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Abstract
Objective: We	explored	the	impact	of	clinically	significant	portal	hypertension	
(CSPH)	on	short-		and	 long-	term	outcomes	of	 intrahepatic	cholangiocarcinoma	
(ICC)	after	liver	resection	(LR).
Methods: Data	of	352	ICC	patients	with	cirrhosis	who	underwent	LR	were	ex-
tracted	from	the	Primary	Liver	Cancer	Big	Data	(PLCBD)	between	2005	and	2015	
and	 reviewed.	 A	 nomogram	 based	 on	 logistic	 analyses	 was	 developed	 to	 illus-
trate	the	influencing	factors	of	post-	hepatectomy	liver	failure	(PHLF).	The	impact	
of	 CSPH	 on	 long-	term	 survival	 was	 explored	 through	 propensity	 score	 match-
ing	(PSM)	analysis,	log-	rank	test,	Cox	proportional	hazards	model,	and	Kaplan–	
Meier	curves.
Results: A	total	of	106	patients	had	CSPH,	and	246	patients	did	not.	A	nomogram	
established	based	on	GGT	level,	CSPH,	intraoperative	blood	loss,	and	multiple	tu-
mors	had	an	area	under	the	receiver	operating	characteristic	curve	of	0.721	(95%	
confidence	interval	[CI] = 0.630–	0.812),	which	displayed	a	better	PHLF	predic-
tive	value	than	the	MELD	score	(0.639,	95%	CI = 0.532–	0.747)	and	Child–	Pugh	
score	(0.612,	95%	CI = 0.506–	0.719).	Moreover,	the	patients	with	CSPH	had	worse	
overall	survival	(OS)	rates	than	the	patients	without	CSPH	in	the	whole	cohort	
(p = 0.011)	and	PSM	cohort	(p = 0.017).	After	PSM,	multivariable	Cox	analyses	
identified	that	CSPH	was	an	independent	risk	factor	for	OS	(hazard	ratio = 1.585,	
95%	CI = 1.107–	2.269;	p = 0.012).
Conclusion: CSPH	is	a	significant	risk	factor	for	PHLF	and	OS	in	ICC	patients	
with	cirrhosis	after	 surgery.	Selecting	 the	proper	patients	before	operation	can	
effectively	avoid	PHLF	and	improve	the	prognosis	of	ICC.
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1 	 | 	 INTRODUCTION

Intrahepatic	cholangiocarcinoma	(ICC),	the	second	lead-
ing	primary	liver	cancer,	has	been	increasing	in	incidence	
worldwide	 during	 the	 past	 decades,	 accounting	 for	 5%–	
20%	 of	 the	 primary	 liver	 cancer	 population.1,2	 Although	
the	 exact	 pathogenesis	 of	 ICC	 remains	 unclear,	 current	
studies	 have	 demonstrated	 that	 multiple	 causative	 risk	
factors,	 including	 hepatitis	 virus	 infection,	 hepatolithia-
sis,	and	cirrhosis,	are	involved	in	the	development	of	this	
malignancy.3,4	Cirrhosis	can	be	observed	in	27.8%–	50.5%	
of	patients	with	ICC,5–	7	which	is	 largely	a	result	of	viral	
hepatitis,	alcohol	abuse,	and	hepatolithiasis.8

Liver	 resection	 (LR)	 remains	 the	 potential	 curative	
therapy	for	patients	with	ICC.9	However,	many	challenges	
remain	in	the	management	of	LR.10	On	the	one	hand,	the	
resectability	 of	 ICC	 is	 still	 low,	 and	 patients	 with	 unre-
sectable	tumors	have	an	extremely	short	survival	 time.11	
On	 the	 other	 hand,	 even	 after	 LR,	 the	 risk	 of	 tumor	 re-
currence	and	metastases	 is	still	high,	resulting	in	a	poor	
survival	outcome.12,13	The	currently	reported	5-	year	over-
all	survival	(OS)	rates	after	hepatectomy	range	from	20%	
to	 35%.14,15	 The	 effectiveness	 of	 liver	 transplantation,	
transarterial	chemoembolization,	and	ablation	remains	to	
be	determined	in	patients	with	ICC.16	A	recent	study	has	
summarized	 the	 clinical	 efficacy	 of	 futibatinib,	 a	 FGFR	
antagonist,	and	pointed	out	that	ICC	patients	with	FGFR2	
gene	fusions	or	other	rearrangements	could	acquire	a	sur-
vival	benefit	from	futibatinib.17	However,	this	conclusion	
needs	further	studies	to	be	confirmed	in	the	future.

In	 general,	 some	 cirrhotic	 patients	 present	 with	 clin-
ically	 significant	 portal	 hypertension	 (CSPH)	 as	 time	
goes	 by,	 which	 is	 considered	 a	 contraindication	 for	 sur-
gery.	However,	LR	 is	also	performed	 in	selected	oriental	
patients	 with	 CSPH	 because	 of	 a	 lack	 of	 other	 effective	
therapies	for	ICC.5–	7	Although	the	effectiveness	and	safety	
of	LR	in	these	patients	have	been	reported,7	the	impact	of	
CSPH	on	short-		and	long-	term	survival	after	LR	in	those	
patients	remains	unclear.

This	 study	 sought	 to	 verify	 the	 influence	 of	 CSPH	
on	 short-	term	 survival,	 especially	 the	 incidence	 of	 post-	
hepatectomy	 liver	 failure	 (PHLF),	 in	 ICC	 after	 surgery.	
The	 impact	 of	 CSPH	 on	 long-	term	 survival	 in	 patients	
with	 ICC	 after	 hepatectomy	 was	 also	 explored	 through	
propensity	score	matching	(PSM).

2 	 | 	 PATIENTS AND METHODS

2.1	 |	 Patient selection

Data	 on	 394	 cirrhotic	 patients	 who	 underwent	 R0	 re-
section	 with	 histopathologically	 confirmed	 ICC	 were	

extracted	 from	 the	 Primary	 Liver	 Cancer	 Big	 Data	
(PLCBD)	 in	 Fujian	 province	 from	 September	 2005	 to	
December	2015	and	reviewed.	Of	these	patients,	42	were	
excluded	as	follows:	10	for	extrahepatic	distant	metasta-
sis,	 4	 for	 receiving	 preoperative	 anticancer	 treatments,	
23	 for	 lost	 to	 follow-	up,	 and	 5	 for	 incomplete	 clinical	
data.	 The	 remaining	 352	 patients	 were	 enrolled	 in	 the	
analysis.

2.2	 |	 Preoperative work- up and 
liver resection

Before	surgery,	the	patients	were	routinely	asked	for	de-
mographic	information.	Routine	laboratory	examinations	
and	imaging	studies	were	also	tested.	Upper	gastrointesti-
nal	endoscopy	or	barium	enema	examination	of	the	upper	
digestive	 tract	 and	 cardiopulmonary	 function	 were	 also	
routinely	performed.	WHO	classification	criteria	are	 the	
basis	of	the	clinical	diagnosis	of	ICC.15

Surgical	 indications	 were	 as	 follows:	 (1)	 good	 perfor-
mance	 (ECOG	score	0–	2)	without	 significant	heart,	kid-
ney,	 lung,	 and	 other	 important	 organ	 diseases;	 (2)	 liver	
function	 within	 Child–	Pugh	 grade	 A	 or	 B7,	 without	 re-
fractory	ascites;	 (3)	 tumor	 localized	 to	 the	 liver	 segment	
or	 lobe	 with	 no	 evidence	 of	 distant	 tumor	 metastasis	
and	removal	of	the	liver	parenchyma	with	the	possibility	
of	 maintaining	 a	 liver	 remnant	 of	≥50%	 using	 measure-
ments	from	preoperative	CT/MRI;	(4)	no	history	of	vari-
ceal	bleeding,	cirrhosis	mild	to	moderate,	and	esophageal	
and	 gastric	 varices	 moderate	 to	 severe	 without	 bleeding	
tendency,	namely,	 red	color	signs;	and	(5)	platelet	count	
≥75 × 109/L.

Detailed	surgical	procedures	were	similar	to	those	pre-
viously	reported.18,19	Regional	lymphadenectomy	was	rou-
tinely	 performed	 for	 pre-	operatively	 or	 intra-	operatively	
diagnosed	 ICC.	 Histopathological	 examination	 of	 the	
tumor	specimens	was	routinely	performed.

2.3	 |	 Definitions

The	 presence	 of	 preoperative	 CSPH	 was	 defined	 as	 the	
presence	of	esophagogastric	varices	or	splenomegaly	(di-
ameter	>12 cm)	with	a	platelet	count	<100 × 109/L,	which	
is	 based	 on	 the	 definition	 of	 standard	 surrogate	 criteria	
proposed	 by	 the	 Barcelona	 Clinic	 Liver	 Cancer	 (BCLC)	
classification.20	The	MELD	score	was	calculated	using	the	
following	formula:	MELD = (0.957 × Loge	[creatinine	in	
mg/dl] + 0.378 × Loge	[bilirubin	in	mg/dl] + 1.12 × Loge	
[INR] + 0.643) × 10.21	PHLF	was	defined	according	to	the	
50–	50	criteria:	of	PT	prothrombin	time	less	than	50%	and	
serum	TBIL	>50 µmol/L	on	postoperative	day	5.22	Surgical	
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complications	were	classified	and	graded	according	to	the	
Clavien–	Dindo	classification.23

2.4	 |	 Follow- up protocol and endpoints

After	hepatectomy,	patients	were	followed	up	once	every	
2 months	in	the	first	2 years	and	once	every	3–	6 months	
thereafter.	 The	 patients	 with	 CSPH	 were	 asked	 if	 they	
had	 any	 tendency	 or	 signs	 of	 bleeding,	 including	 upper	
gastrointestinal	hemorrhage.	The	diagnosis	of	ICC	recur-
rence	 was	 the	 same	 as	 that	 of	 the	 initial	 ICC	 diagnosis.	
Treatment	options	after	relapse	were	discussed	by	a	mul-
tidisciplinary	team	as	previously	reported.

OS	and	time	to	recurrence	(TTR)	were	the	primary	end-
points	of	 this	study.	The	secondary	endpoint	was	PHLF.	
OS	was	calculated	as	the	interval	between	the	date	of	LR	
to	 the	 date	 of	 last	 follow-	up	 or	 patient	 death.	 TTR	 was	
computed	from	the	date	of	LR	to	the	date	of	identification	
of	disease	recurrence.	Surgical	morbidity,	including	PHLF	
and	mortality,	was	also	observed.	This	study	was	censored	
on	30	October	2018.

2.5	 |	 Statistical analysis

Continuous	variables	were	described	as	 the	median	and	
interquartile	 range	 (IQR)	 or	 mean  ±  standard	 deviation	
(SD),	 and	 Student's	 t-	test	 or	 Mann–	Whitney	 U	 test	 was	
used	 to	 compare	 differences.	 Categorical	 variables	 were	
described	as	the	number	of	cases	and	percentage,	and	chi-	
squared	test	or	Fisher's	exact	test	was	used	to	compare	the	
differences	between	the	two	groups	if	necessary.	A	nomo-
gram	was	established	using	the	“rms”	package	of	R,	ver-
sion	 3.1.1	 (http://www.r-	proje	ct.org/).	 The	 performance	
of	 the	 predictive	 model	 was	 assessed	 using	 the	 receiver	
operating	 characteristic	 (ROC)	 curves	 and	 the	 corre-
sponding	area	under	the	curve	(AUC).	The	Kaplan–	Meier	
method	was	used	to	plot	survival	curves,	and	the	log-	rank	
test	was	used	for	comparison.	The	Cox	proportional	haz-
ards	model	was	used	 to	analyze	 independent	prognostic	
factors	of	OS	and	tumor	recurrence.

A	 one-	to-	one	 PSM	 was	 used	 to	 balance	 the	 differ-
ences	 in	 baseline	 clinicopathological	 features	 between	
the	CSPH	and	non-	CSPH	groups.24	Covariates	included	in	
the	PSM	analysis	were	TBIL,	AST,	PT,	Child–	Pugh	score,	
intraoperative	blood	loss,	and	tumor	number	to	calculate	
the	propensity	score	by	logistic	regression.	Individuals	in	
the	CSPH	group	were	matched	to	those	in	the	non-	CSPH	
group	by	a	1:1	nearest	neighbor	matching	with	a	caliper	
of	0.2	and	without	replacement	to	realize	the	closest	esti-
mated	propensity	score	values	between	the	two	groups	in	
PSM.25	After	PSM,	a	new	cohort	was	created	with	minimal	

differences	 in	 patient	 clinicopathological	 characteristics	
between	the	two	groups.

Statistical	 analyses	 were	 performed	 using	 SPSS	 (IBM	
SPSS	 for	 Windows,	 version	 22.0;	 IBM	 Corp.)	 and	 PSM	
for	SPSS	version	22.0	(R	statistical	package	version	2.15;	
Cornell	University,	USA).	All	 reported	p	 values	were	bi-
lateral,	 and	 statistical	 significance	 was	 considered	 at	
p < 0.05.

3 	 | 	 RESULTS

3.1	 |	 Baseline characteristics

Among	 352	 patients	 with	 cirrhosis	 who	 underwent	 LR,	
106	 (30.1%)	 patients	 had	 CSPH,	 whereas	 the	 remaining	
246	(69.9%)	patients	did	not	(Figure 1).	Table 1	shows	the	
baseline	demographic	and	clinicopathological	character-
istics	of	patients	with	or	without	CSPH.	After	PSM	analy-
sis,	 the	 baseline	 characteristics	 between	 the	 two	 groups	
were	balanced	well.

3.2	 |	 Surgical complication and PHLF 
in the whole cohort

Among	 these	 352	 patients,	 113	 (32.1%)	 patients	 experi-
enced	postoperative	complications,	with	44	(41.5%)	and	
69	 (28.0%)	 patients	 having	 CSPH	 or	 not,	 respectively	
(p  =  0.013).	 In	 total,	 six	 (1.7%)	 patients	 died	 within	
90  days	 after	 LR	 (two	 from	 the	 CSPH	 group	 and	 four	
from	 the	 non-	CSPH	 group,	 p  =  1.000).	 The	 hierarchy	
of	 Clavien–	Dindo	 complications	 of	 grades	 I/II,	 III/IV,	
and	V	was	observed	in	33	(31.1%),	9	(8.5%),	and	2	(1.9%)	
and	in	51	(20.7%),	14	(5.7%),	and	4	(1.6%)	from	the	two	
groups,	respectively.

Among	 these	 352	 patients,	 27	 (7.6%)	 patients	 had	
PHLF,	20	patients	presenting	with	PHLF	90 days	after	sur-
gery.	Another	 seven	patients	with	PHLF	were	 identified	
more	than	90 days	after	surgery.	Detailed	information	on	
complications	at	90 days	after	surgery	is	listed	in	Table 2.

3.3	 |	 Independent risk factors of PHLF

When	this	study	was	censored,	27	patients	had	PHLF,	and	
the	occurrence	rate	of	PHLF	was	7.6%.	Based	on	the	results	
of	 multivariable	 logistic	 regression	 analyses,	 the	 inde-
pendent	risk	factors	of	PHLF	among	all	352	patients	were	
GGT	>64 IU/L	(odds	ratio	[OR]:	3.477,	95%	confidence	in-
terval	[CI] = 1.414–	8.553),	CSPH	presence	(2.711,	1.160–	
6.335),	intraoperative	blood	loss	(3.427,	1.356–	8.622),	and	
multiple	tumors	(2.543,	1.034–	6.230)	(Table 3).

http://www.r-project.org/
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3.4	 |	 Establishing the 
predictive nomogram for PHLF

The	 nomogram	 of	 the	 PHLF	 probabilistic	 prediction	
model	was	constructed	(Figure 2A)	using	the	four	factors	
mentioned	in	Table 3.	The	points	of	each	factor	were	cal-
culated	by	their	weight	of	ORs.	Then,	the	final	score	was	
calculated	to	acquire	the	probability	of	PHLF	in	a	patient	
with	ICC	after	surgery.	In	addition,	the	calibration	curve	
showed	 good	 agreement	 between	 the	 likelihood	 of	 our	
PHLF	 nomogram	 and	 the	 actual	 observed	 incidence	 of	
PHLF	in	patients	with	ICC	(Figure 2B).

Using	 the	 nomogram,	 we	 calculated	 the	 nomogram	
score	 for	 every	 patients	 and	 then	 compared	 it	 with	 the	
Child–	Pugh	and	MELD	scores	to	assess	the	performance	
of	 PHLF	 prediction	 through	 the	 ROC	 curves.	 Figure  2C	
shows	 that	 the	 AUC	 value	 of	 the	 nomogram	 score	 was	
0.721	(95%	CI:	0.630–	0.812),	which	was	greater	than	that	
of	 the	MELD	score	(0.639,	95%	CI:	0.532–	0.747)	and	the	
Child–	Pugh	score	(0.612,	95%	CI:	0.506–	0.719).

3.5	 |	 Impact of CSPH on long- term 
prognosis in entire cohort

After	 follow-	up,	 352	 patients	 had	 a	 median	 survival	 of	
51.9 months	(IQR,	39.1,	85.5 months).	Tumor	recurrence	oc-
curred	in	236	(67.0%)	patients	and	218	(61.9%)	patients	died.

The	patients	without	CSPH	had	better	OS	than	the	pa-
tients	with	CSPH,	with	1-	,	3-	,	and	5-	year	OS	rates	of	68.0%,	
45.0%,	and	36.2%	versus	50.0%,	30.4%,	and	26.8%,	respec-
tively	(p = 0.011,	Figure 3A).	However,	no	significant	dif-
ference	in	tumor	recurrence	was	found	between	the	two	
groups.	The	1-	,	3-	,	and	5-	year	recurrence	rates	were	47.5%,	
66.8%,	and	73.7%	versus	57.6%,	69.3%,	and	74.0%,	respec-
tively	(p = 0.330;	Figure 3B).

Table S1	shows	the	results	of	univariable	analysis	of	OS	
and	tumor	recurrence.	Multivariable	analyses	identified	that	
the	 presence	 of	 CSPH	 (hazard	 ratio	 [HR]:	 1.526,	 95%	 CI:	
1.148–	2.027),	large	tumor	diameter	(1.061,	1.021–	1.103),	mul-
tiple	tumors	(1.569,	1.150–	2.141),	presence	of	microvascular	
invasion	 (MVI)	 (2.135,	 1.510–	3.018),	 and	 nodal	 metastasis	

F I G U R E  1  The	flow	chart	of	this	study
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T A B L E  1 	 Baseline	characteristics	for	patients	with	and	without	CSPH

Variable

Whole cohort (n = 352) PSM cohort (n = 198)

Non- CSPH 
(n = 246) CSPH (n = 106) p value

Non- CSPH 
(n = 99) CSPH (n = 99) p value

Age,	year 52.0 ± 10.5 52.7 ± 9.9 0.590 53.7 ± 10.2 53.1 ± 9.9 0.663

Age,	>65 years,	n	
(%)

29.0	(11.8) 11.0	(10.4) 0.702 16.0	(16.2) 11.0	(11.1) 0.300

Gender,	n	(%)

Male 209.0	(85.0) 93.0	(87.7) 0.494 83.0	(83.8) 88.0	(88.9) 0.300

Female 37.0	(15.0) 13.0	(12.3) 16.0	(16.2) 11.0	(11.1)

Hepatobiliary	flukes,	n	(%)

Yes 3.0	(1.2) 3.0	(2.8) 0.371 2.0	(2.0) 3.0	(3.0) 1.000

No 243.0	(98.8) 103.0	(97.2) 97.0	(98.0) 96.0	(97.0)

Hepatolithiasis,	n	(%)

Yes 16.0	(6.5) 8.0	(7.5) 0.722 5.0	(5.1) 8.0	(8.1) 0.389

No 230.0	(93.5) 98.0	(92.5) 94.0	(94.9) 91.0	(91.9)

HBsAg,	n	(%)

Positive 207.0	(84.1) 92.0	(86.8) 0.524 81.0	(81.8) 85.0	(85.9) 0.440

Negative 39.0	(15.9) 14.0	(13.2) 18.0	(18.2) 14.0	(14.1)

HCV-	Ab,	n	(%)

Positive 4.0	(1.6) 3.0	(2.8) 0.434 3.0	(3.0) 3.0	(3.0) 1.000

Negative 242.0	(98.4) 103.0	(97.2) 96.0	(97.0) 96.0	(97.0)

TBIL,	mg/dla	 0.8	(0.6,	1.0) 0.9	(0.7,	1.1) 0.009 0.8	(0.6,	1.1) 0.9	(0.7,	1.1) 0.238

ALB,	g/L 41.3 ± 4.2 41.1 ± 6.1 0.755 40.4 ± 4.6 41.0 ± 5.4 0.381

ALT,	IU/La	 35.9	(26.3,	55.2) 35.3	(23.7,	57.5) 0.691 35.8	(26.0,	47.9) 35.3	(22.1,	57.6) 0.958

AST,	IU/La	 32.4	(25.0,	43.6) 32.8	(25.5,	47.2) 0.723 31.9	(24.4,	43.6) 33.4	(26.1,	47.4) 0.456

GGT,	IU/La	 65.0	(39.0,	131.7) 86.5	(44.0,	168.0) 0.025 68.0	(41.0,	116.0) 87.0	(44.0,	168.0) 0.067

PT,	seconda	 12.1	(11.7,	12.9) 12.7	(11.8,	13.5) 0.001 12.4	(11.7,	13.2) 12.4	(11.7,	13.3) 0.482

Child–	Pugh	scorea	 5.0	(5.0,	6.0) 6.0	(5.0,	6.0) 0.003 5.0	(5.0,	6.0) 5.0	(5.0,	6.0) 0.390

Child–	Pugh	grade,	n	(%)

A 229.0	(93.1) 92.0	(86.8) 0.056 92.0	(92.9) 88.0	(88.9) 0.323

B 17.0	(6.9) 14.0	(13.2) 7.0	(7.1) 11.0	(11.1)

MELD	score 7.5 ± 2.0 7.9 ± 2.0 0.077 7.8 ± 2.3 7.8 ± 2.0 0.981

MELD	score,	n	(%)

<9 227.0	(92.3) 90.0	(84.9) 0.016 88.0	(88.9) 88.0	(88.9) 0.693

9–	10 5.0	(2.0) 9.0	(8.5) 4.0	(4.0) 6.0	(6.1)

>10 14.0	(5.7) 7.0	(6.6) 7.0	(7.1) 5.0	(5.1)

AFP,	μg/La	 7.9	(3.7,	53.5) 9.0	(4.0,	66.7) 0.675 6.4	(3.2,	38.2) 9.4	(3.7,	62.7) 0.313

CEA,	μg/La	 2.5	(1.6,	4.2) 2.4	(1.6,	3.6) 0.375 2.9	(1.5,	4.4) 2.4	(1.6,	3.7) 0.557

CA19-	9,	IU/mla	 36.5	(17.1,	103.7) 43.7	(21.5,	84.5) 0.518 41.5	(17.2,	115.8) 43.8	(21.8,	84.0) 0.997

Intraoperative	blood	loss,	n	(%)

Yes 37.0	(15.0) 25.0	(23.6) 0.054 18.0	(18.2) 21.0	(21.2) 0.592

No 209.0	(85.0) 81.0	(76.4) 81.0	(81.8) 78.0	(78.8)

Intraoperative	
blood	loss,	mla	

200.0	(150.0,	400.0) 200.0	(150.0,	525.0) 0.308 200.0	(150.0,	400.0) 200.0	(150.0,	500.0) 0.742

(Continues)



6990 |   FU et al.

(1.467,	 1.059–	2.030)	 were	 independent	 risk	 factors	 for	 OS.	
Moreover,	elevated	levels	of	CEA	(1.002,	1.000–	1.004),	large	
tumor	diameter	(1.038,	1.011–	1.078),	multiple	tumors	(1.359,	
1.005–	1.837),	and	the	presence	of	MVI	(2.059,	1.469–	2.886)	
were	independent	risk	factors	for	tumor	recurrence	(Table 4).

3.6	 |	 Impact of CSPH on long- term 
prognosis in the PSM cohort

Of	 the	 198	 patients	 of	 the	 matching	 cohort,	 134	 (67.6%)	
patients	exhibited	tumor	recurrence	and	126	(63.6%)	pa-
tients	died.

The	patients	with	CSPH	still	had	a	worse	OS	than	the	
patients	 without	 CSPH.	 The	 1-	,	 3-	,	 and	 5-	year	 survival	
rates	 for	 these	two	groups	were	50.5%,	31.7%,	and	27.8%	
versus	 72.9%,	 45.4%,	 and	 37.5%,	 respectively	 (p  =  0.017;	
Figure 3C).	No	significant	difference	in	tumor	recurrence	
rates	was	found	among	the	PSM	cohort.	The	1-	,	3-	,	and	5-	
year	recurrence	rates	were	57.3%,	69.7%,	and	74.7%	versus	
47.4%,	 64.0%,	 and	 76.0%,	 respectively,	 for	 the	 CSPH	 and	
non-	CSPH	groups	(p = 0.324;	Figure 3D).

Table S2	shows	the	results	of	univariable	analysis	of	OS	
and	 tumor	 recurrence	 in	 the	 PSM	 cohort.	 Multivariable	
analyses	showed	that	elevated	CEA	levels	(HR:	1.003,	95%	
CI:	1.000–	1.006),	the	presence	of	CSPH	(1.585,	1.107–	2.269),	

Variable

Whole cohort (n = 352) PSM cohort (n = 198)

Non- CSPH 
(n = 246) CSPH (n = 106) p value

Non- CSPH 
(n = 99) CSPH (n = 99) p value

Hepatectomy,	n	(%)c	

Wedge	resection 182	(74.0) 89	(84.0) 0.041 74	(74.7) 74	(74.7) 0.077

≥1	segment 64	(26.0) 17	(16.0) 25	(25.3) 25	(25.3)

Pringle	maneuver,	n	(%)

Yes 202	(82.1) 82	(77.4) 0.300 82	(82.8) 76	(76.8) 0.288

No 44	(17.9) 24	(22.6) 17	(17.2) 23	(23.2)

Clamp	time,	
minutesa	

16.0	(9.7,	22.0) 14.5	(5.7,	18.2) 0.036 15.0	(8.0,	20.0) 14.0	(5.0,	18.0) 0.177

Operation	time,	
hoursa	

1.7	(1.5,	2.3) 2.0	(1.5,	2.5) 0.053 1.9	(1.5,	2.5) 2.0	(1.5,	2.5) 0.502

Resection	margin,	
cm

0.3 ± 0.6 0.3 ± 0.5 0.243 0.3 ± 0.6 0.3 ± 0.5 0.342

Tumor	diameter,	
cma,b	

5.0	(3.7,	7.8) 4.5	(3.2,	8.0) 0.637 4.8	(3.5,	7.3) 4.5	(3.2,	8.0) 0.940

Tumor	number,	n	(%)

Multiple 66.0	(26.8) 15.0	(14.2) 0.010 13.0	(13.1) 14.0	(14.1) 0.836

Single 180.0	(73.2) 91.0	(85.8) 86.0	(86.9) 85.0	(85.9)

Microvascular	invasion,	n	(%)

Yes 40.0	(16.3) 16.0	(15.1) 0.784 17.0	(17.2) 13.0	(13.1) 0.428

No 206.0	(83.7) 90.0	(84.9) 82.0	(82.8) 86.0	(86.9)

Direct	invasion,	n	(%)

Yes 14.0	(5.7) 6.0	(5.7) 0.991 9.0	(9.1) 5.0	(5.1) 0.267

No 232.0	(94.3) 100.0	(94.3) 90.0	(90.9) 94.0	(94.9)

Nodal	metastasis,	n	(%)

Yes 51.0	(20.7) 17.0	(16.0) 0.306 21.0	(21.2) 17.0	(17.2) 0.470

No 195.0	(79.3) 89.0	(84.0) 78.0	(78.8) 82.0	(82.8)

Abbreviations:	AFP,	alpha-	fetoprotein;	ALB,	albumin;	ALT,	alanine	transaminase;	AST,	aspartate	aminotransferase;	CA19-	9,	carbohydrate	antigen	19-	9;	CEA,	
carcinoembryonic	antigen;	CSPH,	clinically	significant	portal	hypertension;	GGT,	gamma-	glutamyl	transpeptidase;	HBsAg,	hepatitis	B	surface	antigen;	HCV,	
hepatitis	C	virus;	INR,	international	normalized	ratio;	MELD,	model	for	end-	stage	liver	disease;	PT,	prothrombin	time;	TBIL,	total	bilirubin.
aMedian	and	IQR;	other	continuous	variables	are	described	in	mean ± SD;	all	categorical	variables	are	reported	in	percentage	(n	%).
bLargest	diameter	measure	for	a	solitary	tumor;	diameter	of	the	largest	nodule	in	multiple	tumors.
cA	few	patients	also	received	splenectomy	and/or	paraesophagogastric	devascularization	simultaneously.
Bold	values	indicate	statistical	significance.

T A B L E  1 	 (Continued)
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large	tumor	diameter	(1.068,	1.020–	1.118),	and	presence	of	
MVI	(1.646,	1.022–	2.648)	were	independent	risk	factors	for	
OS.	In	addition,	large	tumor	diameter	(1.066,	1.019–	1.115)	
and	 presence	 of	 MVI	 (1.062,	 1.011–	2.537)	 were	 indepen-
dent	risk	factors	for	tumor	recurrence	(Table 5).

3.7	 |	 Subgroup analysis in the 
PSM cohort

We	 divided	 the	 PSM	 cohort	 into	 two	 subgroups:	 group	
tumor	diameter	≥5 cm	and	group	tumor	diameter	<5 cm.	
Kaplan–	Meier	 curve	 showed	 that	 the	 OS	 significantly	
improved	 in	 the	 non-	CSPH	 group	 compared	 with	 the	
CSPH	 group	 with	 a	 tumor	 diameter	≥5  cm	 (p  =  0.048).	
However,	in	patients	with	a	diameter	<5 cm	(p = 0.141),	

no	significant	difference	in	OS	was	found	between	the	two	
groups	(Figure S1).

4 	 | 	 DISCUSSION

In	 this	 study,	 we	 identified	 CSPH	 and	 other	 factors	 sig-
nificantly	 associated	 with	 PHLF	 in	 resectable	 ICC	 with	
cirrhosis	and	then	developed	a	nomogram	to	predict	post-
surgical	PHLF.	We	also	analyzed	the	 influence	of	CSPH	
on	long-	term	survival	outcomes	after	LR.	Analysis	follow-
ing	PSM	showed	that	CSPH	was	a	significant	risk	factor	
for	OS	after	hepatectomy,	although	 it	had	no	 impact	on	
recurrence.

Currently,	 the	 availability	 of	 LR	 for	 the	 treatment	 of	
hepatocellular	 carcinoma	 (HCC)	 patients	 with	 CSPH	

Complication
Total 
(n = 352)

Non- CSPH 
(n = 246)

CSPH 
(n = 106)

p 
value

Overall	complications,	n	(%) 113	(32.1) 69	(28.0) 44	(41.5) 0.013

PHLF,	n	(%) 20	(5.6) 12	(4.8) 8	(7.5) 0.321

Urinary	tract	infection,	n	(%) 11	(3.1) 6	(2.4) 5	(4.7) 0.260

Wound/fascia	dehiscence,	n	(%) 9	(2.6) 5	(2.0) 4	(3.8) 0.342

Refractory	ascites,	n	(%) 6	(1.7) 4	(1.6) 2	(1.9) 1.000

Inferior	phrenic	infection,	n	(%) 6	(1.7) 3	(1.2) 3	(2.8) 0.534

Upper	gastrointestinal	bleeding,	
n	(%)

5	(1.4) 3	(1.2) 2	(1.9) 1.000

Intra-	abdominal	hemorrhage,	n	
(%)

5	(1.4) 3	(1.2) 2	(1.9) 1.000

Bile	leak,	n	(%) 8	(2.3) 6	(2.4) 2	(1.9) 0.750

Pneumonia,	n	(%) 8	(2.3) 5	(2.0) 3	(2.8) 0.645

Pleural	effusion,	n	(%) 7	(1.9) 6	(2.4) 1	(0.9) 0.613

Respiratory	insufficiency,	n	(%) 5	(1.4) 2	(0.8) 3	(2.8) 0.329

Ileus,	n	(%) 1	(0.3) 0	(0.0) 1	(0.9) 0.664

Liver	abscess,	n	(%) 2	(0.6) 1	(0.4) 1	(0.9) 1.000

Cholangitis,	n	(%) 1	(0.3) 0	(0.0) 1	(0.9) 0.664

Hepatic	encephalopathy,	n	(%) 1	(0.3) 1	(0.4) 0	(0.0) 1.000

Cerebrovascular	accident,	n	(%) 1	(0.3) 1	(0.4) 0	(0.0) 1.000

Arrhythmia,	n	(%) 1	(0.3) 1	(0.4) 0	(0.0) 1.000

Pulmonary	embolism,	n	(%) 1	(0.3) 0	(0.0) 1	(0.9) 0.664

Others,	n	(%) 15	(4.2) 10	(3.9) 5	(4.7) 0.781

Clavien	grade,	n	(%)

Grade	I	and	II 84	(23.8) 51	(20.7) 33	(31.1) 0.095

Grade	III	and	IV 23	(6.5) 14	(5.7) 9	(8.5)

Grade	Va	 6	(1.7) 4	(1.6) 2	(1.9)

Abbreviations:	CSPH,	clinically	significant	portal	hypertension;	PHLF,	postoperative	liver	failure.
aGrade	V:	In	total,	six	(1.7%)	patients	died	within	90 days	(Grade	V).	In	the	non-	CSPH	group,	three	
patients	died	from	PHLF	without	recurrence.	One	patient	without	CSPH	died	of	cerebrovascular	
accident.	In	the	CSPH	group,	both	patients	died	from	PHLF	within	90 days	without	recurrence.
Bold	values	indicate	statistical	significance.

T A B L E  2 	 Surgical	complication	in	the	
whole	cohort
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remains	 controversial.26	 In	 accordance	 with	 the	 guide-
lines	of	the	American	Association	for	the	Study	of	Liver	
Diseases/European	 Association	 for	 the	 Study	 of	 the	
Liver,27,28	portal	hypertension	is	considered	a	contraindi-
cation	to	LR	in	patients	with	HCC.	This	opinion	has	been	
supported	 by	 several	 regional	 studies	 over	 the	 past	 few	
years,	showing	that	patients	with	HCC	who	are	indirectly	
diagnosed29,30	 with	 portal	 hypertension	 or	 directly	 diag-
nosed31,32	 by	 hepatic	 venous	 pressure	 gradient	 (HVPG)	
frequently	 suffer	 from	 severe	 PHLF	 and	 poor	 long-	term	
prognosis.	However,	several	studies	from	different	coun-
tries	 reported	no	difference	 in	 short-		and	 long-	term	out-
comes	 between	 portal	 hypertension	 and	 normal	 HCC	
patients.33,34

In	2009,	Cucchetti	et	al.	 retrospectively	analyzed	and	
compared	the	postoperative	results	and	long-	term	survival	
between	 89	 HCC	 patients	 with	 CSPH	 and	 152	 HCC	 pa-
tients	with	non-	CSPH.	After	PSM,	the	patients	with	CSPH	
had	the	same	intraoperative	course,	the	incidence	of	post-
operative	liver	failure,	morbidity,	and	survival	rates	as	the	
patients	 with	 non-	CSPH.33	 Santambrogio	 et	 al.	 divided	
223	HCC	patients	with	BCLC	stage	A	into	two	groups	ac-
cording	to	the	presence	(n = 63)	or	absence	(n = 160)	of	
portal	 hypertension	 and	 compared	 the	 prognosis	 of	 the	
two	groups.	They	reported	that	the	short-		and	long-	term	
outcomes	 in	 the	 patients	 with	 portal	 hypertension	 were	
similar	 to	 those	 in	 patients	 with	 normal	 portal	 venous	
pressure.29

T A B L E  3 	 Uni-		and	multivariable	logistic	regression	analyses	of	independent	risk	factors	of	PHLF	in	the	whole	cohort

Variable

Univariable analyses Multivariable analyses

OR 95% CI p value OR 95% CI p value

Age,	Year,	>65	versus	≤65 0.604 0.138–	2.653 0.504

Gender,	Male	versus	Female 0.707 0.255–	1.963 0.506

Hepatobiliary	flukes,	Yes	versus	No 2.462 0.277–	21.861 0.419

Hepatolithiasis,	Yes	versus	No 0.505 0.066–	3.891 0.512

HBsAg,	Positive	versus	Negative 0.471 0.189–	1.177 0.107

HCV-	Ab,	Positive	versus	Negative NA NA NA

TBIL,	mg/dl,	>1.0	versus	≤1.0 2.089 0.941–	4.635 0.070

ALB,	g/L,	<35	versus	≥35 1.158 0.257–	5.225 0.849

ALT,	IU/L,	>80	versus	≤80 1.667 0.597–	4.655 0.330

AST,	IU/L,	>80	versus	≤80 2.087 0.669–	6.509 0.205

GGT,	IU/L,	>64	versus	≤64 2.110 0.938–	4.749 0.071 3.477 1.414–	8.553 0.007

PT,	second,	>13	versus	≤13 2.292 1.020–	5.151 0.045

PLT,	×109/L,	<100	versus	≥100 1.751 0.733–	4.182 0.207

Child–	Pugh	grade,	B	versus	A 2.614 0.914–	7.472 0.073

MELD	score	classification,	>10	versus	
9−10	versus	<9

1.445 0.794–	2.630 0.229

CSPH,	Yes	versus	No 2.316 1.049–	5.116 0.038 2.711 1.160–	6.335 0.021

Intraoperative	blood	loss,	Yes	versus	No 3.088 1.339–	7.121 0.008 3.427 1.356–	8.622 0.009

Hepatectomy,	≥1	segment	versus	wedge	
resection

1.453 0.611–	3.456 0.397

Pringle	maneuver,	Yes	versus	No 0.444 0.190–	1.036 0.060

Operation	time,	hour,	>3.0	versus	≤3.0 0.685 0.155–	3.018 0.617

Tumor	diameter,	cm,	≥5	versus	<5 1.589 0.706–	3.574 0.263

Tumor	number,	Multiple	versus	Solitary 2.104 0.923–	4.798 0.077 2.543 1.034–	6.230 0.042

Microvascular	invasion,	Yes	versus	No 1.571 0.604–	4.088 0.354

Direct	invasion,	Yes	versus	No 0.619 0.080–	4.813 0.647

Node	metastasis,	Yes	versus	No 1.515 0.613–	3.743 0.368

Abbreviations:	ALB,	albumin;	ALT,	alanine	transaminase;	AST,	aspartate	aminotransferase;	CI,	confidence	interval;	CSPH,	clinically	significant	portal	
hypertension;	GGT,	gamma-	glutamyl	transpeptidase;	OR,	odds	ratio;	MELD,	model	for	end-	stage	liver	disease;	PHLF,	postoperative	liver	failure;	PSM,	
Propensity	score	matching;	PT,	prothrombin	time;	TBIL,	total	bilirubin.
Bold	values	indicate	statistical	significance.



   | 6993FU et al.

At	 present,	 the	 number	 of	 studies	 on	 short-		 and	 long-	
term	prognosis	of	ICC	patients	combined	with	CSPH	after	
surgery	 is	 still	 limited	 as	 compared	 with	 those	 in	 HCC.	
Studies	of	ICC	have	mostly	focused	on	the	role	of	cirrhosis	in	
the	prognosis	of	patients	after	surgery.6,7,35,36	Clinically,	the	
safety	and	receptivity	of	ICC	patients	undergoing	surgical	
treatment	should	be	seriously	considered	in	the	context	of	
CSPH.	However,	the	impact	of	CSPH	on	postoperative	out-
comes,	especially	PHLF,	has	never	been	reported	in	patients	
with	ICC.	Therefore,	our	study	is	necessary	and	meaningful	
for	revealing	the	impact	of	CSPH	on	short-		and	long-	term	
prognosis	in	ICC	patients	with	cirrhosis	after	hepatectomy.

Cucchetti	et	al.	and	He	et	al.	reported	that	CSPH	is	not	
an	independent	risk	factor	for	OS	after	PSM	matching.33,34	

In	contrast,	our	study	showed	that	 the	CSPH	group	had	
significantly	worse	OS	than	the	non-	CSPH	group,	which	
was	an	independent	prognostic	hazard	of	OS	after	multi-
variable	Cox	regression	analyses.	Moreover,	in	the	tumor	
diameter	≥5 cm	group,	subgroup	analysis	showed	that	the	
CSPH	 group	 had	 worse	 OS	 than	 that	 of	 the	 non-	CSPH	
group.	 Similarly,	 Zheng	 et	 al.	 analyzed	 the	 survival	 out-
comes	of	355	patients	with	HCC	and	found	that	the	long-	
term	survival	rate	of	patients	without	portal	hypertension	
was	significantly	better	 than	 that	of	patients	with	portal	
hypertension	 in	 the	 cirrhosis	 subgroup.30	 In	 addition,	
Berzigotti	et	al.	reviewed	11	studies	and	performed	a	meta-	
analysis	 in	 2015,	 concluding	 that	 the	 presence	 of	 CSPH	
negatively	affects	postoperative	outcomes	in	patients	with	

F I G U R E  2  (A)	The	nomogram	integrating	GGT,	CSPH,	intraoperative	blood	loss,	and	multiple	tumors.	(B)	Calibration	curves	of	the	
nomogram.	(C)	Comparison	of	PHLF	prediction	abilities	among	the	nomogram,	MELD	score,	and	Child–	Pugh	score	through	the	ROC	
analysis;	the	nomogram	has	the	largest	AUC	value
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compensatory	cirrhosis	who	undergo	surgery	for	HCC.20	
Several	reasons	might	explain	this	discrepancy.	First,	the	
definitions	of	CSPH	or	portal	hypertension	before	surgery	
used	in	the	aforementioned	studies	were	different.	Second,	

the	number	of	patients	and	study	periods	in	different	arti-
cles	were	heterogeneous.	Third,	the	assessment	criteria	of	
patients’	 liver	function	and	prognosis	were	different	and	
not	comparable.

F I G U R E  3  Kaplan–	Meier	curves	for	ICC	patients.	(A)	The	OS	of	patients	with	or	without	CSPH	before	PSM.	(B)	The	TTR	of	patients	
with	or	without	CSPH	before	PSM.	(C)	The	OS	of	patients	with	or	without	CSPH	after	PSM.	(D)	The	TTR	of	patients	with	or	without	CSPH	
after	PSM

(A) (B)

(C) (D)

T A B L E  4 	 Multivariable	Cox	regression	analyses	of	OS	and	tumor	recurrence	in	the	whole	cohort

Variable

OS Tumor recurrence

HR 95% CI p value HR 95% CI p value

CEA,	μg/L 1.002 1.000–	1.004 0.023

CSPH,	Yes	versus	No 1.526 1.148–	2.027 0.004

Tumor	diameter,	cm 1.061 1.021–	1.103 0.003 1.038 1.011–	1.078 0.049

Tumor	number,	Multiple	versus	Solitary 1.569 1.150–	2.141 0.005 1.359 1.005–	1.837 0.046

Microvascular	invasion,	Yes	versus	No 2.135 1.510–	3.018 <0.001 2.059 1.469–	2.886 <0.001

Node	metastasis,	Yes	versus	No 1.467 1.059–	2.030 0.021

Abbreviations:	CA19-	9,	carbohydrate	antigen	19-	9;	CEA,	carcinoembryonic	antigen;	CI,	confidence	interval;	CSPH,	clinically	significant	portal	hypertension;	
OS,	overall	survival;	HR,	hazard	ratio.
Bold	values	indicate	statistical	significance.
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PHLF	is	a	serious	complication	of	LR.	The	estimation	
and	PHLF	prediction	could	be	important	before	treatment	
in	cirrhotic	patients.	 In	 this	 study,	 the	 risk	of	PHLF	de-
pended	on	several	preoperative	and	intraoperative	events,	
for	example,	GGT	level,	CSPH,	intraoperative	blood	loss,	
and	tumor	numbers.	GGT	level	was	a	preoperative	indica-
tor	of	liver	function.

Recently,	 some	 studies	 have	 reported	 that	 impaired	
preoperative	indicators,	such	as	GGT	level,	platelet	count,	
and	bilirubin,	are	important	predictors	of	impaired	post-
operative	liver	function.37,38	In	2017,	Hu	et	al.39	reported	
that	high	serum	GGT	level	is	an	important	risk	factor	in	
predicting	liver	failure	risk	after	hepatectomy	for	patients	
with	HCC,	which	is	consistent	with	our	results.	We	found	
that	GGT	>65 IU/ml	increases	the	risk	of	PHLF	after	sur-
gery	in	cirrhotic	ICC	in	our	PHLF	prediction	model.

The	effect	of	portal	hypertension	on	postoperative	com-
plications	and	PHLF	in	HCC	is	controversial.40	Previous	
studies	 on	 HCC	 have	 also	 verified	 that	 portal	 hyperten-
sion	is	an	important	determinant	of	PHLF.30,41	However,	
no	 studies	 have	 revealed	 the	 impact	 of	 CSPH	 on	 PHLF	
in	 postoperative	 patients	 with	 ICC.	 Therefore,	 the	 pres-
ent	study	is	the	first	to	reveal	that	CSPH	is	an	important	
risk	factor	of	PHLF.	In	addition,	patients	with	ICC	in	the	
CSPH	group	had	a	significantly	higher	chance	of	overall	
complications	than	those	in	the	non-	CSPH	group.

More	and	more	findings	are	suggesting	that	intraoper-
ative	blood	 loss	 is	highly	correlated	with	 the	occurrence	
of	PHLF.42,43	Researchers	have	found	that	 intraoperative	
blood	loss	can	increase	the	probability	of	ischemic	reper-
fusion	injury,	leading	to	morbidity	and	mortality	after	liver	
surgery.44,45	In	addition,	transfusion	may	induce	immuno-
suppressive	 effects,	 which	 are	 harmful	 and	 may	 lead	 to	
poor	perioperative	outcomes	in	cancer	patients	undergo-
ing	surgery.46,47	These	studies	may	provide	clues	to	explain	
the	relationship	between	blood	loss	and	PHLF.	However,	
further	research	is	needed	to	elucidate	this	mechanism.

Multiple	tumors	indicate	that	patients	will	undergo	a	
longer	surgery	time	and	that	more	normal	liver	tissues	will	
be	removed	during	surgery.	A	sufficient	future	liver	rem-
nant	 (FLR)	volume	guarantees	 that	 severe	postoperative	

complications	do	not	occur	in	liver	surgery.48	In	the	pres-
ent	study,	the	cirrhotic	ICC	patients	with	multiple	tumors	
had	 a	 higher	 risk	 of	 PHLF	 after	 surgery	 compared	 with	
their	counterparts.

Our	 study	may	serve	as	a	practical	guide	 for	 the	 sur-
gical	 treatment	 of	 patients	 with	 CSPH	 in	 the	 future.	
This	study	can	also	be	used	to	select	suitable	patients	for	
surgery.	On	 the	one	hand,	CSPH	patients	who	meet	 the	
proper	surgical	requirements	will	not	only	benefit	from	a	
good	prognosis,	but	will	also	benefit	 from	a	reduced	oc-
currence	of	PHLF.	Many	factors	determine	whether	or	not	
patients	 with	 CSPH	 can	 receive	 surgical	 treatment,	 and	
these	need	further	exploration	by	researchers.	This	is	only	
a	retrospective	study	from	a	single-	center,	and	more	global	
multicenter	data	or	prospective	studies	are	needed	to	ver-
ify	our	research	conclusions	or	generate	new	ideas.	On	the	
other	hand,	surgeons	must	pay	attention	to	CSPH	because	
of	 its	 significant	 impact	on	 the	perioperative	period	and	
prognosis.	 More	 and	 more	 new	 discoveries	 are	 expected	
in	the	future	as	the	understanding	of	CSPH	is	deepened.	
In	the	next	5	or	even	10 years,	from	the	aspect	of	surgical	
operation,	more	unresectable	CSPH	patients	can	benefit	
from	continuous	technological	progress	 in	surgical	 tech-
niques,	 advanced	 medical	 equipment	 (e.g.,	 laparoscopic	
and	 robotic	 surgery),	 and	 virtual	 reality	 technology	 ap-
plied	in	precision	LR.	From	the	aspect	of	comprehensive	
treatment,	with	the	rapid	development	of	the	system	ther-
apy	in	liver	cancer,	immunotherapy	and	targeted	therapy	
system	has	become	the	main	treatment	of	advanced	liver	
cancer.	These	 treatment	 methods	 enrich	 the	 options	 for	
advanced	liver	cancer,	especially	for	patients	with	CSPH.	
Patients	 with	 multiple	 tumors	 and	 tumors	 larger	 than	
5 cm	may	benefit	from	neoadjuvant	therapy	and	sequen-
tial	surgical	treatment.	This	finding	needs	to	be	confirmed	
by	further	clinical	studies.

Our	study	has	several	limitations.	First,	this	is	a	single-	
institution	 retrospective	 study.	More	patients	 from	more	
institutions	need	to	be	studied	to	confirm	our	conclusions.	
Second,	ICG-	R15	and	FLR	are	important	indicators	used	
to	 assess	 liver	 function	 and	 volume	 in	 clinical	 practice.	
However,	in	this	study,	these	data	were	missing	for	various	

T A B L E  5 	 Multivariable	Cox	regression	analyses	of	OS	and	tumor	recurrence	in	the	PSM	cohort

Variable

OS Tumor recurrence

HR 95% CI p value HR 95% CI p value

CEA,	μg/L 1.003 1.000–	1.006 0.042

CSPH,	Yes	versus	No 1.585 1.107–	2.269 0.012

Tumor	diameter,	cm 1.068 1.020–	1.118 0.005 1.066 1.019–	1.115 0.006

Microvascular	invasion,	Yes	versus	No 1.646 1.022–	2.648 0.040 1.602 1.011–	2.537 0.045

Abbreviations:	CEA,	carcinoembryonic	antigen;	CI,	confidence	interval;	CSPH,	clinically	significant	portal	hypertension;	HR,	hazard	ratio;	OS,	overall	survival.
Bold	values	indicate	statistical	significance.
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reasons,	resulting	 in	an	 imperfect	study.	These	 two	vari-
ables	 must	 be	 added	 in	 our	 future	 studies.	Third,	 CSPH	
was	 diagnosed	 indirectly	 by	 clinical	 criteria;	 thus,	 we	
could	not	determine	the	real	influence	of	HVPG	measure-
ment	as	a	diagnostic	criterion	for	ICC	patients	with	CSPH.	
Last,	given	the	limitations	of	the	PSM	approach,	our	study	
still	had	the	potential	for	selection	bias,	although	we	used	
PSM	in	an	attempt	to	decrease	these	biases.

5 	 | 	 CONCLUSION

The	presence	of	CSPH	is	significantly	associated	with	PHLF	
and	a	worse	OS	 in	patients	with	 ICC	after	hepatectomy.	
CSPH	patients	with	high	levels	of	CEA,	GGT,	multiple	tu-
mors,	and	large	tumor	diameter	(≥5 cm)	preoperatively	are	
not	recommended	to	undergo	surgical	treatment	to	avoid	
postoperative	liver	failure	and	poor	prognosis.
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