmed those of previous 
studies	 in	 that	a	deficiency	 in	ADAMTS-	13	activity	was	consistently	
observed in patients with malignancies, especially in advanced or met-
astatic diseases.13,32	However,	the	severity	of	ADAMTS-	13	deficiency	
differed among these previous studies, as well as the present study. The 
different	methodology	used	for	measuring	plasma	ADAMTS-	13	levels	
might account for the variant results among these studies. Another 

explanation for the variant results may be a consequence of the het-
erogeneous	study	population	and	cancer	 types.	F	VIII	plays	a	crucial	
role in the propagation phase of coagulation activation. The present 
study	 also	 showed	 higher	 levels	 of	 F	VIII	 activity	 in	 patients	with	 a	
lower BMI, poorly differentiated grade, stage IV, and no response to 
chemotherapy.	 In	 addition,	 a	 marginal	 significant	 increase	 in	 F	 VIII	
activity was observed in nonsurvivors, partly in accordance with a 
previous	 study	which	demonstrated	 that	 elevated	F	VIII	was	 associ-
ated with an increased risk of thrombosis and a decrease in survival in 
patients with lung adenocarcinoma. However, despite this association, 
F	VIII	activity	did	not	appear	to	be	a	significant	risk	factor	for	thrombo-
sis and mortality in the multivariate analysis.33 The effects of disease 
on	F	VIII	plasma	levels	may	be	mainly	mediated	by	VWF,	which	is	well	
known	to	carry	F	VIII	and	indirectly	prevent	its	plasmatic	clearance.2

The	VWF/ADAMTS-	13	ratio	was	reported	to	be	more	useful	than	
VWF	 alone	 for	 the	 diagnosis	 of	 hypercoagulability	 induced	 by	 an	
imbalance	between	VWF	secretion	and	ADAMTS-	13	in	patients	with	
organ failure.34	 In	the	present	study,	a	marked	increase	in	the	VWF/
ADAMTS-	13	ratio	was	positively	correlated	with	D-	dimer,	fibrinogen,	
and	F	VIII	in	advanced	NSCLC	patients.	These	results	suggest	that	an	
imbalance	 between	 VWF	 secretion	 and	 ADAMTS-	13	 level	 induced	
by endothelial activation or dysfunction may cause highly prothrom-
botic states that lead to thrombosis in patients with advanced NSCLC. 
Moreover, the results of the present study established for the first time 
a	 possible	 correlation	 between	 a	 high	 VWF/ADAMTS-	13	 ratio	 and	
poor prognosis of advanced NSCLC. These results also suggest that 
the	VWF/ADAMTS-	13	ratio	may	be	a	better	marker	of	poor	prognosis	
than	VWF,	ADAMTS-	13,	and	D-	dimer	in	the	early	phase	of	advanced	
NSCLC. However, it is necessary to determine if an imbalance between 
VWF	secretion	and	ADAMTS-	13	would	directly	favor	metastasis	and	
tumor progression or if some of the thrombogenic factors, including 
VWF	and	F	VIII,	 could	 create	 a	hypercoagulability	 environment	 that	
would result in thrombosis and a subsequent reduction in survival.33

F IGURE  1 Comparison of the 
VWF/ADAMTS-	13	ratio	in	NSCLC	patients	
according	to	tumor	grade	(A),	TNM	stage	
(B),	response	to	chemotherapy	(C),	and	
final	status	(D).	Data	are	expressed	as	box	
plots, in which the horizontal lines illustrate 
the	25th,	50th,	and	75th	percentiles	of	the	
VWF/ADAMTS-	13	ratio.	The	vertical	lines	
represent	the	2.5th	and	97.5th	percentiles

TABLE  3 Correlation	coefficients	between	the	VWF/
ADAMTS-	13	ratio	and	clinical	variables	in	patients	with	advanced	
NSCLC

Variables Correlation coefficients P value

Age	(y) .078 .321

BMI (kg/m2) −.170 .032

Hemoglobin	(g/L) −.393 <.001

LDH	(U/L) .382 <.001

D-	dimer	(μg/L	FEU) .492 <.001

Fibrinogen	(g/L) .277 <.001

VWF	(U/L) .750 <.001

ADAMTS-	13	(U/L) −.318 <.001

F	VIII	(%) .376 <.001

BMI,	body	mass	index;	LDH,	lactate	dehydrogenase;	VWF,	von	Willebrand	
factor;	ADAMTS-	13,	a	disintegrin	and	metalloproteinase	with	a	thrombos-
pondin	type	1	motif,	member	13;	F,	factor.
Spearman’s	rank	correlation	coefficients	between	the	VWF/ADAMTS-	13	
ratio and the variables.
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von Willebrand factor is secreted from endothelial cells in 
response to thrombin, vasoactive amines, and a variety of cytokines 
by either a constitutive or regulated pathway, and is an adhesive 

protein capable of adhering tumor cells and platelets, which may 
lead	 to	 the	 formation	of	micro-	thrombi,	 resulting	 in	prolonged	 sur-
vival of tumor cells by protecting them from the immune system and 
the disruptive effects of turbulence and sheer stress.3	Formation	of	
platelet-	tumor	cell	aggregates	also	facilitates	the	metastatic	process	
by allowing tumor cells to more easily adhere to and migrate through 
the vessel wall.35	The	VWF	 receptors	 expressed	on	 the	membrane	
of tumor cells possibly augment GPIb-	mediated	 VWF	 attachment,	

Variables

Univariate analysis Multivariate analysis

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

Age	(>55	vs	≤55	y) 0.72	(0.26-	2.00) .535 0.99	(0.93-	1.06) .853

Sex	(female	vs	male) 1.94	(0.72-	5.19) .187 2.84	(0.66-	12.13) .160

BMI	(>25	vs	≤25	kg/m2) 0.74	(0.21-	2.59) .637 1.12	(0.23-	5.42) .815

Smoking	status	(yes	vs	no) 1.71	(0.66-	4.45) .270 2.36	(0.86-	6.48) .097

Histology	(adeno	vs	non-	adeno) 1.65	(0.62-	4.37) .318 3.21	(0.63-	16.44) .162

Tumor grade (poorly vs well/
moderately)

3.28	(1.21-	8.95) .020 2.25	(0.76-	6.67) .140

TNM	stage	(IV	vs	IIIB) 3.91	(1.41-	10.82) .009 4.76 (1.23-18.41) .024

Response to chemotherapy 
(nonresponsive	vs	responsive)

2.43	(0.89-	6.62) .083 0.98	(0.23-	4.11) .958

Hemoglobin	(>122	vs	≤122	g/L) 0.51	(0.19-	1.34) .169 0.86	(0.16-	4.59) .820

LDH	(>193	vs	≤193	U/L) 2.77	(0.89-	8.60) .078 0.570	(0.13-	2.51) .458

D-	dimer	(>996	vs	≤996	μg/L 
FEU)

4.07	(1.33-	12.53) .014 3.49 (1.13-10.80) .030

Fibrinogen	(>3.7	vs	≤3.7	g/L) 2.39	(0.84-	6.80) .104 2.15	(0.62-	7.52) .231

VWF/ADAMTS-	13	ratio	(>1.31	
vs	≤1.31)

5.71	(1.63-	19.99) .006 4.89 (1.39-17.21) .013

F	VIII	(>159	vs	≤159%) 2.33	(0.76-	7.19) .140 1.76	(0.43-	7.19) .432

HR: hazard ratio; CI: confidence interval; TNM, tumor node metastasis; BMI, body mass index; vs, 
	versus;	LDH,	lactate	dehydrogenase;	F,	factor;	VWF,	von	Willebrand	factor;	ADAMTS-	13,	a	disintegrin	
and	metalloproteinase	with	thrombospondin	type-	1	motif,	member	13.

TABLE  4 Cox regression analyses of 
risk factors for prediction of patient 
mortality

F IGURE  2 ROC	curves	of	the	VWF/ADAMTS-	13	ratio	and	levels	
of	VWF,	ADAMTS-	13,	and	D-	dimer	for	the	prediction	of	mortality	in	
advanced NSCLC

F IGURE  3 Kaplan-	Meier	analysis	survival	curves	of	119	
advanced	NSCLC	patients	according	to	the	VWF/ADAMTS-	13	ratio.	
Differences	between	groups	were	evaluated	using	the	log-	rank	test	
(P=.004)
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especially	for	UL-	VWFMs,36,37 which could arise due to a deficiency 
in	ADAMTS-	13	activity	and	interactions	with	more	than	one	ligand	at	
one	time.	However,	it	remains	unclear	whether	these	tumor-	platelet	
aggregates	 further	 augment	 secretion	 of	 VWF	 from	 endothelial	
Weibel-	Palade	bodies.	Nonetheless,	we	speculate	 that	 the	 reduced	
ADAMTS-	13	activity,	which	regulates	the	size	and,	hence,	affects	the	
clearance	of	VWF	from	the	circulation,	might	result	in	an	increase	in	
plasma	VWF.	Although	 the	mechanism	 that	drives	 the	 reduction	 in	
plasma	ADAMTS-	13	in	cancer	patients	is	not	fully	understood,	vari-
ous oncogenes have been found to regulate expression of extracel-
lular	proteinases,	including	the	matrix-	degrading	metalloproteinases,	
which	can	directly	result	 in	perturbations	 in	ADAMTS-	13	activity.38 
Additionally,	 the	 functional	 properties	 of	 ADAMTS-	13	 could	 be	
impacted	 by	 a	 network	 of	 oncogene-	mediated	 kinases	 via	 protein	
phosphorylation,	which	 not	 only	 alters	 the	 activity	 of	ADAMTS-	13	
itself, but influence the activities of associated regulatory molecules, 
cofactors,	and	docking-	type	receptors.12,39

Interestingly,	 several	 studies	 have	 reported	 that	 VWF	 induces	
tumor cells to enter apoptosis instead of influencing tumor cell prolif-
eration or invasion.40,41 Terraube et al.4	reported	that	VWF	plays	a	pro-
tective	role	against	tumor	cell	dissemination	in	a	VWF-	deficient	mouse	
model.	They	 found	 that	VWF	 induced	 the	death	of	 tumor	 cells	 in	 a	
period	of	hours	following	their	arrest	in	the	target	organ,	but	VWF	did	
not affect their subsequent growth. More recently, Mochizuki et al.40 
reported that aggressive cancer cells produced high levels of disinte-
grin	and	metalloproteinase	28,	which	bind	and	degrade	VWF	in	carci-
noma	cells,	thus	avoiding	VWF-	induced	apoptosis	at	micrometastatic	
sites.	 These	 results	 suggested	 that	 inactivation	 of	VWF	 is	 required	
in the initial establishment of metastatic foci. However, because the 
functional absence of glycoprotein Ib alpha results in reduced experi-
mental metastasis,42	the	mechanism	by	which	VWF	inhibits	metastasis	
may be independent of its role in hemostasis.3	Furthermore,	a	previous	
study	in	mice	reported	that	antibody-	mediated	inhibition	of	VWF	led	
to an inhibition of metastasis.43 Thus, opposite results were found in 
VWF-	null	mice	 compared	 to	 an	 antibody-	mediated	 inhibition	 study	
and	the	present	study.	Because	previous	studies	indicated	that	tumor-	
associated procoagulant activity correlated with increased metastatic 
potential,42,44	 the	protective	 role	of	VWF	 in	metastasis	 formation	 is	
unique. It is noteworthy that mouse experimental metastasis occurs 
within weeks, whereas human metastases develop over years.45 
Moreover, the extensive intravascular proliferation of metastatic can-
cer cells in the mouse model differs from the pathogenesis of human 
metastasis.46	Further	studies	are	therefore	required	to	confirm	and	to	
increase	our	knowledge	of	the	precise	functional	mechanism	of	VWF	
in tumorigenesis and tumor progression.

There were a few limitations to this study that should be 
addressed.	First,	this	was	a	single-	center	study	with	a	relatively	small	
sample size, which was not large enough to establish the usefulness of 
the	measurement	of	the	preoperative	plasma	VWF/ADAMTS-	13	ratio.	
Therefore, the current findings must be confirmed in larger, multi-
center,	prospective	studies.	Second,	measurement	of	the	VWF	antigen	
was insufficient to arrive at specific information regarding circulating 
VWF	molecular	species,	such	as	VWF	propeptide	and	VWF	multimers.	

A	 deeper	 analysis	 of	 VWF	 propeptides,	 VWF	 multimers,	 and	VWF	
activity	might	be	more	relevant	to	reveal	the	imbalance	between	VWF	
secretion	and	ADAMTS-	13	level	in	cancer	patients,	and	to	clarify	the	
mechanisms behind our findings.

5  | CONCLUSION

In summary, our results demonstrated that an imbalance between 
VWF	secretion	and	ADAMTS-	13	may	play	a	critical	role	in	the	hyper-
coagulability	 state	 in	 patients	with	 advanced	NSCLC.	A	high	VWF/
ADAMTS-	13	 ratio	was	 associated	with	 tumor	 grade,	 tumor	metas-
tasis, poor response to chemotherapy, and mortality in advanced 
NSCLC patients. Our study showed that measurement of the plasma 
VWF/ADAMTS-	13	 ratio	 can	 provide	 additional	 data	 for	 evaluating	
the prognosis of advanced NSCLC patients.
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