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Abstract
Background: Improving	the	preoperative	diagnosis	of	cervical	lymph	node	metastasis	
(LNM)	will	help	 improve	 the	clinical	outcomes	of	papillary	 thyroid	carcinoma	 (PTC)	
patients.	B7-	H3,	as	an	immune	checkpoint	of	the	B7	family,	is	highly	expressed	in	PTC	
tissues	and	related	to	LNM	and	prognosis.	We	aimed	to	explore	the	clinical	values	of	
serum	B7-	H3	(sB7-	H3)	in	predicting	LNM	in	PTC	by	a	nomogram	prediction	model.
Methods: From	September	2019	to	May	2021,	a	total	of	344	PTC	patients	with	primary	
surgery	in	our	hospital	were	enrolled	in	this	research.	Enzyme-	linked	Immunosorbent	
Assay	(ELISA)	was	used	to	detect	sB7-	H3	from	the	peripheral	blood	of	PTC	patients	
and	normal	controls.	We	created	a	nomogram	prediction	model	in	combination	with	
sB7-	H3	expression,	clinical	and	ultrasound	characteristics	to	predict	LNM	in	the	early	
stage.
Results: Gender	(p =	0.001),	age	(p =	0.015),	tumor	size	(p < 0.001),	number	of	tumors	
(p =	0.021)	and	sB7-	H3	expression	(p =	0.003)	were	independent	risk	factors	for	LNM	
in	PTC.	All	 the	 factors	were	 included	 in	 the	nomogram.	The	 area	under	 the	 curve	
(AUC)	was	73.9%	(95%	CI,	68.12%–	79.69%).
Conclusion: The	nomogram	is	helpful	in	assessing	the	risk	of	LNM	in	PTC.	sB7-	H3	has	
excellent	potential	in	predicting	LNM	in	patients	with	PTC	as	an	adjunctive	ultrasound	
tool.
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1  |  INTRODUC TION

Thyroid	carcinoma	is	the	most	common	malignant	tumor	of	the	head	
and	neck.	With	the	development	of	sophisticated	ultrasound	instru-
ments	 and	 technology,,1	 the	 number	 of	 patients	 with	 early-	stage	
thyroid	cancer	has	gradually	increased	in	recent	years.	As	of	2020,	
there	were	586,000	cases	of	thyroid	carcinoma	worldwide,	ranking	
9th in the cancer incidence.2	In	China,	the	incidence	of	thyroid	car-
cinoma	ranks	7th,	but	the	mortality	rate	is	low	and	stable.3	Papillary	
thyroid	carcinoma	 (PTC)	 is	 the	most	common	type,	accounting	 for	
80%–	90%	 of	 all	 thyroid	 cancers,4	 and	most	 of	 PTC	 patients	 have	
favorable	 prognosis	 after	 standardized	 treatment.	 However,	 PTC	
patients	with	aggressive	clinicopathological	features,	including	large	
tumor	size,	cervical	lymph	node	metastasis	(LNM),	and	local	external	
invasion,	may	still	have	adverse	outcomes	such	as	recurrence,	me-
tastasis,	and	even	death.5	Although	ultrasonography	and	fine	needle	
aspiration	cytology	are	the	most	commonly	used	methods	for	PTC	
diagnosis	 and	 the	 accuracy	 of	 ultrasound	 in	 diagnosing	malignant	
thyroid	nodules	is	about	80%,	the	sensitivity	of	ultrasound	and	CT	in	
the	diagnosis	of	LNM	is	only	about	27%.6	Additionally,	the	incidence	
of	 occult	 central	 lymph	 node	metastasis	 (CLNM)	 is	 approximately	
30%–	80%	and	the	incidence	of	occult	lateral	neck	lymph	node	me-
tastasis	 (LLNM)	 is	 between	18.6%	and	64%.7	 Thus,	 improving	 the	
preoperative	 diagnosis	 of	 LNM	will	 help	 improve	 the	 clinical	 out-
comes	of	PTC	patients.

B7-	H3	(CD276),	a	member	of	the	B7	family,	has	received	exten-
sive	attention	as	a	factor	regulating	tumor	 immune	response.8	B7-	
H3	contains	a	 transmembrane	structure	and	 intracellular	part	and	
belongs	 to	 the	 transmembrane	 glycoprotein	 of	 the	 immunoglob-
ulin	superfamily.9	The	primary	 function	of	B7-	H3	 is	 to	stimulate	T	
cell	 proliferation,	 selectively	 improve	 IFN-	γproduction and act as 
a	 co-	stimulatory	molecule	 to	 exhibit	 anti-	tumor	 immunity.9–	11	 The	
expression	of	B7-	H3	is	found	in	multiple	types	of	cancer	 including	
ovarian	cancer,	prostate	cancer,	endometrial	cancer,	kidney	cancer,	
etc.,12–	15	and	high	expression	of	B7-	H3	is	associated	with	poor	tumor	
prognosis.16,17	B7-	H3	is	highly	expressed,	and	its	expression	level	is	
related	to	LNM	and	prognosis	of	PTC.18	Given	that	B7-	H3	could	be	
detected in peripheral blood,19	this	study	aimed	to	explore	the	clini-
cal	values	of	serum	B7-	H3	(sB7-	H3)	in	predicting	LNM	in	PTC.	In	the	
meantime,	we	created	a	nomogram	prediction	model	with	sB7-	H3	
expression,	 clinical	 and	 ultrasound	 characteristics	 to	 predict	 LNM	
in the early stage.

2  |  MATERIAL S AND METHODS

2.1  |  Clinical samples

From	 September	 2019	 to	May	 2021,	 a	 total	 of	 344	 PTC	 patients	
with	primary	surgery	in	the	Department	of	Head	and	Neck	Surgery,	
Cancer	 Hospital,	 Chinese	 Academy	 of	 Medical	 Sciences	 were	
enrolled	 in	 this	 research,	 with	 an	 average	 age	 of	 41.1 years	 old	
(range,	 7–	83 years	 old).	 The	 inclusion	 criteria	 were	 as	 follows:	 (1)	

Postoperative	pathology	confirmed	papillary	thyroid	carcinoma.	(2)	
Preoperative	peripheral	blood	samples	were	retained.	(3)	All	surgery	
were	performed	by	the	same	surgical	team.	The	follow-	up	time	was	
8–	30 months	 (median	 15 months).	 Fourteen	 patients	 (4.1%)	 were	
lost	to	follow-	up.	Clinical	characteristics	(age,	gender,	preoperative	
diagnosis,	and	preoperative	fine	needle	aspiration	results)	and	ultra-
sound	characteristics	were	recorded.	All	patients	were	staged	using	
the	8th	Edition	of	the	American	Joint	Committee	on	Cancer	(AJCC)	
TNM	staging	system.	The	patients'	stage	and	the	status	of	cervical	
lymph	nodes	were	determined	by	postoperative	pathology.	At	 the	
same	time,	we	included	215	healthy	volunteers	as	the	normal	control	
who	had	no	underlying	diseases	and	no	history	of	malignant	tumors	
during	the	same	period	of	physical	examination	in	our	hospital.	The	
healthy	 volunteers	 were	 20–	79 years	 old	 (average	 37.7 years	 old).	
After	1:1	matched	by	age	and	sex,	sB7-	H3	levels	of	160	PTC	patients	
and	160	people	 in	 normal	 controls	were	 compared.	All	 peripheral	
blood	samples	were	stored	at	−80°C	immediately	after	centrifuga-
tion.	This	study	was	approved	by	the	Ethics	Committee	of	Cancer	
Hospital,	Chinese	Academy	of	Medical	Sciences	and	was	conducted	
in	accordance	with	the	principles	of	the	Declaration	of	Helsinki.

2.2  |  Enzyme- linked Immunosorbent Assay (ELISA)

Peripheral	blood	was	collected	from	PTC	patients	and	normal	con-
trols.	Plasma	was	separated	by	centrifugation	and	stored	at	−80°C.	
Enzyme-	linked	Immunosorbent	Assay	(ELISA,	Proteintech)	was	used	
to	detect	human	sB7-	H3	(Human	CD276/B7-	H3).	Microtiter	plates	
were	coated	with	anti-	B7-	H3	antibodies,	serum	or	B7-	H3	standards	
were	added	and	 incubated	 for	2	h	at	37°C.	After	washing,	B7-	H3	
detection	 antibody	 conjugated	 to	 biotin	was	 added,	 and	 the	 anti-
body	was	 incubated	for	40 min	before	washing.	After	washing,	 te-
tramethylbenzidine	 substrate	 (TMB)	was	 added	 and	 incubated	 for	
15–	20 min.	H2SO4	(2	N)	was	added	to	stop	the	reaction.	The	optical	
density	of	each	well	was	 recorded	with	a	 spectrometer	at	450 nm	
wavelength	with	a	microplate	reader	(BioTek	SynergyH1).	Each	sam-
ple was analyzed by three rewells.

2.3  |  Statistical analysis

Papillary	thyroid	carcinoma	patients	and	people	in	normal	controls	
were matched 1:1 according to age and gender (Table S1).	The	paired	
t	test	was	used	to	compare	the	differences	between	paired	samples	
by	GraphPad	Prism	8	software	(GraphPad	Software	lnc.).	Continuous	
variables	 are	 presented	 as	 mean ± standard	 deviation.	 Univariate	
analysis	 was	 used	 to	 investigate	 the	 risk	 factors	 of	 lymph	 node	
metastasis	 in	PTC	by	χ2	test.	All	variables	found	to	be	statistically	
significant	were	included	in	multivariate	logistic	regression	analysis.	
Statistical	 significance	 was	 defined	 as	 a	 two-	sided	 p-	value	<0.05 
for	all	 results	 in	this	study,	unless	otherwise	stated.	Nomogram	of	
PTC	with	LNM	was	established	by	the	multivariate	 logistic	regres-
sion	model.	Its	predictive	accuracy	and	discriminatory	capacity	were	
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determined	using	the	concordance	index	(C-	index)	and	the	calibra-
tion	curve.	Statistics	were	calculated	using	SPSS	23.0.	and	R	statisti-
cal	software	(The	R	Foundation	for	Statistical	Computing).

3  |  RESULTS

3.1  |  Patient characteristics and sB7- H3 expression

Table 1	 showed	 the	basic	characteristics	of	344	PTC	patients	and	
215	 normal	 controls.	 In	 PTC	 patients,	 240	 (69.8%)	 had	 LNM,	 and	
340	 (98.8%)	were	 in	 stage	 I/II.	As	 shown	 in	Figure 1,	 the	average	
expression	level	of	sB7-	H3	in	peripheral	blood	samples	of	matched	
PTC	 patients	 (2845.83 ± 722.95 pg/ml,	 range	 1689.07–	5359.72 pg/	
ml,	 n =	 160)	 was	 higher	 than	 that	 of	 matched	 normal	 controls	

(2375.28 ± 453.85 pg/ml,	 range	1386.11–	4481.83 pg/	ml,	n = 160; 
p < 0.0001).	The	optimal	cutoff	for	sB7-	H3	expression	(2545 pg/ml)	
was	identified	by	Cutoff	Finder.	sB7-	H3 > 2545 pg/ml	was	defined	as	

TA B L E  1 PTC	patients	and	Healthy	donors'	characteristics

PTC Patients 
(n = 344)

Normal Controls 
(n = 215)

Gender

Male 98	(28.5%) 75	(34.9%)

Female 246	(71.5%) 140	(65.1%)

Age	(years)

<55 297	(86.3%) 192	(89.3%)

≥55 47	(13.7%) 23	(10.7%)

Tumor	size	(cm)

≤1 180	(52.3%) NA

>1 164	(47.7%) NA

Number	of	tumors

Multifocal 184	(53.5%) NA

Unifocal 160	(46.5%) NA

Capsule invasion

Y 257	(74.7%) NA

N 87	(25.3%) NA

Strap	muscle	invasion

Y 20	(5.8%) NA

N 324	(94.2%) NA

Pathological	stage

I 314	(91.3%) NA

II 26	(7.6%) NA

III 4	(1.2%) NA

IV 0	(0.0%) NA

Pathological	T	stage

T1 293	(85.2%) NA

T2 14	(4.1%) NA

T3 16	(4.7%) NA

T4 21	(6.1%) NA

Pathological	N	stage

N0 104	(30.2%) NA

N1 240	(69.8%) NA

F I G U R E  1 Detection	of	circulating	B7-	H3.	The	scatter	plot	
displays	the	distribution	of	serum	B7-	H3.	Significantly	elevated	
sB7-	H3	levels	were	found	in	serum	from	patients	with	PTC	
compared	with	those	in	normal	controls.	PTC,	papillary	thyroid	
carcinoma

TA B L E  2 Univariate	analysis	for	PTC	patients	with	cervical	
lymph node metastases

N0 
(n = 104)

N1 
(n = 240) p value

Gender

Male 15	(14.4%) 83	(34.6%) <0.001

Female 89	(85.6%) 157	(65.4%)

Age	(years)

<55 84	(80.8%) 213	(88.8%) 0.048

≥55 20	(19.2%) 27	(11.3%)

Tumor	size	(cm)

≤1 72	(69.2%) 108	(45.0%) <0.001

>1 32	(30.8%) 132	(55.0%)

Number	of	tumors

Multifocal 46	(44.2%) 138	(57.5%) 0.023

Unifocal 58	(55.8%) 102	(42.5%)

Capsule invasion

Y 73	(70.2%) 184	(76.7%) 0.205

N 31	(29.8%) 56	(23.3%)

Strap	muscle	invasion

Y 3	(2.9%) 17(7.1%) 0.126

N 101(97.1%) 223	(92.9%)

sB7-	H3	expression

High	expression 40	(38.5%) 137	(57.1%) 0.002

Low	expression 64	(61.5%) 103	(42.9%)

The	bold	values	indicated	the	statistical	significance.
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sB7-	H3	high	expression	(51.5%,	n =	177),	and	sB7-	H3 ≤ 2545 pg/ml	
was	defined	as	sB7-	H3	low	expression	(48.5%,	n =	167).

3.2  |  Nomogram for PTC with cervical 
lymph node metastases

Univariate	 analysis	 (Table 2)	 revealed	 that	 gender	 (p < 0.001),	 age	
(p =	0.048),	 tumor	 size	 (p < 0.001),	number	of	 tumors	 (p =	0.023),	
and	 sB7-	H3	 expression	 (p =	 0.002)	 were	 significantly	 associated	
with	LNM.	In	multivariate	analysis,	gender	(HR	0.342,	95%	CI	0.182–	
0.645,	p =	0.001),	age	(HR	0.425,	95%	CI	0.213–	0.847,	p =	0.015),	
tumor	size	(HR	2.962,	95%CI	1.765–	4.972,	p < 0.001),	number	of	tu-
mors	(HR	1.805,	95%	CI	1.093–	2.979,	p =	0.021)	and	sB7-	H3	expres-
sion	(HR	2.128,	95%	CI	1.285–	3.524,	p =	0.003)	were	independent	

risk	factors	for	LNM	in	PTC	(Table 3).	These	factors	in	the	multivari-
ate logistic regression analysis were used to create a nomogram to 
predict	LNM	in	PTC	(Figure 2).	The	area	under	the	curve	(AUC)	was	
73.9%	(95%	CI,	68.12%–	79.69%;	Figure 3).	The	C-	index	of	the	nomo-
gram	was	0.739	(95%	CI,	0.733–	0.745).	The	calibration	curve	for	the	
probability	of	LNM	showed	the	satisfied	calibration	(Figure 4).

4  |  DISCUSSION

Surgery	was	the	primary	treatment	 for	 thyroid	carcinoma.	 In	daily	
clinical	work,	surgeons	paid	great	attention	to	the	high-	risk	factors	
affecting	LNM	and	adjusted	the	surgical	plan	accordingly.	Age	and	
gender	were	 essential	 factors	 for	 the	 evaluation	 of	 thyroid	 carci-
noma.	Patients	(age < 55 years)	were	more	likely	to	have	LNM20,21 and 

HR 95%CI p value

Gender

Male Reference

Female 0.342 0.182–	0.645 0.001

Age	(years)

<55 Reference

≥55 0.425 0.213–	0.847 0.015

Tumor	size	(cm)

≤1 Reference

>1 2.962 1.765–	4.972 <0.001

Number	of	tumors

Unifocal Reference

Multifocal 1.805 1.093–	2.979 0.021

sB7-	H3	expression

Low	expression Reference

High	expression 2.128 1.285–	3.524 0.003

Abbreviations:	HR,	Hazard	ratio.	CI,	Confidence	interval.
The	bold	values	indicated	the	statistical	significance.

TA B L E  3 Multivariate	analysis	for	
PTC	patients	with	cervical	lymph	node	
metastases

F I G U R E  2 Nomogram	for	predicting	
the	risk	of	papillary	thyroid	carcinoma	
patients with cervical lymph node 
metastases.	According	to	the	patient	
value,	the	corresponding	values	of	each	
variable	were	marked	and	summed	at	each	
axis,	and	the	sum	was	marked	on	the	total	
points	axis.	Draw	a	line	perpendicular	
to	the	probability	axis	to	get	the	
corresponding probability value
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male	PTC	patients	had	a	higher	risk	of	LNM	than	female	patients.22 
This	was	consistent	with	our	findings.	This	might	be	because	male	
patients	were	generally	at	the	advanced	T	stage,	or	they	might	be	
affected	by	sex	hormones.23	We	believed	that	tumor	size	was	also	
an	essential	 factor	 in	evaluating	LNM.	Nie	et	al.	 found	 that	 tumor	
size >1.5	cm	was	an	independent	risk	factor	for	LNM.24	Other	stud-
ies	have	found	that	tumor	size	>2	cm	increased	the	risk	of	LNM	in	
PTC	patients.7	For	PTC	patients	with	tumor	diameter ≤1	cm,	Siddiqui	
et	al.	considered	that	the	tumor	size	of	thyroid	microcarcinoma	had	
no	 significant	 statistical	 difference	with	 the	 LNM.25	 According	 to	

this	study,	tumor	size	(>1	cm)	was	an	independent	risk	factor	for	pre-
dicting	LNM.	Different	studies	have	different	definitions	of	 tumor	
size	cutoff,	but	generally,	it	was	consistent	that	LNM	was	more	likely	
to	occur	in	PTC	patients	with	larger	tumors.	This	suggested	that	the	
risk	of	LNM	should	be	carefully	evaluated	before	surgery	in	patients	
with	 large	 tumors.	 Thus,	we	 added	 this	 variable	 to	 the	 prediction	
model.	Multifocal	tumor	was	also	a	risk	factor	for	LNM.26–	28	Patients	
with	multifocal	PTC	tended	to	have	a	higher	clinical	stage	and	were	
more	likely	to	have	tumor	recurrence	and	death.29 Lombardi et al.30 
found	that	patients	with	multifocal	PTC	were	17.9	times	more	likely	
to	develop	LNM	 than	other	PTC	patients.	Our	 study	 also	 showed	
that	patients	with	multifocal	PTC	have	a	higher	proportion	of	LNM.	
We	 considered	 that	 some	multifocal	 cases	were	 independent	 pri-
mary	tumors,	while	others	were	due	to	the	spread	of	single	cancer	
into	the	thyroid	gland.	However,	the	latter	was	often	accompanied	
by	multiple	LNM.31

In	the	diagnosing	and	treating	PTC,	practice	specific	molecular	
markers	 still	 needed	 to	 be	used	 to	 identify	 potential	 high-	risk	 pa-
tients.	Thus,	it	was	crucial	to	find	new	and	valuable	diagnostic	mark-
ers.	 Immune	checkpoint	B7–	H3	has	shown	promising	prospects	 in	
a	variety	of	carcinoma.	Our	previous	studies	have	also	shown	that	
B7–	H3	was	highly	expressed	in	PTC	tissues	and	was	associated	with	
LNM	at	 the	 tissue	 level.	 To	 further	 explore	 the	 expression	 of	B7-	
H3	 in	blood,	we	used	ELISA	to	quantitatively	measure	 the	soluble	
concentration	of	B7-	H3	 in	 peripheral	 blood	 samples	 in	 this	 study.	
The	 results	 showed	 that	 sB7-	H3	 expression	 was	 significantly	 up-	
regulated	 in	 the	 peripheral	 blood	 of	 PTC	 patients	 compared	with	
healthy	donors.	Moreover,	the	multivariate	analysis	also	suggested	
that	 sB7-	H3	 expression	 was	 an	 independent	 risk	 factor	 affecting	
LNM	in	PTC	patients.	Therefore,	sB7-	H3	in	peripheral	blood	of	PTC	
patients	might	be	used	as	a	new	diagnostic	marker	for	future	screen-
ing	of	high-	risk	patients.

F I G U R E  3 ROC	curve	for	the	prediction	model.	AUC	was	73.9%	
(95%	confidence	interval,	68.12%–	79.69%)
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F I G U R E  4 Calibration	curve	for	the	
nomogram	of	LNM.	The	X-	axis	showed	
the	predicted	probability	of	LNM.	The	
Y-	axis	showed	the	actual	probability	of	
LNM.	LNM,	lymph	node	metastasis
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Nomogram	had	the	advantage	of	accurately	predicting	the	risk	
of	LNM	in	PTC	patients	which	has	been	used	in	diagnosing	of	thyroid	
carcinoma.32	In	this	study,	gender,	age,	tumor	size,	number	of	tumors	
and	sB7-	H3	expression	were	considered	as	potential	risk	factors	for	
PTC	with	LNM.	Nomogram	 in	 this	study	was	composed	of	clinical	
characteristics,	preoperative	ultrasound	characteristics,	and	sB7-	H3	
expression	which	 could	be	used	 to	assess	 the	 risk	of	 LNM	before	
surgery.	When	nomogram	showed	a	high	risk	of	LNM,	surgeons	can	
perform	cervical	 lymph	node	dissection	 in	combination	with	 intra-
operative	exploration	and	intraoperative	frozen	pathological	results.	
For	example,	a	25-	year-	old	(79	scores)	woman	(0	scores),	of	which	
the preoperative ultrasound showed multiple malignant nodules (55 
scores)	with	the	maximum	diameter	of	more	than	1	cm	(100	scores).	
Her	 sB7-	H3	 expression	 level	 was	 high	 (70	 scores).	 This	 patient's	
total	score	was	304.	The	probability	of	LNM	was	about	85%	to	90%.	
Unlike	previous	studies,	we	used	clinical	characteristics,	ultrasound	
characteristics	and	sB7-	H3	expression	 to	 increase	 the	accuracy	of	
LNM	 prediction.	 It	 was	more	 convenient	 and	 accurate	 to	make	 a	
personalized	diagnosis	and	 treatment	plan	 for	patients.	This	study	
had	 some	 limitations.	 Firstly,	 this	 study	 lacked	 postoperative	 pa-
tients'	 peripheral	 blood	 samples	 to	 evaluate	 the	 dynamic	 changes	
of	sB7-	H3,	which	was	to	monitor	recurrence	and	predict	prognosis.	
Secondly,	this	study	lacked	patients'	peripheral	blood	samples	with	
benign	thyroid	nodules	as	a	control	to	evaluate	the	feasibility	of	sB7-	
H3	in	diagnosing	of	benign	and	malignant	thyroid	nodules.	In	addi-
tion,	the	sample	size	of	this	study	was	insufficient	and	the	follow-	up	
time	was	short,	which	might	cause	some	bias.	Therefore,	the	multi-
center	prospective	study	was	the	direction	of	our	future	research.

In	conclusion,	 the	nomogram	 is	helpful	 in	assessing	 the	 risk	of	
LNM	 in	PTC.	 sB7-	H3	has	excellent	potential	 in	predicting	 LNM	 in	
patients	with	PTC	as	an	adjunctive	ultrasound	tool.
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