
INTRODUCTION

Numerous	studies	have	revealed	that	conservative	 treat-
ment	for	high-grade	cervical	 intraepithelial	neoplasia	(CIN)	is	
effective	for	preventing	the	development	of	invasive	cervical	
cancer	[1,2].	Since	the	early	1990s,	the	loop	electrosurgical	ex-
cision	procedure	(LEEP)	has	been	a	popular	modality	for	local	
treatment	of	CIN	because	of	 its	many	advantages	over	cryo-
surgery	and	laser	vaporization	[3,4].	Post-treatment	CIN	rates	

of	5-15%	have	been	reported	following	CIN	excision	using	
LEEP	[5].	Long-term	follow-up	after	 local	treatment	of	CIN	is	
mandatory	due	to	the	late	occurrence	of	cervical	cancer	over	
a	period	of	20	years	[6-10].	Early	detection	of	treatment	failure	
is	vital.
The	optimal	method	 for	confirming	the	clearance	of	 the	

neoplastic	process	by	LEEP	is	controversial.	Historically,	cervi-
cal	cytology	was	the	main	tool	for	detecting	residual/recurrent	
dysplasia	during	follow-up.	Recently,	human	papillomavirus	
(HPV)	DNA	testing	after	conization	has	been	used	in	numer-
ous	studies	and	 is	a	preferred	tool	with	several	advantages	
over	cytology	[11,12].	The	negative	conversion	of	high-risk	
(HR)	HPV	after	conization	in	patients	with	positive	HR	HPV	be-
fore	treatment	usually	occurs	during	follow-up	and	suggests	
the	success	of	conization	[13,14].	Nevertheless,	the	timing	for	
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Objective:	The	purpose	of	this	study	was	to	determine	the	predictive	factors	for	residual/recurrent	disease	and	to	analyze	the	
timing	for	Pap	smears	and	human	papillomavirus	(HPV)	testing	during	follow-up	after	loop	electrosurgical	excision	procedure	
(LEEP)	for	cervical	intraepithelial	neoplasia	(CIN)	2	or	worse.	
Methods:	We	retrospectively	analyzed	183	patients	(mean	age,	39.3	years)	with	CIN	2/3	who	were	treated	with	LEEP.	Post-LEEP	
follow-up	was	performed	by	Pap	smear	and	HPV	hybrid	capture2	(HC2)	testing.	The	definition	of	persistent/recurrent	disease	
was	biopsy-proven	CIN	2	or	worse.	
Results:	Among	183	patients,	punch	biopsies	were	CIN	2	in	31	(16.9%)	and	CIN	3	in	152	(83.1%).	HPV	HC2	tests	before	LEEP	were	
positive	in	170	(95.5%)	of	178	patients.	During	follow-up,	12	patients	(6.6%)	had	residual/recurrent	CIN	2+.	LEEP	margin	status	
was	a	significant	predictive	factor	for	persistent/recurrent	disease.	Other	factors	such	as	age,	HPV	HC2	viral	 load	(≥100	relative	
light	units),	and	HPV	typing	(type	16/18	vs.	other	types)	did	not	predict	recurrence.	Early	HPV	HC2	testing	at	3	months	after	LEEP	
detected	all	cases	of	residual/recurrent	disease.	The	sensitivity	and	negative	predictive	value	of	the	HPV	HC2	test	for	residual/
recurrent	disease	were	both	100%	at	3	and	6	months.	
Conclusion:	Margin	involvement	in	conization	specimens	was	a	significant	factor	predicting	residual/recurrent	disease	after	
LEEP.	HPV	test	results	at	3	and	6	months	after	treatment	were	comparable.	Early	3-month	follow-up	testing	after	LEEP	can	offer	
timely	information	about	residual/recurrent	disease	and	alleviate	patient	anxiety	early	about	treatment	failure.	
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follow-up	after	conization	is	still	unclear	and	ranges	from	1	to	
6	months	after	conization	[12,13,15,16].
The	purpose	of	this	study	was	to	determine	the	predictive	

factors	for	residual/recurrent	disease	and	to	analyze	the	timing	
for	Pap	smears	and	HPV	testing	in	order	to	detect	residual/re-
current	disease	during	follow-up	after	LEEP	for	CIN	2	or	higher.

MATERIALS AND METHODS

1. Study population
A	retrospective	analysis	was	used	to	examine	women	who	

underwent	LEEP	 for	CIN	at	Soonchunhyang	University	Bu-
cheon	Hospital,	Korea	 from	January	2005	to	June	2008.	 In	
total,	459	patients	underwent	LEEP	conization	for	CIN	during	
the	study	period.	The	patients	underwent	an	examination	at	
4-6	weeks	postoperatively,	at	3,	6,	12,	18,	and	24	months	dur-
ing	the	first	2	years	and	yearly	thereafter.	At	each	visit,	except	
the	postoperative	visit	at	4-6	weeks,	patients	received	a	liquid-
based	cytology	test,	an	HPV	hybrid	capture2	(HC2)	test,	col-
poscopic	assessment,	and	if	 indicated,	colposcopy-directed	
punch	biopsy	of	 the	cervix.	 If	CIN	2/3	was	 identified	at	the	
margins	of	a	diagnostic	excisional	procedure	or	 in	an	endo-
cervical	cytology	obtained	 immediately	after	LEEP,	we	 fol-
lowed	the	2006	American	Society	for	Colposcopy	and	Cervical	
Pathology	(ASCCP)	guidelines.	Patients	were	reassessed	using	
cytology	with	endocervical	sampling	and	HPV	testing	at	3-6	
months	post-treatment	as	in	patients	with	negative	margins.	
Inclusion	criteria	were	CIN	2	or	3	on	a	colposcopic	punch	

biopsy	and/or	excised	specimen,	adequate	3-	and	6month	
follow-up	after	LEEP	without	a	hysterectomy,	and	an	HPV	HC2	
test	and/or	HPV	DNA	chip	test	before	and	after	LEEP.	Of	the	
459	patients,	59	(12.9%)	underwent	a	hysterectomy	during	
the	study	period,	primarily	due	to	 invasive	cancer,	and	108	
(23.5%)	had	no	or	only	one	follow-up	visit	after	LEEP.	In	total,	
29	patients	with	CIN	1	or	microinvasion	were	also	excluded.	
Eighty	patients	were	excluded	due	to	irregular	follow-up	after	
LEEP.	Finally,	183	patients	satisfied	the	inclusion	criteria.	Epi-
demiological	data,	pathological	 reports,	high-risk	 (HR)-HPV	
test	results,	and	follow-up	data	from	the	medical	records	were	
reviewed.
We	examined	age,	cytology,	HR-HPV	HC2	viral	 load,	HPV	

DNA	type,	and	margin	involvement	status	as	possible	predic-
tive	 factors	 for	 residual/recurrent	disease.	Age	was	divided	
into	young	(<50	years)	and	old	(≥50	years)	age	groups.	HPV	
load	was	classified	as	high	(≥100	relative	light	units,	RLU)	and	
low	(<100	RLU).	HPV	genotyping	was	divided	 into	two	cat-
egories:	HPV	type	16	and/or	18	and	other	HPV	types,	including	
negative	cases.	For	statistical	analyses,	cases	of	multiple	HPV	

infection	including	type	16	or	18	were	categorized	in	the	HPV	
16/18	group.
The	definition	of	residual/recurrent	disease	during	follow-

up	was	biopsy-proven	CIN	2	or	higher,	using	punch	or	re-LEEP	
specimens.	Women	with	two	consecutive	negative	Pap	cytol-
ogy	smears	and	normal	colposcopy	findings	were	considered	
negative	for	a	residual/recurrent	lesion	regardless	of	the	HPV	
HC2	result.

2. Cytology
The	 liquid-based	preparation	test	 (ThinPrep,	Hologic	 Inc.,	

Bedford,	MA,	USA)	was	performed	using	a	soft	plastic	spatula	
and	endocervical	cytobrush	(Medland,	Seoul,	Korea).	All	speci-
mens	were	stained	using	the	Papanicolaou	method.	Final	cy-
tological	diagnosis	was	achieved	using	the	Bethesda	System.	
Diagnoses	were	classified	as	normal	or	inflammatory,	atypical	
squamous	cells	 (ASC),	 low-grade	squamous	 intraepithelial	
lesion	(LSIL),	or	high-grade	squamous	 intraepithelial	 lesion	
(HSIL).	Cytology	was	divided	into	two	groups:	the	low-grade	
group	 included	normal,	atypical	 squamous	cells	of	unde-
termined	significance	(ASCUS),	atypical	squamous	cells	that	
could	not	exclude	high-grade	SIL	(ASC-H),	and	LSILs;	the	high-
grade	group	consisted	of	HSILs	or	higher.	During	the	follow-
up,	an	abnormal	cytological	result	was	defined	as	any	report	
of	HSIL	or	higher.

3. HPV detection
Detailed	procedures	 for	detecting	HR-HPV	have	been	de-

scribed	previously	 [14,17].	Briefly,	HC2	assay	samples	were	
obtained	using	a	cytobrush	(Digene	Cervical	Sampler,	Digene,	
Gaitherburg,	MD,	USA)	during	a	second	swab	of	the	cervix	and	
transferred	to	a	vial	containing	Digene	Specimen	Transport	
Medium.	The	samples	were	tested	for	13	oncogenic	geno-
types	(types	16,	18,	31,	33,	35,	39,	45,	51,	52,	56,	58,	59,	and	68),	
and	the	results	were	classified	as	positive	at	a	RLU/cutoff	ratio	
of	≥1	pg/mL.	Light	measurements	were	quantified	using	a	
luminometer	and	are	expressed	as	the	ratio	between	the	RLU	
of	a	clinical	sample	and	that	of	the	positive	control	(PC).	The	
luminescence	of	a	specimen	was	compared	with	that	of	a	1.0	
pg/mL	HPV-16	cutoff	standard.	In	most	previous	studies,	HC2	
has	shown	a	high	sensitivity	and	negative	predictive	value	
(90-95%)	with	this	cutoff	[18].
A	commercial	HPV	DNA	chip	 (MyHPV	Chip;	Mygene	Co.,	

Seoul,	Korea)	was	also	used	for	HPV	genotyping.	The	HPV	chip	
can	detect	24	type-specific	HPVs	(types	16,	18,	31,	33,	35,	39,	
45,	51,	52,	53,	54,	56,	58,	59,	66,	and	68)	and	eight	HPVs	in	the	
low-risk	group	(6,	11,	34,	40,	42,	43,	44,	and	70).	Target	HPV	
DNA	was	amplified	by	polymerase	chain	reaction	(PCR)	with	
specific	primers	(HPV	and	human	β	globulin)	using	conditions	
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provided	by	Mygene	(Seoul,	Korea),	and	was	 labeled	using	
Cy5-deoxyuridine	triphosphate	 (NEN	Life	Science	Products	
Inc.,	Boston,	MA,	USA).	The	PCR	product	was	hybridized	on	
the	chip	at	40oC	for	2	hours,	and	the	chip	was	washed	with	3
×SSPE	(3.0	M	sodium	chloride,	0.2	M	sodium	hydrogen	phos-
phate,	0.02	M	EDTA,	pH	7.4).	Hybridized	signals	were	visual-
ized	using	a	DNA	chip	scanner	(ScanArray	Lite,	GSI	Lumonics	
Inc.,	Ottawa,	ON,	Canada).

4. LEEP
The	cervix	was	exposed	using	an	adapted	speculum	that	al-

lowed	smoke	evacuation.	Local	anesthesia	was	induced	with	
an	 injection	of	2%	lidocaine	plus	epinephrine	at	the	3,	6,	9,	
and	12	o’clock	positions	of	the	cervix,	using	a	31	G	dental	nee-
dle.	The	electrosurgical	procedure	was	performed	with	a	high-
frequency	electrical	generator.	The	loop	was	selected	accord-
ing	to	the	size	of	the	area	to	be	excised.	When	the	exocervical	
lesion	was	too	large	to	be	accommodated	by	a	single	sweep,	
it	was	excised	with	two	or	more	systematic	sweeps;	to	estab-
lish	the	true	excisional	margins,	the	specimens	were	gathered	
into	their	original	anatomical	shape	by	the	operator	before	
being	sent	to	the	pathology	laboratory.	The	excised	wound	
base	was	cauterized	by	ball	diathermy.	When	an	endocervi-
cal	extension	was	suspected,	an	additional	apical	specimen	
was	taken	using	a	small	wire-loop	electrode.	The	12	o’clock	
position	was	marked	by	cutting	the	excised	specimen.	The	
pathological	report	described	the	severity	of	disease	(CIN	2/3),	
marginal	status	(exocervical	or	endocervical;	clear	or	involved),	
and	glandular	 involvement	(present	or	absent),	according	to	
World	Health	Organization	criteria.

5. Statistical analysis
Statistical	analyses	were	performed	using	the	SPSS	ver.	14.0	

(SPSS	Inc.,	Chicago,	IL,	USA).	Data	were	analyzed	using	Fisher’
s	exact	test	and	logistic	regression	analysis.	Negative	conver-
sion	of	HPV	HC2	after	LEEP	was	analyzed	using	McNemar’s	
test.	Agreement	between	3-	and	6-month	HPV	HC2	and	Pap	
tests	were	analyzed	using	κ	statistics,	with	values	between	0	
and	0.20	indicating	poor	agreement,	0.21-0.40	fair	agreement,	
0.41-0.60	moderate	agreement,	0.61-0.80	good	agreement,	
and	0.81-1.00	very	good	agreement.	All	tests	were	two-sided,	
and	the	level	of	significance	was	set	at	p<0.05.

RESULTS

1. Patient characteristics
The	average	age	of	 the	183	patients	was	39.3±8.7	years	

(range,	22	to	73	years)	(Table	1).	The	average	follow-up	was	

Table 1. Patient characteristics (n=183)

Characteristic Values
Age (yr) 39.3±8.7 (22-73)
Follow-up (mo) 25.3±13.3 (4-60)
    First visit 3.3±0.6 (2-5)
    Second visit 6.7±1.0 (5-9)
Pap test
    Normal 8 (4.4)
    ASCUS 68 (37.2)
    LSIL 18 (9.8)
    HSIL 70 (38.3)
    Cancer 3 (1.6)
    NA 16 (8.7)
HPV HC2 (preoperative, RLU) 476.6±679.4
    Negative 8 (4.4)
    1-9.99 24 (13.1)
    10-99.9 44 (24.0)
    100-999.9 71 (38.8)
    ≥1,000 31 (16.9)
    NA 5 (2.7)
HPV HC2 (at 3-mo FU, RLU)
    Negative 134 (73.2)
    1-9.99 14 (7.7)
    10-99.9 12 (6.6)
    100-999.9 17 (9.3)
    ≥1,000 3 (1.6)
    NA 3 (1.6)
HPV type (preoperative)
    Negative or low-risk 24 (13.1)
    Other high-risk 66 (36.1)
    Type 16 77 (42. 1)
    Type 18 8 (4.4)
    NA 8 (4.4)
Pathology
    CIN 2 31 (16.9)
    CIN 3 152 (83.1)
Margin status of LEEP
    Negative 135 (73.8)
    Exocervix involvement 10 (5.5)
    Endocervix involvement 11 (6.0)
    Both involvement 27 (14.7)
Residual/recurrent cases 12 (6.6)
    CIN 2 2 (16.7)
    CIN 3 9 (75)
    Microinvasion 1 (8.3)

Values are presented as mean±SD (range) or number (%).
ASCUS, atypical squamous cells of undetermined significance; CIN, 
cervical intraepithelial neoplasia; HC2, hybrid capture 2; HPV, human 
papillomavirus; HSIL, high-grade squamous intraepithelial lesion; 
LEEP, loop electrosurgical excision procedure; LSIL, low-grade squa-
mous intraepithelial lesion; NA, not available; RLU, relative light units.
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25.3±13.3	months	(range,	4	to	60	months).	The	first	follow-
up	occurred	at	an	average	of	3.3	months;	and	the	second,	at	
6.7	months.	During	follow-up,	12	(6.6%)	of	the	183	patients	
had	residual/recurrent	lesions,	 including	CIN	2	(2,	16.7%),	CIN	
3	 (9,	75%),	and	microinvasion	(1,	8.3%).	The	mean	 lag	time	
between	LEEP	and	the	recurrent	disease	diagnosis	was	14.0	
months	(range,	4	to	41	months).

2. Cytology, HPV, and biopsy results
The	Pap	test	before	LEEP	showed	that	94	(51.4%)	patients	

had	low-grade	lesions	(8	normal,	68	ASCUS,	18	LSIL)	and	73	
(43.7%)	had	high-grade	 lesions	 (70	HSIL,	3	cancers).	Thirty-
one	patients	(16.9%)	had	CIN	2,	and	152	(83.1%)	had	CIN	3,	
as	determined	from	a	punch	or	LEEP	specimen.	The	average	
preconization	HPV	HC2	viral	 load	was	476.6±679.4	RLU.	 In	
total,	170	(92.9%)	of	 the	178	patients	were	positive	 for	 the	
HR-HPV	HC2	test	before	LEEP.	Eight	patients	who	had	nega-
tive	HR-HPV	HC2	test	results	were	also	negative	for	the	same	
test	during	follow-up.	Five	patients	who	did	not	undergo	the	
HPV	HC2	test	before	LEEP	had	negative	test	 results	during	
follow-up.	Of	the	170	patients	with	positive	HPC	HC2	tests,	
122	(71.8%)	were	negative	for	conversion	at	3	months	based	

on	the	HPV	HC2	test	 (p<0.001).	The	HPV	genotype	analysis	
showed	that	HPV-16	was	the	most	common	type,	present	in	
77	(42.1%)	of	175	patients	who	had	HPV	genotyping	before	
LEEP	(Table	1).	A	negative	margin	was	observed	in	135	(73.8%),	
and	48	(26.3%)	patients	had	an	involved	margin.

3. Prediction of residual/recurrent disease
Twelve	(6.6%)	of	the	183	patients	had	residual/recurrent	le-

sions	during	follow-up.	Residual	or	recurrent	lesions	included	
CIN	2	(2,	16.7%),	CIN	3	(9,	75%),	and	microinvasion	(1,	8.3%)	
(Table	1).	Table	2	shows	the	risk	factors	for	residual/recurrent	
disease,	analyzed	using	 logistic	 regression.	Age	 (cutoff,	50	
years),	preoperative	cytology,	HPV	HC2	viral	 load	(cutoff,	100	
RLU),	and	HPV	genotype	(type	16	plus	18	vs.	other	types	and	
negative	cases)	were	not	relevant	predictors	of	residual/recur-
rent	disease.	Margin	status	was	a	significant	prediction	factor	
for	 residual/recurrent	disease	(odds	ratio	 [OR],	39.079;	95%	
confidence	interval	[CI],	4.399	to	347.184;	p=0.001)	(Table	2).

4. Diagnostic potential of HPV and Pap tests during follow-up
Of	168	patients	without	 residual/recurrent	disease,	134	

(79.8%)	were	negative	on	the	HPV	HC2	test,	and	the	remaining	
34	(20.2%)	were	still	positive	when	tested	at	3	months	after	
LEEP	(Table	3).	All	12	patients	with	residual/recurrent	disease	
had	positive	HPV	HC2	test	results	at	3	months.	We	analyzed	
the	diagnostic	accuracy	of	the	HPV	HC2	test	and	cytology	at	3	
and	6	months.	The	sensitivity	of	the	HPV	HC2	test	for	detect-
ing	residual/recurrent	disease	was	100%	at	3	and	6	months.	
The	specificity,	diagnostic	accuracy,	and	likelihood	ratio	of	a	
positive	result	 for	the	HPV	HC2	test	were	similar	at	3	and	6	
months	(Table	4).	Pap	cytology	showed	a	lower	sensitivity	and	
higher	specificity,	diagnostic	accuracy,	and	likelihood	ratio	of	a	
positive	result	compared	with	the	HPV	test	(Table	4).	 In	terms	
of	agreement	between	the	3-	and	6-month	HPV	HC2	test	and	

Table 2. Logistic regression analysis of risk factors predicting residual/
recurrent disease

Parameter No. Recurrence Odds ratio 
(95% CI) p-value

Age (yr) 0.441 
(0.036-5.352) 0.520

    <50 165 11

    ≥50 18 1

Pap test 1.273 
(0.280-5.793) 0.755

    Low grade 93 4

    High grade 73 8

HPV HC2 (RLU) 7.342 
(0.827-65.200) 0.074

    <100 76 1

    ≥100 102 11

HPV type 0.590 
(0.124-2.860) 0.517

    Type 16/18 85 6

    Other 90 5

Margins 39.079  
(4.399-347.184) 0.001

    Negative 135 2

    Positive 48 10

HC2, hybrid capture 2; HPV, human papillomavirus; RLU, relative light 
units.

Table 3. HPV test results at the first 3-month follow-up visit according 
to margin status and residual/recurrent disease

At 3 mo HPV HC2 result
No residual/

recurrent disease
(n=168)

Residual/ 
recurrent disease

(n=12)

Positive cone margin

    HPV negative (<1 RLU) 26 (72.2) 0

    HPV positive (≥1 RLU) 10 (27.8) 10 (100)

Negative cone margin

    HPV negative (<1 RLU) 108 (75.8) 0

    HPV positive (≥1 RLU) 24 (18.2)   2 (100)

Values are presented as number (%). 
HC2, hybrid capture 2; HPV, human papillomavirus; RLU, relative light 
units.
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Pap	cytology,	 the	kappa	score	was	0.728	 (95%	CI,	0.599	to	
0.857)	for	the	HPV	HC2	test	and	0.727	(95%	CI,	0.984	to	0.490)	
for	Pap	cytology,	showing	good	agreement.

DISCUSSION

Treatment	 failure	 is	an	 important	concern	after	conserva-
tive	treatment	of	a	high-grade	cervical	lesion.	In	our	study,	12	
(6.6%)	of	183	patients	developed	residual/recurrent	disease,	
which	was	similar	with	data	reported	previously	[19-22].	Al-
though	the	success	rate	of	conservative	treatment	for	CIN	2/3	
by	LEEP	is	high,	the	risk	of	CIN	2+	is	much	greater	than	that	in	
the	screening	population,	and	late	recurrent	or	 invasive	dis-
ease	may	develop.	Soutter	et	al.	[9]	reported	that	the	cumula-
tive	rate	of	invasion	8	years	after	treatment	was	5.8	per	1,000	
women.	Long-term	 follow-up	after	 local	CIN	 treatment	 is	
mandatory	due	to	the	late	occurrence	of	cervical	cancer	over	
20	years	 [7,10],	and	has	been	recommended	by	the	ASCCP	
consensus	guidelines	[15].	
Despite	the	importance	of	early	detection	of	treatment	fail-

ure,	follow-up	after	conservative	treatment	of	high-grade	CIN	
has	not	yet	been	standardized	and	varies	 in	term	of	timing,	
intervals,	and	methods.	According	to	the	ASCCP	consensus	
guidelines,	acceptable	post-treatment	management	options	
for	women	with	CIN	2/3	include	HPV	DNA	testing	at	6	to	12	
months.	Follow-up	using	cytology	alone	or	 in	combination	
with	a	colposcopy	at	6	months	 is	also	acceptable	[23].	Sev-
eral	investigators	have	analyzed	the	sensitivity	and	specificity	
of	HPV	DNA	testing	compared	with	 follow-up	cytology	to	
more	accurately	detect	residual/recurrent	disease	after	treat-
ment	[11,24,25].	HPV	testing	was	found	to	be	more	sensitive	

than	follow-up	cytology,	with	comparable	specificity	[12,25].	
Women	who	are	HPV-positive	after	surgery	are	at	higher	risk	
for	treatment	failure;	specifically,	there	is	a	lower	probability	of	
a	negative	HPV	test	eliminating	the	risk	of	residual/recurrent	
disease	[12,20].	Negative	conversion	from	a	positive	HR-HPV	
infection	in	patients	with	CIN	2/3	occurred	earlier	in	a	subse-
quent	hysterectomy	specimen	at	3-6	weeks	after	conization	
treatment	[26,27].	Jain	et	al.	[26]	reported	that	no	residual	le-
sion	was	detected	in	women	with	negative	HPV	test	results	
at	6	weeks	after	conization	(35	cases,	79	patients;	100%	nega-
tive	predictive	value),	 irrespective	of	margin	 involvement	 in	
the	subsequent	hysterectomy	specimen.	This	 finding	that	
viral	clearance	at	 follow-up	after	conization	 is	significantly	
associated	with	the	effectiveness	of	surgical	treatment	was	
reconfirmed	by	Cricca	et	al.	 [28].	Viral	clearance	at	follow-up,	
suggesting	treatment	success,	can	occur	 in	cases	of	margin	
involvement	[28].	 In	the	present	study,	no	residual/recurrent	
disease	was	detected	in	the	women	with	negative	HPV	HC2	
test	results	at	3	months,	 irrespective	of	margin	involvement,	
indicating	100%	negative	predictive	value	for	residual/recur-
rent	disease	during	follow-up;	this	finding	is	consistent	with	
data	reported	previously	[21,25,28].	Similar	results	were	ob-
tained	for	the	6-month	HR-HPV	HC2	test	in	our	study	(Table	4),	
which	was	consistent	with	Zielinski’s	report	that	the	6-month	
result	does	not	differ	significantly	from	the	result	at	3	months	
[29,30].	They	reported	that	the	sensitivity	 for	predicting	re-
sidual/recurrent	CIN	2/3	and	cervical	cancer	using	combined	
cytology	and	HPV	testing	at	3	and	6	months	post-treatment	
was	100%;	the	specificities	were	76%	and	81%,	respectively;	
and	the	negative	predictive	value	was	100%.	High	negative	
predictive	value	is	 important	 in	this	post-treatment	popula-
tion,	because	women	who	test	negative	can	return	to	a	nor-
mal	screening	schedule.	As	shown	in	Table	5,	post-treatment	
HPV	HC2	 testing	had	similar	 sensitivity	and	specificity	 for	
detecting	residual/recurrent	CIN	grade	≥2	irrespective	of	the	
time	between	treatment	and	the	first	HPV	test,	which	was	3-6	
months	[12,19-22,25].	Some	investigators	advocate	that	when	
post-treatment	HR-HPV	DNA	is	absent	at	3	to	6	months	after	
conization,	especially	in	patients	with	a	negative	cone	margin,	
follow-up	can	be	relaxed,	and	the	patient	can	resume	general	
population	screening	[21,26].	Previous	research	investigating	
the	psychological	impact	of	HPV	infection	on	routine	cervical	
cancer	screening	found	that	testing	positive	for	HPV	had	an	
adverse	psychological	impact,	with	increased	anxiety,	distress,	
and	concern	about	sexual	relationships	[31].	Cervical	coniza-
tion	such	as	LEEP	 is	perceived	as	distressing	and	as	more	
painful	than	a	diagnostic	colposcopic	examination	[32].	HPV	
testing	at	3	months	rather	than	6	months	after	treatment	can	
alleviate	patient	anxiety	and	allow	an	earlier	return	to	normal	

Table 4. Sensitivity, specificity, diagnostic accuracy, and likelihood 
ratio of positive test on the HC2 test and cervical cytology at 3 and 6 
months after LEEP

Test Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

Likelihood 
ratio of a 

positive test

3-mo 

    HPV (HC2) 100 79.8 81.1 4.95

    Pap smear 81.8 92.7 92.0 11.2

6-mo

    HPV (HC2) 100 81.9 82.9 5.52

    Pap smear 77.8 92.9 92.1 10.9

κ scores at 3 and 6 mo HPV, 0.728 (95% CI, 0.599-0.857); Pap, 0.727 
(95% CI, 0.984-0.490).
CI, confidence interval, HC2, hybrid capture 2; HPV, human papillo-
mavirus; LEEP, loop electrosurgical excision procedure.
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life.	Coupe	et	al.	 [33]	advocated	HPV	testing	only	at	the	first	
follow-up	date	to	reduce	costs	and	patient	burden.
The	well-known	risk	factors	for	CIN	residual/recurrent	disease	

after	conservative	treatment	are	age,	parity,	cytological	grade,	
lesion	grade,	preoperative	and	follow-up	HPV	viral	 load,	HPV	
genotype,	and	cone	margin	 involvement.	Sarian	et	al.	 [19]	
reported	that	women	older	than	35	years	had	a	significantly	
higher	risk	for	persistent	 infection	following	LEEP,	 indicating	
older	age	as	a	predictive	 factor	 for	a	 residual	 lesion	or	 in-
creased	risk	for	disease	recurrence.	Older	age	at	conization	is	a	
previously	unrecognized	risk	factor	for	recurrence,	as	reported	
by	Verguts	et	al.	 [21].	 In	contrast,	some	studies	have	shown	
that	age	is	not	related	to	the	persistence	of	HPV	infection	after	
treatment,	and	this	is	consistent	with	our	results	[34,35].	Cyto-
logical	grade	before	LEEP	was	also	not	a	significant	factor	for	
residual	disease	or	recurrence	in	the	present	study,	which	is	
consistent	with	previous	reports	[20,36].
High	pre-conization	HR-HPV	viral	 load	as	a	predictor	of	re-

sidual/recurrent	disease	has	been	studied	by	several	 inves-
tigators.	 In	our	study,	a	high	HR-HPV	HC2	viral	 load,	using	a	
cutoff	of	≥100	RLU,	was	not	a	significant	risk	factor	for	predict-
ing	residual/recurrent	disease	after	LEEP	(p=0.074;	OR,	7.342;	
95%	CI,	0.827	to	65.200),	in	agreement	with	a	previous	report	
[37].	Alonso	et	al.	 [12]	 reported	contradictory	results;	how-
ever,	they	used	RLU/PC	of	1,000	as	the	cutoff	value	for	a	high	
viral	 load.	Kang	et	al.	 [20],	using	the	area	under	the	receiver	
operating	characteristics	curve	for	HR-HPV	HC2	viral	 load	us-
ing	variable	cutoffs	(1,	10,	100,	and	1,000	RLU)	in	600	patients,	
showed	that	HPV	viral	 load	was	not	associated	with	residual/
recurrence	(p=0.466),	which	is	consistent	with	our	results.	A	
review	of	published	results	demonstrated	that	the	definition	
of	a	high	HR-HPV	viral	load	has	been	arbitrary	and	needs	to	be	
standardized	in	the	near	future.
Since	the	first	 report	by	Gok	et	al.	 [38]	that	preconization	

infection	with	HPV-16	increases	the	risk	for	recurrent	disease	
during	CIN	3	treatment,	further	studies	have	shown	that	pre-
conization	infection	with	several	other	HPV	genotypes	is	also	a	
risk	factor	for	residual/recurrent	disease,	which	contradicts	our	
results.	In	our	study,	HPV	genotypes	were	grouped	as	type	16	
plus	18	versus	other	high-risk	types	and	negative	cases.	Some	
other	reports	have	considered	each	genotype	independently	
and	showed	that	preconization	HPV-16	was	a	risk	factor	for	
developing	residual/recurrent	CIN	2/3	[20,29,39].	Recent	data	
showed	that	the	presence	of	HPV-16,	-18,	-33,	or	-45,	as	well	
as	multiple	HPV	types,	before	LEEP	is	associated	with	higher	
rates	of	residual/recurrent	disease	after	LEEP	[39].	Few	studies	
have	reported	HPV	genotype	testing	during	follow-up	after	
LEEP.	Kang	et	al.	[20]	suggested	that	persistent	infection	with	
the	same	HR-HPV	genotype,	particularly	HPV-16	and	HPV-18,	
should	be	regarded	as	a	risk	 factor	 for	developing	residual/
recurrent	CIN	2/3.	Similarly,	Kreimer	et	al.	 [22]	reported	that	
HPV-16	positivity	 in	samples	collected	6	months	post-LEEP	
was	associated	with	an	increase	in	the	2-year	absolute	risk	for	
CIN	2+	to	37%,	twice	that	associated	with	HPV-18	(18.5%)	and	
more	than	three	times	that	associated	with	other	oncogenic	
types	 (10.8%).	This	 result	 indicates	 that	 the	HPV	genotype	
should	be	considered	in	post-treatment	monitoring	policies,	
as	advocated	by	Gok	et	al.	[38].	We	could	not	report	these	re-
sults	because	we	did	not	include	HR-HPV	genotyping	during	
follow-up.
Many	studies	clearly	demonstrate	that	margin	involvement	

significantly	 increases	the	risk	 for	residual/recurrent	disease	
[6,25,40].	A	meta-analysis	of	incomplete	CIN	excision	showed	
that	high-grade	post-treatment	CIN	occurred	in	597	(18%)	of	
3,335	women	who	had	margin	involvement	versus	318	(3%)	
of	12,493	women	who	had	complete	excision	[6].	We	found	
a	similar	 result,	as	residual/recurrent	CIN	2+	occurred	 in	10	
(20.8%)	of	48	patients	who	had	margin	 involvement	versus	

Table 5. Recurrence rates, sensitivities, and specificities from studies of post-treatment HC2 HPV testing for residual/recurrent CIN grade ≥2

Study Year No. Recurrence Time from treatment  
to first HPV test (mo) Sensitivity Specificity

Houfflin Debarge et al. [25] 2003 185 2 (1.1) 3 2/2 (100) 134/183 (73.2)

Sarian et al. [19] 2004 87 5 (5.7) 3-6 4/5 (80.0) 68/82 (82.9)

Alonso et al. [12] 2006 203 24 (11.8) 6 23/24 (95.8) 136/179 (76.0)

Kreimer et al. [22] 2006 485 32 (6.6) 6 29/32 (90.6) 289/453 (63.8)

Verguts et al. [21] 2006 72 6 (8.3) 3-6 6/6 (100) 51/66 (77.3)

Kang et al. [20] 2010 672 37 (5.5) 3 36/37 (97.3) 591/635 (93.1)

Present study 2012 183 12 (6.6) 3 12/12 (100) 134/168 (79.7)

Values are presented as number (%).
CIN, cervical intraepithelial neoplasia; HC2, hybrid capture 2; HPV, human papillomavirus.



Early HPV test predicts residual/recurrent disease after LEEP

J Gynecol Oncol Vol. 23, No. 4:217-225 www.ejgo.org 223

2	(1.5%)	of	135	who	received	complete	excision.	Our	study	
further	supports	previous	findings	showing	that	the	risk	 for	
residual/recurrent	disease	is	not	negligible,	even	when	mar-
gins	are	negative	[6,20,41].	The	reasons	for	recurrence	after	
complete	excision	may	include	multifocal	lesions,	inadequate	
specimens,	and	HPV	DNA	persistence	[11,13].	A	hysterectomy	
should	be	performed	only	when	the	surgeon	is	not	confident	
that	invasive	disease	more	advanced	than	stage	IA1	is	absent	[6].
Previous	studies	have	shown	that	about	one-fifth	of	patients	

with	LEEP	specimen	margin	involvement	will	have	high-grade	
residual/recurrent	CIN.	Despite	the	high	risk	for	residual/recur-
rence	 in	cases	of	margin	 involvement,	virtually	all	 residual/
recurrent	patients	can	be	detected	by	either	HC2	or	HPV	
genotype	testing.	 If	HPV	genotyping	during	follow-up	were	
to	 indicate	HPV	genotypes	different	from	those	present	be-
fore	LEEP,	particularly	for	HPV-16	or	HPV-18,	the	patient	could	
be	advised	to	return	to	normal	screening	for	cervical	cancer.	
Notably,	one	drawback	of	the	HPV	test	after	LEEP	treatment	is	
its	low	specificity.	Especially	in	younger	women,	false-positive	
tests	can	result	 in	a	high	referral	rate	for	colposcopy,	which	
may	cause	anxiety	in	patients.
The	current	routine	follow-up	procedure	lacks	randomized	

controlled	trials	to	allow	for	a	comparison	among	follow-up	
strategies	and	HPV	detection	methods.	 Ideally,	a	 random-
ized	controlled	trial	with	a	follow-up	period	of	at	least	5	years	
would	allow	researchers	to	compare	different	HPV	tests	with	
cytology	to	clarify	the	best	strategies	and	the	impacts	of	false-
positive	and	false-negative	findings.	However,	the	number	of	
studies	with	follow-up	testing	between	3	and	6	months	after	
LEEP	is	limited	[29].
Some	limitations	of	this	study	include	its	retrospective	study	

design,	 lack	of	follow-up	for	all	treated	patients,	and	lack	of	
HPV	genotype	testing	during	follow-up.	Nevertheless,	the	re-
sults	are	largely	consistent	with	recently	published	data.
In	conclusion,	our	results	suggest	that	when	the	cone	margin	

is	positive	and	an	HPV	HC	test	is	negative,	the	risk	for	residual/
recurrent	disease	is	negligible.	HPV	testing	and	Pap	cytology	
between	3	and	6	months	after	treatment	showed	comparable	
results.	Therefore,	an	early	 follow-up	test	at	3	months	after	
LEEP	can	offer	timely	information	about	residual	or	recurrent	
disease	and	quickly	alleviate	patient	anxiety	about	treatment	
failure,	 thus	helping	patients	 return	to	a	normal	screening	
schedule.
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