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Study Highlights
•	 Previous	studies	have	attempted	to	define	IT	phase	of	chronic	hepatitis	B	based	on	serum	markers,	only	to	attain	incon-
sistent	results,	due	to	definitions	of	IT	phase	varying	by	studies.	Therefore,	it	is	essential	to	determine	the	definition	of	IT	
phase	and	criteria	required	for	urgent	treatment.	Eighty-two	(31.7%)	out	of	259	clinically	suspected	IT	phase	patients	be-
longed	to	histologic	IT	phase.	Among	patients	in	IT	phase	identified	by	the	AASLD	and	EASL	criteria,	31.7%	and	34.0%	
were	in	IT	phase	histologically,	respectively.	Old	age,	high	AST	and	low	albumin	were	useful	for	ruling	out	histologic	IT	
phase.	In	conclusion,	numerous	patients	in	clinically	suspected	IT	phase	were	not	in	IT	phase	histologically.	Liver	biopsy	
should	be	recommended	to	determine	treatment	for	such	patients.

Graphical Abstract

Long-term	prognosis	and	the	need	for	histologic	assessment	of	chronic	hepatitis	B	in	the	serological	immune-tolerant	(IT)	phase
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INTRODUCTION

Advances	in	the	knowledge	of	the	evolution	and	phases	of	
hepatitis	B	virus	(HBV)	acquired	over	the	past	20	years,	have	
allowed	the	gradual	development	of	effective	treatment	op-
tions.	As	a	result,	the	incidence	of	liver	cirrhosis	and	liver	can-

cer	caused	by	hepatitis	B	has	steadily	decreased.1

However,	some	aspects	of	HBV	are	not	clearly	understood,	
such	as	the	so-called	immune-tolerant	(IT)	phase,	character-
ized	by	high	HBV	deoxyribonucleic	acid	(DNA)	levels	and	yet,	
persistently	normal	alanine	aminotransferase	(ALT).	The	IT	
phase	is	associated	with	a	good	prognosis	 in	general	and	

Background/Aims:	The	histologic	status	of	the	immune-tolerant	(IT)	phase	of	chronic	hepatitis	B	relative	to	long-term	
outcomes	is	unclear.	This	study	aimed	to	discover	how	the	serological	criteria	currently	in	use	correspond	to	histologic	
criteria	in	determining	the	IT	phase	and	indication	for	liver	biopsy.

Methods:	Patients	in	the	serological	IT	phase	determined	by	positive	hepatitis	B	e	antigen,	hepatitis	B	virus	(HBV)	DNA	
≥106	IU/mL,	and	normal	or	minimally	elevated	alanine	aminotransferase	(ALT)	≤60	IU/L,	who	underwent	liver	biopsy	at	
three	different	hospitals	were	included.	The	distribution	of	the	histologic	IT	phase,	defined	as	fibrosis	of	stage	1	or	less	
and	inflammation	of	grade	1	or	less,	was	compared	with	that	of	the	serological	IT	phase.	The	risk	factors	for	the	incidence	
of	liver-related	events,	such	as	hepatocellular	carcinoma,	liver	cirrhosis,	 liver	transplantation,	and	death,	were	also	
analyzed.

Results:	Eighty-two	(31.7%)	out	of	259	clinically	suspected	IT	phase	patients	belonged	to	the	histologic	IT	phase.	Age	
over	35,	high	AST,	and	low	albumin	were	useful	for	ruling	out	the	histologic	IT	phase.	Risk	factors	predicting	liver-related	
events	were	age	and	significant	fibrosis	stage.	There	was	no	significant	difference	in	the	proportion	of	histologic	IT	phase	
and	clinical	prognosis	between	normal	ALT	and	mildly	elevated	ALT	groups.	However,	even	in	patients	with	normal	ALT,	
age	was	an	important	factor	in	predicting	the	presence	of	the	histologic	IT	phase.

Conclusions:	A	significant	number	of	patients	who	belonged	to	the	serological	IT	phase	were	not	in	the	histologic	
IT	phase.	Patients	over	35	years	and	those	with	high	AST,	low	albumin,	and	low	HBV	DNA	levels	were	more	likely	to	
experience	poor	long-term	clinical	outcomes.	Therefore,	additional	histologic	assessment	should	be	considered.	(Clin 
Mol Hepatol 2023;29:482-495)
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thus,	not	 recommended	for	antiviral	 treatment	 in	most	
guidelines.2-5	The	limited	understanding	of	the	IT	phase	is	ev-
ident	 in	 its	arbitrary	definition,	which	varies	 in	different	
guidelines.	For	example,	in	the	European	Association	for	the	
Study	of	the	Liver	(EASL)	guideline,	the	IT	phase	is	defined	as	
high	levels	of	HBV	DNA	of	more	than	107	IU/mL3,	whereas	in	
the	American	Association	for	the	Study	of	Liver	Diseases	
(AASLD)	guideline,	the	definition	is	HBV	DNA	of	more	than	
106	 IU/mL.2	Numerous	studies	have	suggested	that	IT	pa-
tients	defined	by	serological	criteria	are	no	longer	immuno-
logically	and	histologically	healthy,	as	supported	by	antigen-
specific	T-cell	deletion,	 inadequate	clonal	expansion	of	
effector	T-cells,	and	consequently,	functional	tolerance	evi-
dent	as	immune	tolerance.	However,	HBV-specific	T-cell	re-
sponses,	associated	with	clonal	expansion	of	hepatocytes,	
can	sometimes	be	detected	in	the	early	stages	of	HBV	infec-
tion,	especially	in	increased	random	integration	of	HBV	DNA	
into	infected	hepatocytes.	In	addition,	dysfunctional	specific	
T-cells	found	in	both	IT	and	immune	active	phases	suggest	
the	ambiguity	of	boundaries	that	distinguish	individual	clini-
cal	phases.
Most	classifications	of	the	IT	phase	in	recent	guidelines	are	

based	on	serum	markers,	especially	HBV	DNA	and	ALT	and/or	
aspartate	aminotransferase	(AST).	While	such	laboratory-
based	criteria	are	inevitable,	as	liver	biopsies	cannot	be	per-
formed	in	all	patients,	it	is	well	known	that	normal	ALT	and	
high	DNA	cannot	conclusively	rule	out	 indolent	fibrosis.6	
Therefore,	clinicians	have	debated	continuously	whether	
treatment	is	necessary	for	patients	in	the	IT	phase.	
Though	a	recent	study	published	by	Kim	et	al.7,	reported	a	

notable	finding	of	poorer	prognosis	in	the	IT	phase	than	in	
the	immune	active	phase	with	treatment,	such	findings	may	
be	limited	because	the	subjects’	qualification	as	IT	phase	pa-
tients	 is	 in	question.8	Likewise,	previous	studies	have	at-
tempted	to	define	the	IT	phase	based	on	serum	markers,	
only	to	attain	inconsistent	results	because	definitions	of	the	
IT	phase	can	vary	by	study.	Therefore,	it	is	essential	to	deter-
mine	the	definition	of	the	IT	phase	and	the	criteria	required	
for	urgent	treatment.	
This	study	aimed	to	discover	how	well	the	serological	crite-

ria	in	current	use	correspond	to	the	histologic	criteria	in	de-
termining	the	IT	phase.	In	addition,	we	would	like	to	suggest	
potential	indications	that	require	liver	biopsy	among	patients	
in	the	serological	IT	phase.

MATERIALS AND METHODS 

Patients and study protocol

We	collected	consecutively	the	data	of	312	chronic	hepati-
tis	B	patients	in	the	clinical	IT	phase	from	January	1994	to	De-
cember	2017.	The	patients	underwent	a	liver	biopsy	to	deter-
mine	the	progression	and	treatment	of	hepatitis.	Patients	
who	fulfilled	the	following	inclusion	criteria	were	eligible	for	
this	study:	(a)	patients	over	the	age	of	20,	who	underwent	liv-
er	biopsy	for	chronic	hepatitis	B,	(b)	positive	hepatitis	B	e	an-
tigen	(HBeAg)	and	high	HBV	DNA	in	at	least	two	tests	taken	
more	than	six	months	apart,	(c)	normal	or	minimally	elevated	
ALT	(<60	U/L)	 in	at	 least	two	tests	taken	more	than	three	
months	apart,	and	(d)	adequate	histology	in	percutaneous	
liver	biopsy.	Patients	were	excluded	for	the	following	condi-
tions:	(a)	HBV	DNA	lower	than	106	IU/mL	(n=26),	(b)	high	AST	
or	ALT	(>60	IU/L)	(n=18),	(c)	inadequate	histology	(n=2),	(d)	
co-infection	with	chronic	hepatitis	C	or	hepatitis	D	(n=2)	(e)	
features	of	chronic	liver	disease	or	liver	cirrhosis	in	imaging	
studies	(n=4),	and	(f)	prior	or	current	evidence	of	hepatocel-
lular	carcinoma	(HCC)	(n=1).	We	included	259	patients	that	
met	all	criteria	in	the	final	selection	(Supplementary	Fig.	1).	
Clinical,	histologic,	and	laboratory	records	of	the	involved	pa-
tients	were	reviewed	retrospectively.	
The	study	protocol	was	approved	by	the	Institutional	Re-

view	Board	of	our	hospital	 (IRB	number	SCHBC-2020-	
03-031-001,	registration	date:	7	April	2020).	The	study	proto-
col	conformed	to	the	ethical	guidelines	of	the	World	Medical	
Association	Declaration	of	Helsinki.

Liver biopsy and histology

A	 liver	biopsy	was	conducted	when	each	 investigator	
deemed	it	necessary	to	evaluate	the	status	or	severity	of	
chronic	hepatitis	B,	to	determine	the	need	for	antiviral	thera-
py,	or	to	identify	autoimmune	diseases	or	metabolic	diseases.	
Ultrasound-guided	liver	biopsy	was	performed	by	expert	
hepatologists	experienced	with	over	500	ultrasound	proce-
dures	and	100	liver	biopsies.	An	adequate	liver	biopsy	sample	
was	characterized	by	a	length	of	2	to	3	cm	or	more	and	the	
inclusion	of	ten	or	more	portal	tracts.9,10	Specimens	were	
fixed	in	formalin	and	embedded	in	paraffin.	The	resulting	
sections	were	stained	with	hematoxylin-eosin	and	Masson’s	
trichrome.	Each	biopsy	specimen	was	analyzed	by	patholo-
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gists	from	each	institution	with	over	ten	years	of	experience.	
The	inability	to	confirm	the	degree	of	agreement	among	pa-
thologists	is	one	of	the	major	limitations	of	this	retrospective	
study.	Histologic	grading	and	staging	of	the	liver	biopsy	were	
described	according	to	the	standardized	guideline	proposed	
by	the	Korean	Study	Group	for	the	Pathology	of	Digestive	
Disease.11	Fibrosis	was	assessed	on	a	scale	of	0	to	4:	F0,	no	fi-
brosis;	F1,	portal	fibrosis	without	septa;	F2,	periportal	fibrosis;	
F3,	septal	fibrosis;	and	F4,	liver	cirrhosis.	Inflammation	was	
graded	as	none	(G0),	minimal	(G1),	mild	(G2),	moderate	(G3),	
or	severe	(G4).	Specimens	of	at	least	20	mm	in	length	and	
with	11	or	more	portal	tracts	included	were	considered	eligi-
ble	for	interpretation	in	this	study.12

Outcomes, definition, and follow-up 

The	primary	goal	of	the	study	was	to	evaluate	the	compati-
bility	between	pre-existing	serological	criteria	and	histologic	
criteria	in	determining	the	IT	phase.	The	secondary	goal	was	
to	find	long-term	prognostic	factors	in	IT	phase	patients	in	
association	with	outcomes	of	interest,	such	as	liver	cirrhosis,	
HCC,	liver	transplantation	(LT),	or	death.
The	definition	of	the	IT	phase	according	to	the	AASLD	is	as	

follows:	(a)	positive	hepatitis	B	surface	antigen	for	more	than	
six	months,	(b)	positive	hepatitis	B	e	antigen,	(c)	HBV	DNA	
level	higher	than	one	million	IU/mL	and	(d)	normal	(35	U/L	
for	males	and	25	U/L	for	females)	or	minimally	elevated	ALT.2	
The	definition	of	the	IT	phase	according	to	the	EASL	is	as	

follows:	(a)	positive	hepatitis	B	surface	antigen	for	more	than	
six	months,	(b)	positive	hepatitis	B	e	antigen,	(c)	HBV	DNA	
level	higher	than	107	IU/mL,	and	(d)	normal	ALT	(40	U/L).3

The	definition	of	the	histologic	IT	phase	is	as	follows:	fibro-
sis	of	stage	1	or	less	and	inflammation	of	grade	1	or	less.	
Liver	cirrhosis	was	diagnosed	by	the	presence	of	diffuse	

nodular	surface	or	regeneration,	dense	fibrous	septa,	and	ar-
chitectural	or	hepatic	vascular	distortion	in	follow-up	imag-
ing	studies,	such	as	ultrasound,	computed	tomography	(CT),	
and	magnetic	resonance	imaging	(MRI).13	HCC	was	confirmed	
by	the	presence	of	typical	features	(arterial	enhancement	
and	portal-delayed	washout	in	nodules	of	more	than	one	
centimeter)	in	imaging	studies,	including	CT	or	MRI,	or	in	his-
tologic	studies.14	
	The	index	date	was	defined	as	the	date	of	liver	biopsy.	The	

follow-up	period	was	calculated	from	the	index	date	to	the	
date	of	the	outcome	of	interest	or	the	last	follow-up	date.	Pa-

tients	regularly	attended	the	laboratory	and/or	abdominal	
ultrasound	check-ups	every	three	to	six	months.	A	liver-relat-
ed	event	was	defined	as	the	occurrence	of	liver	cirrhosis,	HCC,	
LT,	or	death.

Statistical analysis

Frequencies	and	percentages	were	used	for	descriptive	sta-
tistics.	Statistical	differences	between	groups	were	investi-
gated	using	the	χ2	test	and	Student’s	t-test.	Spearman’s	anal-
ysis	was	used	to	investigate	correlations	between	variables.	
The	cumulative	incidence	of	liver-related	events	between	pa-
tients	in	and	those	not	in	the	IT	phase	was	estimated	using	
the	Kaplan-Meier	method,	and	differences	between	the	
curves	were	compared	using	the	log-rank	test.	Multivariable	
logistic	regression	analysis	was	used	for	risk	factors	to	ex-
clude	patients	in	the	histologic	IT	phase.	Factors	known	to	be	
effective	in	predicting	the	IT	phase	in	previous	studies	(e.g.,	
sex,	age,	body	mass	index,	HBV	DNA,	platelet,	AST,	ALT,	albu-
min,	and	total	bilirubin)	were	analyzed.	Cox	proportional	
hazards	model	was	used	as	the	main	analysis	tool	to	calcu-
late	the	incidence	of	liver-related	events.	Factors	known	to	be	
associated	with	long-term	liver-related	events	in	previous	
studies	(e.g.,	sex,	age,	HBV	DNA,	platelet,	AST,	ALT,	albumin,	
total	bilirubin,	antiviral	treatment,	fibrosis	stage,	and	inflam-
mation	grade)	were	analyzed.	Multivariate	models	were	cre-
ated	using	variables	that	were	clinically	relevant	and	signifi-
cant	(P<0.10)	 in	univariate	analysis.	All	statistical	analyses	
were	performed	using	R	(version	3.3.3,	The	R	Foundation	for	
Statistical	Computing,	Vienna,	Austria)	and	SPSS	software	
(ver.	21.0;	SPSS	Inc.,	Armonk,	NY,	USA).	Statistical	significance	
was	defined	as	P<0.05.	

RESULTS

Baseline characteristics

The	baseline	demographics	and	clinical	characteristics	of	
patients	are	summarized	in	Table	1.	A	total	of	259	patients	
were	analyzed,	 including	177	(68.3%)	males.	The	patients	
were	42.7±12.5	years	old	on	average.	The	median	HBV	DNA	
level	was	2.4×108	 IU/mL	(interquartile	range	[IQR]	2.5×107–
8.5×108),	and	AST	and	ALT	levels	were	42	U/L	(IQR	32–54)	and	
42	U/L	(IQR	32–56),	respectively.	The	median	follow-up	dura-
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tion	was	109	months	(IQR	56–145).
The	distribution	of	fibrosis	stages	and	inflammation	grades	

in	patients	is	also	presented	in	Table	1.	Although	all	patients	
were	not	expected	to	exhibit	advanced	liver	disease	on	im-
aging,	advanced	fibrosis	(≥F3)	was	observed	in	as	many	as	

101	(38.9%)	patients.	Similarly,	given	the	low	level	of	ALT,	
there	was	a	significant	number	of	patients	(94,	36.3%)	with	
inflammation	more	severe	than	the	moderate	grade.	

Table 1. Baseline	characteristics	of	patients	at	enrollment

Variable
Clinical IT phase

(n=259)
Histologic IT phase (+)

(n=82)
Histologic IT phase (-)

(n=177)
P-value

Age	(yr) 42.6±12.4 36.3±12.0 45.5±11.5 <0.001

Sex 0.114

Male 177	(68.3) 62	(75.6) 115	(65.0)

Female 82	(31.7) 20	(24.4) 62	(35.0)

Follow-up	duration	(mo) 109	(56–145) 120	(40–164) 106	(38–166) 0.887

Laboratory	findings

Hepatitis	B	e	antigen	positivity 259	(100) 82	(100) 177	(100)

HBV	DNA	(IU/mL) 2.4×108	(2.5×107–8.5×108) 5.5×108	(6.4×107–9.1×108) 1.6×108	(1.7×107–8.5×108) 0.012

106–107	 33	(12.7) 10	(12.2) 23	(13.0)

107–108	 68	(26.3) 15	(18.3) 53	(29.9)

≥108	 158	(61.0) 57	(69.5) 101	(57.1)

Platelet	(109/L) 203.6±74.4 218.4±61.1 196.8±79.0 0.017

AST	(U/L) 42	(32–54) 35	(29–47) 44	(34–57) 0.002

ALT	(U/L) 42	(32–56) 45	(21–59) 42	(32–54) 0.315

Total	bilirubin	(mg/dL) 0.80±0.83 0.89±1.31 0.75±0.45 0.240

Albumin	(mg/dL) 4.14±0.43 4.32±0.42 4.06±0.40 <0.001

Prothrombin	time	(INR) 1.09±0.14 1.04±0.10 1.11±0.14 <0.001

FIB-4	score 1.70±1.11 1.11±0.67 1.96±1.17 <0.001

APRI	score 0.62±0.34 0.49±0.24 0.68±0.36 <0.001

Liver	biopsy

Fibrosis <0.001

F0 24	(9.3) 24	(29.3) 0

F1 61	(23.6) 58	(70.7) 3	(1.7)

F2 73	(28.2) 0 73	(41.2)

F3 55	(21.2) 0 55	(31.1)

F4 46	(17.7) 0 46	(26.0)

Inflammation <0.001

No	 13	(5.0) 6	(7.3) 7	(4.0)

Minimal 63	(24.3) 36	(43.9) 27	(15.3)

Mild 89	(34.4) 40	(48.8) 49	(27.7)

Moderate 62	(23.9) 0 62	(35.0)

Severe 32	(12.4) 0 32	(18.1)

Data	are	reported	as	mean±standard	deviation	or	median	(interquartile	range)	for	continuous	variables	and	n	(%)	for	categorical	variables.
AST,	aspartate	aminotransferase;	ALT,	alanine	aminotransferase;	HBV,	hepatitis	B	virus;	IT,	immune-tolerant;	INR,	international	normalized	
ratio;	FIB-4,	fibrosis-4;	APRI,	AST	to	Platelet	Ratio	Index;	
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Proportion of patients with histologic IT phase 
in comparison with the AASLD and EASL 
criteria

Among	the	259	patients	 in	the	serological	 IT	phase,	82	
(31.7%)	patients	were	in	the	histologic	IT	phase.	Patients	in	
the	histologic	IT	phase	were	younger	(36.39	years	vs.	42.67	
years)	on	average	than	those	not	in	the	histologic	IT	phase.	
The	histologic	IT	phase	patients	also	had	comparatively	high-
er	HBV	DNA	(5.5×108	IU/mL	vs.	2.4×108	IU/mL),	lower	AST	(35	
U/L	vs.	42	U/L),	higher	albumin,	and	lower	prothrombin	time	
(PT)	international	normalized	ratio	(INR)	levels	(Table	1).
We	evaluated	the	correlation	between	the	current	serologi-

cal	criteria	provided	by	AASLD	and	EASL	and	the	histologic	
criteria	of	the	IT	phase.	Out	of	the	enrolled	patients,	259	and	
100	patients	met	the	serological	criteria	of	the	IT	phase	pro-
vided	by	AASLD	and	EASL,	respectively.	Among	the	259	pa-
tients	who	satisfied	the	AASLD	criteria,	82	patients	(31.7%)	
were	identified	to	be	in	the	histologic	IT	phase.	Among	the	
100	patients	who	satisfied	the	EASL	criteria,	34	patients	

(34.0%)	were	identified	to	be	in	the	histologic	IT	phase	(Sup-
plementary	Fig.	2A).	 In	summary,	68.3%	and	66.0%	of	pa-
tients	adhering	to	the	serological	IT	phase	criteria	provided	
by	AASLD	and	EASL,	respectively,	were	not	in	the	IT	phase	
histologically	and	may	have	been	in	the	immune	clearance	
phase.	
Similarly,	for	those	patients	with	ALT	within	normal	limits	

(≤25	IU	for	women	and	≤35	IU	for	men),	64.5%	and	64.9%	of	
patients	adhering	to	serological	IT	phase	criteria	provided	by	
AASLD	and	EASL,	respectively,	were	not	in	the	IT	phase	histo-
logically	(Supplementary	Fig.	2B).	

Clinical parameters that can predict the 
patients who are not likely to be in the 
histologic IT phase

We	investigated	useful	clinical	parameters	that	can	predict	
patients	who	are	not	likely	to	truly	be	in	the	histologic	IT	
phase	(Table	2).	In	a	multivariate	analysis,	factors	such	as	age	
over	35	years	(odds	ratio	[OR]	1.48,	95%	confidence	interval	

Table 2. Clinical	indicators	that	can	predict	patients	who	are	not	likely	to	be	in	the	histologic	immune-tolerant	phase

Variable
Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Sex

Male 1	(ref ) 1	(ref )

Female 1.37	(0.65–2.88) <0.001 1.08	(0.48–2.43) 0.848

Age	(yr) 1.05	(1.02–1.08) <0.001

<35	 1	(ref ) 1	(ref )

vs.	≥35	 1.86	(0.61–5.63) 0.274 1.48	(0.45–4.81) 0.005

vs.	≥40	 4.78	(1.31–17.50) 0.018 4.32	(1.11–16.80) 0.034

vs.	≥45	 3.26	(1.53–6.98) 0.002 2.07	(0.90–4.75) 0.086

Body	mass	index 1.04	(0.91–1.19) 0.570

HBV	DNA	(IU/mL)

106–107	 2.15	(0.61–7.56) 0.231 1.96	(0.52–7.40) 0.320

107–108	 1.12	(0.52–2.40) 0.778 0.98	(0.43–2.27) 0.980

>108	 1	(ref ) 1	(ref )

Platelet 1.00	(0.99–1.00) 0.240

AST 1.04	(1.02–1.07) 0.001 1.03	(1.01–1.06) 0.015

ALT 0.99	(0.97–1.01) 0.301

Albumin 0.17	(0.07–0.41) <0.001 0.28	(0.11–0.73) 0.010

Total	bilirubin 1.00	(0.67–1.50) 0.995

OR,	odds	ratio;	CI,	confidence	interval;	HBV,	hepatitis	B	virus;	AST,	aspartate	aminotransferase;	ALT,	alanine	aminotransferase.
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[CI]	0.45–4.81,	P=0.005),	high	AST	(OR	1.03,	95%	CI	1.01–1.06;	
P=0.015)	and	low	albumin	level	(OR	0.28,	95%	CI	0.11–0.73;	
P=0.010)	were	useful	indicators	for	ruling	out	histologic	IT	
phase.	On	the	other	hand,	high	HBV	DNA	(≥108	 IU/mL)	or	
gender	were	not	significant	factors	in	predicting	the	histo-
logic	IT	phase.	
Similarly,	we	searched	for	clinical	indicators	that	can	predict	

significant	fibrosis	(≥F2).	Age	over	35	years,	high	AST,	and	low	
albumin	were	significant	indicators	and	were	also	useful	for	
ruling	out	the	histologic	IT	phase	(Table	3).	Though	not	statis-
tically	significant,	patients	with	low	HBV	DNA	levels	(106–107	
IU/mL)	had	a	higher	probability	of	significant	fibrosis	than	
patients	with	high	HBV	DNA	levels.	

Factors related with the incidence of liver-
related events (liver cirrhosis, HCC, LT, or death) 

During	the	observation	period	of	109	months,	192	patients	
(74.1%)	switched	to	the	immune-active	phase	and	started	
antiviral	therapy.	The	average	time	to	transition	to	the	im-

mune-active	phase	was	40.1±48.4	months.	During	this	peri-
od,	the	development	of	liver	cirrhosis	and	HCC	was	evident	in	
42	(16.2%)	and	17	(6.6%)	patients,	respectively.	Events	such	as	
LT	and	death	also	occurred	in	one	(0.4%)	and	21	patients	
(8.1%),	respectively.	The	prediction	of	long-term	prognosis	
was	compared	between	the	two	 IT	phase	classification	
guidelines.	For	patients	in	the	histologic	IT	phase,	the	inci-
dence	of	liver-related	events	was	significantly	lower	than	that	
of	patients	not	in	the	histologic	IT	phase	(log-rank	P<0.001,	
Fig.	1A).	
We	further	conducted	the	Cox	regression	analysis	to	identi-

fy	factors	related	to	the	incidence	of	liver-related	events	(liver	
cirrhosis,	HCC,	LT,	or	death).	According	to	our	multivariate	
analysis,	age	(hazard	ratio	[HR]	1.077,	95%	CI	1.045–1.110;	
P<0.0001)	and	significant	fibrosis	(F2-F4)	(HR	3.650,	95%	CI	
1.375–9.694;	P=0.009)	were	closely	related	to	the	occurrence	
of	liver-related	events.	On	the	other	hand,	histologic	inflam-
mation	did	not	show	any	association	with	the	occurrence	of	
liver-related	events	(Table	4).	Similarly,	in	the	Kaplan-Meier	
analysis,	the	fibrosis	stage	was	associated	with	the	occur-

Table 3. Multivariate	logistic	regression	predicting	significant	fibrosis	(≥F2)	

Variable
Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Sex 　 　 　 　

Male 1	(ref)

Female 1.80	(0.98–3.24) 0.051

Age	(yr) 1.07	(1.04–1.10) <0.001

<35	 1	(ref) 1	(ref)

vs.	≥35	 2.12	(0.85–5.31) 0.106 1.79	(0.68–4.69) 0.235

vs.	≥40	 4.55	(1.85–11.20) 0.001 4.01	(1.55–10.34) 0.004

vs.	≥45	 5.63	(2.93–10.83) <0.001 4.56	(2.27–9.15) <0.001

Body	mass	index 1.06	(0.96–1.17) 0.288

HBV	DNA	(IU/mL)

106–107	 1.93	(1.01–3.70) 0.045 1.93	(0.95–3.92) 0.068

107–108	 1.37	(0.61–3.08) 0.445 1.07	(0.44–2.60) 0.880

>108 1	(ref) 1	(ref)

Platelet 0.99	(0.99–1.00) 0.049

AST 1.03	(1.01–1.05) 0.002 1.02	(1.00–1.04) 0.040

ALT 0.99	(0.98–1.01) 0.477

Albumin 0.27	(0.12–0.49) <0.001 0.40	(0.19–0.82) 0.013

Total	bilirubin 0.86	(0.62–1.19) 0.359

OR,	odds	ratio;	CI,	confidence	interval;	HBV,	hepatitis	B	virus;	AST,	aspartate	aminotransferase;	ALT,	alanine	aminotransferase.
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Figure 1.	Kaplan-Meier	curves	showing	the	cumulative	incidence	of	liver-related	events	(liver	cirrhosis,	hepatocellular	carcinoma,	liver	trans-
plantation,	or	death).	(A)	According	to	histologic	IT	phase,	(B)	according	to	fibrosis	and	inflammation	grade,	(C)	according	to	ALT	level.	IT,	im-
mune-tolerant;	ALT,	alanine	aminotransferase.
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rence	of	liver-related	events,	whereas	inflammation	grade	
showed	no	evidence	of	such	an	association	(Fig.	1B).	
Further	analysis	was	performed	by	limiting	liver-related	

events	to	‘HCC,	LT,	and	death’,	demonstrating	similar	results	
and	patterns.	Age	and	significant	fibrosis	were	significantly	
related	to	the	occurrence	of	HCC,	LT,	and	death.	Results	of	the	
Kaplan-Meier	analysis	and	Cox	regression	of	sensitivity	analy-
sis	are	presented	in	Supplementary	Table	1	and	Supplemen-
tary	Figure	3.	

Importance of age and HBV DNA level for 
prediction of liver-related events

Various	guidelines	have	mostly	used	patient	age	and	HBV	
DNA	level	to	identify	the	clinical	IT	phase.	We	performed	a	
stratified	analysis	to	determine	the	rate	of	liver-related	events	
according	to	age	and	HBV	DNA	level	(Fig.	2A).	Patients	under	
the	age	of	35	exhibited	a	very	low	occurrence	rate	of	liver-re-
lated	events,	regardless	of	the	HBV	DNA	level	(n=1,	1.6%).	The	

incidence	of	liver-related	events	was	significantly	higher	in	
patients	over	the	age	of	35	compared	to	that	in	patients	un-
der	the	age	of	35	(28.7%	vs.	1.6%).	In	particular,	the	incidence	
of	liver-related	events	tended	to	increase	(HBV	DNA	≥108	IU/
mL,	25.8%;	DNA	107–108	 IU/mL,	29.6%;	DNA	106–107	IU/mL,	
37.9%)	as	the	HBV	DNA	level	decreased.	Such	a	trend	was	fur-
ther	confirmed	through	the	Kaplan-Meier	analysis	(Fig.	2B).	

IT phase patients with normal ALT

We	performed	a	subgroup	analysis	on	patients	with	normal	
ALT	(≤25	IU	for	women	and	≤35	IU	for	men).	According	to	
histological	indication,	there	was	no	significant	difference	in	
the	proportion	of	patients	eligible	for	treatment	between	
normal	ALT	and	mildly	elevated	ALT	groups	(64.5%	vs.	69.5%,	
P=0.531).	In	addition,	the	clinical	prognosis	of	the	patients	
with	normal	ALT	eligible	for	treatment	was	not	as	good	as	
that	of	patients	with	high	ALT	(Fig.	1C;	log-rank	P=0.913).	On	
the	other	hand,	even	in	patients	with	normal	ALT,	age	was	an	

Table 4. Time-dependent	covariate	Cox	regression	analysis	predicting	liver-related	events

Outcome: liver-related event*
Variable

Univariate Multivariate

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

Sex 　 　 　 　

Male 1	(ref)

Female 1.332	(0.775–2.289) 0.300

Age 1.088	(1.057–1.120) <0.001 1.077	(1.045–1.110) <0.001

HBV	DNA	(IU/mL)

106–107	 1.833	(0.917–3.662) 0.086

107–108	 0.989	(0.530–1.845) 0.972

>108	 1	(ref)

Platelet 0.999	(0.995–1.002) 0.429

AST 0.998	(0.982–1.014) 0.788

ALT 0.985	(0.968–1.002) 0.076

Albumin 0.766	(0.421–1.394) 0.383

Total	bilirubin 1.177	(1.005–1.379) 0.044

Histologic	fibrosis 　 　 　 　

F0-F1 1	(ref) 1	(ref)

F2-F4 5.478	(2.184–13.737) <0.001 3.650	(1.375–9.694) 0.009

Histologic	inflammation 　 　

No	to	minimal 1	(ref) 1	(ref)

Moderate	to	severe 1.641	(0.972–2.769) 0.064 0.966	(0.556–1.679) 0.904

HR,	hazard	ratio;	CI,	confidence	interval;	HBV,	hepatitis	B	virus;	AST,	aspartate	aminotransferase;	ALT,	alanine	aminotransferase.
*Liver-related	event:	liver	cirrhosis,	hepatocellular	carcinoma,	liver	transplantation,	or	death.
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important	factor	in	predicting	the	presence	of	the	histologic	
IT	phase.	Patients	aged	35	or	older	were	significantly	more	
likely	to	be	eligible	for	antiviral	treatment	than	those	under	
35	years	of	age	(75.0%	vs.	45.0%,	P=0.028).

DISCUSSION

Our	study	demonstrates	that	the	serologically	defined	IT	
phase	used	currently	is	more	inconsistent	with	the	histologic	
IT	phase	based	on	liver	biopsy	than	expected.	We	also	identi-
fied	additional	clinical	parameters	closely	related	to	the	his-
tologic	IT	phase	aside	from	the	previously	known	HBV	DNA,	
AST,	and	ALT.	This	study	highlights	the	necessity	for	the	care-
ful	evaluation	of	the	IT	profile	in	adults,	the	impact	of	age	in	
predicting	fibrosis	of	F2	or	higher,	and	the	importance	of	liver	
biopsy.	

Ever	since	the	IT	phase	was	first	conceptualized	by	Profes-
sor	Chu	in	1985,15	it	has	been	classified	as	a	benign	phase	due	
to	the	absence	of	histologic	progression	observed	during	fol-
low-up.	However,	an	increasing	number	of	studies	with	im-
munological	perspectives	have	questioned	such	a	notion.	A	
study	by	Mason	et	al.16	found	that	HBV-specific	T	cells	in	the	
IT	phase	did	not	differ	 from	those	 in	the	 immune	active	
phase.	In	addition,	host	genome	integration,	which	is	consid-
ered	the	first	step	in	promoting	HCC,	has	already	been	dis-
covered	in	the	IT	phase.17	According	to	a	similar	study	involv-
ing	asymptomatic	hepatitis	B	surface	antigen	(HBsAg)	carrier	
children	from	four	to	nine	years	old,	liver	biopsy	showed	defi-
nite	histologic	changes	in	the	livers	of	all	subjects.18	In	addi-
tion	to	this	immunological	evidence,	clinical	findings	yield	
corroborating	results	of	higher	HCC	incidence	in	the	IT	phase	
than	that	 in	the	treated	immune	active	phase.7	Some	re-
searchers	even	argued	that	the	term	“IT	phase”	is	a	misno-

Figure 2.	Incidence	of	liver-related	events	rate	according	to	HBV	DNA	level	and	age.	(A)	Liver-related	event	rate	(percentage),	(B)	Kaplan-Meier	
curves.	HBV,	hepatitis	B	virus.
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mer,	suggesting	the	phrase	“high	replicative,	low	inflamma-
tory”	as	a	substitution.	Similarly,	the	EASL	guideline	changed	
the	term	“IT	phase”	to	“HBeAg	positive	infection”.3,16

The	definition	of	the	IT	phase,	even	the	legitimacy	of	its	
very	existence,	has	remained	debatable.19	However,	it	is	cru-
cial	to	evaluate	its	definition.	Without	a	rigorous	classification	
of	the	IT	phase,	any	following	conclusion	will	forever	remain	
invalid.	The	problem	with	the	IT	phase	defined	by	current	
guidelines,	which	use	clinical	and	virological	parameters,2,3	is	
the	overestimation	of	the	 incidence	of	the	true	IT	phase.	
Moreover,	under	the	current	guidelines,	it	is	not	possible	to	
distinguish	the	true	histologic	IT	phase	and	delayed	HBeAg	
seroconversion.8	It	is	essential	to	distinguish	the	two	clinical-
ly,	since	the	true	histologic	IT	phase	demonstrates	a	good	
prognosis,	whereas	delayed	HBeAg	seroconversion	leads	to	
increased	risks	of	HCC	and	liver	cirrhosis.	The	long-term	out-
come	including	HCC	in	the	IT	phase	has	remained	debatable	
among	the	studies.7,20,21	Most	studies	have	defined	the	IT	
phase	based	on	HBV	DNA	and	ALT	levels.	Previous	studies,	
with	the	use	of	pre-existing	definitions,	are	likely	to	have	un-
intentionally	included	immune	clearance	stage	patients	or	
delayed	HBeAg	seroconversion	patients,	leading	to	unreli-
able	population	samples.	Similarly,	the	sensitivity	values	of	
AASLD	and	EASL	criteria	were	low	in	our	analysis,	16	and	
33%,	respectively,	indicating	pre-existing	diagnostic	criteria	
cannot	accurately	identify	“true	IT	phase	patients.”	
The	first	finding	of	our	study	was	in	identifying	effective	in-

dicators	that	can	predict	the	development	of	liver-related	
events,	such	as	 liver	cirrhosis,	HCC,	LT,	and	death.22,23	Our	
study	found	that	it	is	impossible	to	determine	the	prognosis	
using	serological	criteria	of	HBV	DNA	and	ALT.	In	fact,	there	
have	been	studies	reporting	a	good	prognosis	in	the	bio-
marker-defined	IT	phase,	but	these	studies	additionally	in-
cluded	conditions,	such	as	low	Fibrosis-4	(FIB-4)	score	or	age	
<40	years,	in	addition	to	the	existing	HBV	DNA	and	ALT	lev-
els.24-26	In	the	serological	IT	phase	defined	by	HBV	DNA	and	
ALT,	one	study	reported	that	only	50.3%	of	patients	remained	
in	the	IT	phase	throughout	the	study	period	of	63	months.27	
We	concluded	that	liver	biopsy	was	the	only	accurate	meth-
od	of	evaluating	histologic	liver	fibrosis	in	IT	phase	patients.	
Additionally,	histologic	fibrosis	was	associated	with	long-
term	prognosis	in	our	analysis.	The	occurrence	rate	of	liver-
related	events	was	3.65	times	higher	in	the	fibrosis	of	F2	or	
higher	than	that	in	fibrosis	of	F0	or	F1.	Therefore,	for	patients	
in	the	suspected	IT	phase,	it	is	advisable	to	consider	the	fibro-

sis	stage	regardless	of	virological	markers.	Instead	of	the	liver	
biopsy,	transient	elastography	may	be	an	alternative	tool	to	
assess	the	fibrosis	stage,	though	a	potential	shortcoming	lies	
in	its	inability	to	distinguish	fibrosis	and	moderate-to-severe	
necroinflammation.28	Furthermore,	the	liver	stiffness	value	
has	been	reported	to	be	affected	by	the	degree	of	inflamma-
tion	even	at	a	low	ALT	level.29	Our	analysis	of	FIB-4	and	AST	to	
Platelet	Ratio	Index	(APRI)	substantiates	such	findings,	as	the	
proportions	of	advanced	fibrosis	(≥F3)	in	low	FIB-4	(<1.45)	
and	in	low	APRI	(<1.0)	were	18	and	29%,	respectively.	There-
fore,	the	clinical	usefulness	of	FIB-4	or	APRI	is	notably	low	for	
patients	in	the	IT	phase.	
The	secondary	finding	of	our	study	was	in	determining	

whether	a	biopsy	is	necessary	for	all	patients	with	suspected	
IT	phase.	Because	liver	biopsy,	due	to	its	invasive	nature,	can-
not	practically	be	conducted	in	all	patients,	it	is	preferable	to	
conduct	biopsy	only	in	patients	with	advanced	fibrosis,	the	
most	relevant	predictor	of	long-term	prognosis.	To	reduce	
the	usage	of	such	invasive	diagnostic	methods,	we	analyzed	
clinical	factors	that	can	predict	fibrosis	of	F2	or	higher.	Our	
results	demonstrated	that	the	probability	of	fibrosis	F2	or	
higher	increased	significantly	by	1.3	times	in	patients	over	35	
years,	indicating	age	was	the	only	clinical	predictor	of	fibro-
sis.	Contrary	to	previous	studies,	in	which	age	was	not	con-
sidered	clinically	crucial	compared	to	ALT	and	HBV	DNA,	our	
study	suggests	otherwise:	 liver	biopsy	might	be	recom-
mended	for	patients	over	35	years	of	age	to	evaluate	the	fi-
brosis	stage	histologically.	
The	tertiary	finding	of	our	study	is	the	need	for	antiviral	

therapy	in	the	IT	phase.	Clinical	practices	recommended	by	
current	guidelines	cannot	accurately	 identify	those	who	
need	HBV	suppression	for	HCC	prevention	among	IT	phase	
patients.	With	the	exclusion	of	such	patients	receiving	treat-
ment	based	on	current	guidelines,	a	missed	opportunity	to	
prevent	future	liver	complications	inevitably	follows.	We	be-
lieve	antiviral	treatment	targeted	to	the	appropriate	group	
will	not	only	hinder	liver	cirrhosis	progression	but	also	pre-
vent	HCC.	However,	it	is	difficult	to	use	antiviral	therapy	in	ev-
ery	IT	phase	patient,	considering	its	cost-effectiveness,	low	
adherence	in	younger	patients,	long-term	side	effects,	and	
low	virological	response	in	the	IT	phase.30	Therefore,	to	deter-
mine	the	necessity	of	antiviral	therapy,	liver	biopsy	is	neces-
sary	for	patients	who	have	sufficient	risk	factors	for	histologic	
fibrosis	of	F2	or	higher,	considering	their	poor	 long-term	
prognosis.	
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Finally,	it	is	notable	that	liver-related	events	tended	to	in-
crease	as	HBV	DNA	decreased	in	IT	phase	patients	aged	over	
35	years.	Although	the	strong	positive	correlation	between	
HBV	DNA	level	and	liver-related	events	such	as	HCC	in	hepati-
tis	B	patients	is	well	known,	an	exception	is	made	in	IT	phase	
patients,	because	HBV	DNA	usually	remains	very	high—
above	107	IU/mL—in	patients	who	have	never	undergone	
immune	clearance.19	Therefore,	a	gradual	decrease	in	HBV	
DNA	level	in	patients	with	the	IT	phase	suggests	a	possibility	
of	immune	clearance,	necessitating	a	close	clinical	observa-
tion.
The	most	important	limitation	of	our	study	is	that	our	re-

sults	are	derived	from	retrospective	cohort	data.	First,	the	
time	span	of	our	study	is	too	long.	During	the	study	period,	
the	diagnostic	criteria	and	guidelines	for	chronic	hepatitis	B	
have	been	updated	and	adjusted	numerous	times;	thus,	a	
risk	of	selection	bias	remains.	In	addition,	it	was	not	possible	
to	monitor	liver-related	events	according	to	the	specific	pro-
tocol	in	all	patients.	However,	ultrasounds,	CT	scans,	or	labo-
ratory	tests	were	performed	regularly	every	six	months	ac-
cording	to	the	practice	guidelines.	Also,	mortality	data	in	
patients	with	LT	were	confirmed	by	the	Korean	Statistics	Pro-
motion	Institute	(http://stat.or.kr/)	and	the	registry	of	the	Ko-
rean	Network	for	Organ	Sharing,	respectively.	Secondly,	most	
Korean	hepatitis	B	patients	are	known	to	have	genotype	C,	
which	displays	a	delayed	e-antigen	seroconversion.31	There-
fore,	it	is	difficult	to	generalize	the	35-year	cut-off	to	other	
genotypes.	A	random	sampling	error	in	biopsy	may	exist	in	
our	study.	Finally,	the	previous	serological	criteria	were	used	
to	include	all	patients	who	were	presumably	in	the	IT	phase,	
thus	we	found	more	patients	with	advanced	liver	disease	
than	previously	expected.	Therefore,	we	believe	that	some	of	
the	patients	might	be	in	the	stage	of	regression	of	flare	in	
‘HBeAg	positive,	immune	active	infection.’	Regardless,	it	was	
helpful	to	see	how	many	patients	in	these	diverse	spectra	ac-
tually	were	in	the	histological	IT	phase	and	to	further	refine	
the	indications	for	liver	biopsy.	 In	addition,	similar	results	
were	found	in	subgroup	analysis	in	patients	with	normal	ALT	
(≤25	IU	for	women	and	≤35	IU	for	men).
Future	studies	on	patients	in	the	suspected	IT	phase	need	

to	be	conducted	to	predict	the	prognosis,	using	other	non-
invasive	methods	to	determine	fibrosis.	Furthermore,	the	ef-
fect	of	antiviral	treatment	on	the	long-term	prognosis	in	pa-
tients	diagnosed	with	advanced	 fibrosis	 (F2	or	higher)	
through	non-invasive	methods	must	be	thoroughly	scruti-

nized.	
In	conclusion,	for	IT	phase	patients	aged	35	or	older	who	

are	contemplating	treatment	options,	liver	biopsy	should	be	
considered	without	delay	instead	of	waiting	for	an	increase	
in	ALT	levels.
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