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Abstract
Background: To	evaluate	whether	the	use	of	the	internal	target	volume	(ITV)	
delineation	method	improves	the	performance	of	intensity-	modulated	radiother-
apy	(IMRT)	and	three-	dimensional	conformal	radiotherapy	(3DCRT)	in	terms	of	
survival,	acute	toxicities,	and	dose–	volume	parameters.
Methods: A	total	number	of	477	cervical	cancer	patients	who	received	concur-
rent	 chemoradiotherapy	 (CCRT)	 from	 January	 2012	 to	 December	 2016	 were	
retrospectively	analyzed.	They	were	divided	 into	 four	groups:	 the	non-	ITV	(N-	
ITV) + IMRT,	ITV + IMRT,	N-	ITV + 3DCRT,	and	ITV + 3DCRT	groups,	with	
76,	41,	327,	and	33	patients,	respectively.	Survival	analysis	was	performed	with	
the	 Kaplan–	Meier	 and	 the	 log-	rank	 tests,	 and	 acute	 toxicity	 analysis	 was	 per-
formed	with	the	chi-	squared	test	and	the	binary	logistic	regression	test.	Using	the	
propensity	score	matching	(PSM)	method,	92	patients	were	matched	among	the	
four	groups,	and	their	dose–	volume	parameters	were	assessed	with	the	Kruskal–	
Wallis	method.
Results: The	median	follow-	up	time	was	49 months	(1–	119)	for	overall	survival	
(OS).	The	5-	year	OS	rate	was	66.4%.	The	ITV	delineation	method	was	an	inde-
pendent	prognostic	factor	for	OS	(HR	[95%	CI]:	0.52	[0.27,	0.98],	p = 0.044)	and	
progression-	free	survival	(PFS)	(HR	[95%	CI]:	0.59	[0.36,	0.99],	p = 0.045).	The	
ITV + IMRT	group	had	the	lowest	incidence	rate	(22%)	and	the	N-	ITV + IMRT	
group	 had	 the	 highest	 incidence	 rate	 of	 grade	≥3  hematological	 toxicity	 (HT)	
(46.1%)	among	the	four	groups.	The	pelvic	bone	marrow	relative	V10,	V20,	and	
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1 	 | 	 INTRODUCTION

According	 to	 the	 International	 Agency	 for	 Research	 on	
Cancer,	cervical	cancer	has	 the	 fourth	highest	 incidence	
and	 mortality	 rates	 in	 women	 worldwide.1	 There	 were	
569.8	thousand	new	cervical	cancer	cases	and	311.4	thou-
sand	cervical	cancer	deaths	in	2018.	Currently,	concurrent	
chemoradiotherapy	(CCRT)	is	the	standard	treatment	for	
locally	advanced	cervical	cancer.2

With	 the	 advancement	 of	 radiotherapy	 techniques,	
IMRT	and	volumetrically	modulated	arc	therapy	(VMAT)	
are	 often	 used	 for	 the	 treatment	 of	 cervical	 cancer.	 The	
purpose	 of	 precise	 treatment	 is	 to	 reduce	 the	 occurrence	
of	 side	 effects.	 Many	 studies3-	7  have	 shown	 that	 IMRT	 is	
associated	with	higher	survival	rates	and	fewer	side	effects	
than	 3DCRT,	 including	 gastrointestinal,	 genitourinary	
toxicity,	 and	 hematological	 toxicity.	 Considering	 uterine	
movement8,9	and	its	influences	on	the	bladder	and	rectum,	
a	consensus	on	IMRT	was	published	in	2011	for	patients	re-
ceiving	definitive	CCRT.10	Some	have	proposed	creating	an	
ITV	to	help	address	the	challenge	of	bladder	filling	status	
and	vaginal	movement,	but	this	has	not	been	supported	by	
all,9,11-	14	and	there	is	a	lack	of	data	evaluating	the	disease	
outcomes	and	side	effects	of	using	an	ITV	with	IMRT.15,16	
Related	 studies11,12,15,17-	22  mainly	 assessed	 the	 advantages	
of	ITV	from	organ	motion	or	contouring	margins.

To	compare	the	clinical	difference	of	whether	the	use	
of	 the	 internal	 target	 volume	 (ITV)	 delineation	 method	
in	 intensity-	modulated	 radiotherapy	 (IMRT)	 and	 three-	
dimensional	conformal	radiotherapy	(3DCRT)	is	different	
in	 terms	 of	 survival,	 acute	 toxicities,	 and	 dose–	volume	
parameters,	 this	 study	 was	 conducted	 by	 analyzing	 data	
from	477	cervical	cancer	patients	treated	at	a	single	insti-
tution	from	January	2012	to	December	2016.

2 	 | 	 METHODS

2.1	 |	 Patients

The	 study	 was	 a	 retrospective	 review	 from	 a	 single	
institution.	 A	 total	 of	 1334	 patients	 without	 distant	

metastasis	 received	external	beam	radiotherapy	 (EBRT).	
Figure 1 summarizes	the	selection	of	the	patients.	Among	
them,	477	patients	with	2014	FIGO	stage	IB2	to	IVA	and	
some	earlier	stage	patients	who	refused	surgery	were	in-
cluded.	All	patients	receiving	definitive	CCRT	were	ana-
lyzed.	A	total	of	427	patients	had	complete	follow-	up	data,	
9	patients	ceased	contact	after	disease	progression,	and	41	
patients	were	lost	to	follow-	up.

Among	all	the	included	patients,	the	median	age	was	
54 years	(range	from	26	to	79).	In	35	patients,	 the	maxi-
mum	tumor	diameter	was	unknown	due	to	unclear	tumor	
edges.	Pelvic	magnetic	resonance	imaging	(MRI)	or	com-
puted	 tomography	 (CT)	 with	 contrast	 was	 performed	 to	
evaluate	the	tumor	and	extent	of	disease	(Figure 1).

2.2	 |	 Radiotherapy and chemotherapy

All	 patients	 received	 radiotherapy,	 which	 included	 45–	
50 Gy	EBRT	and	3–	5	fractions	of	high-	dose	rate	brachy-
therapy	(HDRB)	(point	A	dose,	6 Gy/fraction).	All	IMRT	
cases	 used	 static	 beam	 IMRT	 technology.	 Patients	 with	
positive	pelvic	lymph	nodes	(PLNs)	received	a	simultane-
ous	integrated	boost	in	the	IMRT	group,	but	they	received	
a	sequential	boost	in	the	3DCRT	group.	All	patients	emp-
tied	the	bladder	and	rectum	30 min	before	 the	CT	scan	
and	then	drank	different	amount	of	water	in	10 minutes.	
They	 were	 divided	 into	 two	 groups:	 the	 ITV	 group	 (74	
patients)	 was	 determined	 by	 twice	 of	 CT	 scans	 (with	 a	
large	bladder	and	an	empty	bladder	at	planning,	with	a	
moderate	 bladder	 at	 daily	 treatment);	 the	 N-	ITV	 group	
(403	patients)	was	determined	by	once	of	CT	scan	(with	
a	moderate	bladder	at	planning	and	daily	treatment).	We	
controlled	 the	 bladder	 volume	 by	 controlling	 the	 time	
and	 the	 amount	 of	 drinking	 water	 and	 monitoring	 by	
cone	beam	computed	tomography	(CBCT)	at	 least	once	
a	week.	We	defined	the	bladder	after	urination,	<100 cc,	
100–	300 cc,	and	>300 cc	as	empty,	moderate,	and	large.	
The	 target	 volume	 delineation23	 and	 constraints	 were	
determined	 according	 to	 Lim	 et	 al.’s	 consensus10	 and	
the	RTOG	1203 study.	The	PTV	was	expanded	5 mm	in	
the	 horizontal	 direction	 and	 7  mm	 in	 the	 craniocaudal	
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V30	in	the	N-	ITV + IMRT	group	was	higher	than	those	in	the	ITV + IMRT	and	
N-	ITV + 3DCRT	groups	(p < 0.05).
Conclusions: The	use	of	ITV	for	IMRT	treatment	planning	was	associated	with	
improved	overall	survival	and	progression-	free	survival,	with	lower	HT	rate.
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direction	 from	 the	 CTV	 in	 the	 ITV  +  IMRT	 group	 and	
ITV + 3DCRT	group.	Based	on	the	location	of	the	tumor	
and	 the	 clinician's	 experience,	 the	 PTV	 was	 expanded	
by	5–	10 mm	in	lateral,	10–	20 mm	in	anterior,	posterior,	
superior,	and	inferior	directions	from	the	CTV	in	the	N-	
ITV  +  IMRT	 group	 and	 N-	ITV  +  3DCRT	 group.	 A	 de-
tailed	description	and	the	schematic	diagram	of	the	ITV	
delineation	method	are	shown	in	Table	A	and	Figure	A,	
separately.	For	bone	marrow,	per	protocol	was	defined	as	
V10 < 90%	and	V40 < 37%,	and	acceptable	was	V25 < 90%	
and	V40 < 60%.

All	patients	received	one	of	 the	following	chemother-
apy	regimens:	1.	a	weekly	cisplatin	(DDP)	regimen,	40 mg/
m2/w	DDP,	w1–	w5;	2.	a	triweekly	regimen	of	25 mg/m2/d	
DDP,	d1–	d3 + 3 g/m2/96 h	5-	fluorouracil	(5-	FU),	w1,	w4;	3.	
a	weekly	TP	regimen	of	30 mg/m2	DDP + 45 mg/m2	pacli-
taxel	liposome	(PTXL),	w1,	w4;	4.	a	triweekly	DDP + tega-
fur	regimen	of	75 mg/m2	DDP	d1 + 0.6 g/m2	tegafur,	d1–	d3,	
w1,	 w4;	 5.	 a	 weekly	 nedaplatin	 regimen	 of	 40  mg/m2/w	
nedaplatin,	w1–	w5;	and	6.	other	chemotherapy	regimens:	

paclitaxel,	capecitabine + oxaliplatin,	and	DDP + etopo-
side.	Because	there	were	very	few	cases,	the	patients	with	
these	 regimens	were	 incorporated	 into	one	group.	There	
were	108,	36,	155,	127,	27,	and	24	patients	in	each	group,	
respectively	(Table 1).

2.3	 |	 Evaluation of acute HT

The	HT	results	are	summarized	according	to	the	Common	
Terminology	 Criteria	 for	 Adverse	 Events	 version	 4.0	
(CTCAE	V4.0).	Considering	the	small	number	of	patients,	
patients	with	grade	3	and	4	HT	were	analyzed	together	as	
the	grade	≥3	HT	group.

2.4	 |	 Statistical analysis

The	Kaplan–	Meier	method	was	used	to	compare	OS	and	
PFS	between	the	four	groups.	The	log-	rank	test	was	used	to	

F I G U R E  1  Flow	chart	of	the	present	
study.	3DCRT,	three-	dimensional	
conformal	radiotherapy;	CCRT,	
concurrent	chemoradiotherapy;	EBRT,	
external	beam	radiotherapy;	IMRT,	
intensity-	modulated	radiotherapy;	ITV,	
internal	target	volume;	KPS,	Karnofsky	
score;	N-	ITV,	non-	internal	target	volume;	
PSM,	propensity	score	matching
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T A B L E  1 	 Characteristics	of	patients	and	treatments	(n = 477)

Variables Total (%)

Radiation plan type (%)

p valueN- ITV + IMRT ITV + IMRT N- ITV + 3DCRT ITV + 3DCRT

FIGO	stage

II 298	(62.5) 40	(52.6) 25	(61) 213	(65.1) 20	(60.6) 0.033

III 132	(27.7) 28	(36.8) 9	(22) 87	(26.6) 8	(24.2)

IVA 10	(2.1) 4	(5.3) 0	(0) 6	(1.8) 0	(0)

I 37	(7.8) 4	(5.3) 7	(17.1) 21	(6.4) 5	(15.2)

Age	(years)

>45 410	(86) 67	(88.2) 34	(82.9) 281	(85.9) 28	(84.8) 0.885

≤45 67	(14) 9	(11.8) 7	(17.1) 46	(14.1) 5	(15.2)

Pre-	Hb	(g/L)

<110 168	(35.2) 26	(34.2) 13	(31.7) 116	(35.5) 13	(39.4) 0.915

≥110 309	(64.8) 50	(65.8) 28	(68.3) 211	(64.5) 20	(60.6)

Histological	types

SCC 448	(93.9) 71	(93.4) 39	(95.1) 308	(94.2) 30	(90.9) 0.873

N-	SCC 29	(6.1) 5	(6.6) 2	(4.9) 19	(5.8) 3	(9.1)

Tumor	size	(cm)

≤4 183	(38.4) 24	(31.6) 21	(51.2) 129	(39.4) 9	(27.3) 0.193

>4 259	(54.3) 44	(57.9) 17	(41.5) 175	(53.5) 23	(69.7)

Unknown 35	(7.3) 8	(10.5) 3	(7.3) 23	(7) 1	(3)

PLN

Positive 143	(30) 40	(52.6) 15	(36.6) 73	(22.3) 15	(45.5) 0.000

Negative 334	(70) 36	(47.4) 26	(63.4) 254	(77.7) 18	(54.5)

EBRT	technique

IMRT 117	(24.5) 76	(100) 41	(100) 0	(0) 0	(0) 0.000

3DCRT 360	(75.5) 0	(0) 0	(0) 327	(100) 33	(100)

Tumor	delineation	
method

ITV 74	(15.5) 0	(0) 41	(100) 0	(0) 33	(100) 0.000

N-	ITV 403	(84.5) 76	(100) 0	(0) 327	(100) 0	(0)

Chemotherapy	regimens

DDP + 5FU 36	(7.5) 7	(9.2) 5	(12.2) 24	(7.3) 0	(0) 0.000

DDP + Tegafur 127	(26.6) 29	(38.2) 0	(0) 98	(30) 0	(0)

Nedaplatin 27	(5.7) 2	(2.6) 0	(0) 25	(7.6) 0	(0)

Others 24	(5) 10	(13.2) 4	(9.8) 9	(2.8) 1	(3)

DDP + PTX 155	(32.5) 17	(22.4) 3	(7.3) 134	(41) 1	(3)

DDP 108	(22.6) 11	(14.5) 29	(70.7) 37	(11.3) 31	(93.9)

Chemotherapy	cycles	(%)

>80a 393	(82.4) 70	(92.1) 33	(80.5) 262	(80.1) 28	(84.8) 0.096

≤80 84	(17.6) 6	(7.9) 8	(19.5) 65	(19.9) 5	(15.2)

Residual	tumor

Yes 204	(42.8) 23	(30.3) 24	(58.5) 141	(43.1) 16	(48.5) 0.024

No 273	(57.2) 53	(69.7) 17	(41.5) 186	(56.9) 17	(51.5)

HDRB	(fractions)

≤4 310	(65) 38	(50) 27	(65.9) 226	(69.1) 19	(57.6) 0.013
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compare	the	differences	between	groups.	The	Cox	propor-
tional	hazards	model	was	used	to	screen	the	independent	
prognostic	factors	affecting	OS	and	PFS.	The	difference	in	
the	incidence	of	intergroup	toxicity	was	compared	by	the	
chi-	squared	 test.	Binary	 logistic	 regression	was	screened	
to	select	the	independent	factors	that	influenced	toxicity.	
According	to	the	EBRT	technique	and	tumor	delineation	
method,	all	477	cervical	cancer	patients	were	divided	into	
four	arms:	Arm	A,	ITV + IMRT;	Arm	B,	ITV + 3DCRT;	
Arm	 C,	 N-	ITV  +  3DCRT;	 and	 Arm	 D,	 N-	ITV  +  IMRT.	
They	 became	 Arm	 A',	 B',	 C',	 and	 D',	 respectively,	 after	
PSM.	 Twenty-	four	 patients	 were	 excluded	 for	 undergo-
ing	 other	 chemotherapy	 regimens.	 The	 remaining	 453	
patients	 were	 divided	 into	 two	 chemotherapy	 groups:	

one	group	(144	patients)	 received	DDP	or	DDP + 5-	FU,	
which	 the	 NCCN	 guidelines	 strongly	 prefer2	 when	 pa-
tients	 receive	 CCRT,	 while	 the	 other	 patients	 were	 re-
garded	 as	 one	 group	 (309	 cases).	 We	 implemented	 PSM	
in	SPSS	24.0	to	pair	Arm	C	with	Arm	D,	Arm	A	with	Arm	
D',	 and	Arm	B	with	Arm	C'.	The	PSM	method	was	car-
ried	 out	 at	 a	 ratio	 of	 1:1	 to	 match	 the	 four	 arms.	 FIGO	
stage,	tumor	size	(cm),	chemotherapy	regimen,	and	pelvic	
lymph	node	(PLN)	status	were	matched	as	covariates.	The	
choice	 of	 matching	 covariates	 is	 based	 on	 the	 results	 of	
toxicity	analysis	in	our	study.	Match	tolerance	was	set	up	
appropriately	to	ensure	a	large	enough	sample	size.	All	pa-
tients'	(92	cases)	plans	after	PSM	were	designed	to	receive	
45 Gy	of	EBRT.	Differences	in	characteristics	and	toxicity	

Variables Total (%)

Radiation plan type (%)

p valueN- ITV + IMRT ITV + IMRT N- ITV + 3DCRT ITV + 3DCRT

>4 167	(35) 38	(50) 14	(34.1) 101	(30.9) 14	(42.4)

EQD2	(Gy)

>85 136	(28.5) 34	(44.7) 2	(4.9) 90	(27.5) 10	(30.3) 0.000

≤85 341	(71.5) 42	(55.3) 39	(95.1) 237	(72.5) 23	(69.7)

Treatment	time	(days)

>56 218	(45.7) 61	(80.3) 14	(34.1) 131	(40.1) 12	(36.4) 0.000

≤56 259	(54.3) 15	(19.7) 27	(65.9) 196	(59.9) 21	(63.6)

Age	(years),	median	
(range)

54	(26,	79) 54	(34–	75) 55	(36–	70) 54	(26–	79) 55	(39–	70) 0.972

Pre-	Hb	(g/L),	median	
(range)

118.5	(32.1,	
158)

116	(52.7–	144.8) 119	(37.2–	141.2) 118.3	(32.1–	158) 117.9	(61.6–	141.5) 0.562

Tumor	size	(cm),	median	
(range)

5	(1,	9) 5	(1–	8) 4	(2–	6) 4.5	(1.5–	9) 5	(2.5–	6) 0.179

Chemotherapy	cycles,	
median	(range)

4	(1,	8) 3	(1–	8) 5	(2–	6) 4	(1–	8) 5	(2–	5) 0.181

HDRB	(fractions),	
median	(range)

4	(1,	8) 5	(3–	6) 4	(2–	7) 4	(1–	8) 4	(3–	7) 0.279

EQD2	(Gy),	median	
(range)

82	(54,	110) 84	(68–	107) 78	(62–	100) 82	(54–	110) 78	(70–	100) 0.000

Treatment	time	(days),	
median	(range)

56	(31,	94) 64	(35–	84) 52	(31–	71) 55	(32–	94) 56	(32–	71) 0.000

Follow-	up	time	(PFS,	
months),	median	
(range)

45	(1,	97) 42	(3–	91) 46	(1–	88) 46	(1–	97) 43	(3–	65) 0.303

Follow-	up	time	(OS,	
months),	median	
(range)

49	(1,	119) 48	(5–	91) 47	(1–	88) 51	(4–	119) 44	(24–	65) 0.319

Total 477	(100) 76	(100) 41	(100) 327	(100) 33	(100)

Note: Bold:	Statistically	significant	p	value.
Abbreviations:	3DCRT,	three-	dimensional	conformal	radiotherapy;	5-	FU,	5-	fluorouracil;	DDP,	cisplatin;	EBRT,	external	beam	radiotherapy;	FIGO,	
International	Federation	of	Gynecology	and	Obstetrics;	HDRB,	high-	dose	rate	brachytherapy;	IMRT,	intensity-	modulated	radiotherapy;	ITV,	internal	target	
volume;	N-	ITV,	non-	internal	target	volume;	N-	SCC,	non-	squamous	cell	carcinoma;	PLN,	pelvic	lymph	node;	Pre-	Hb,	the	lowest	level	of	hemoglobin	before	
treatment;	PTXL,	paclitaxel	liposome;	SCC,	squamous	cell	carcinoma.
aFor	weekly	regimens	>80%	should	receive	five	cycles;	for	triweekly	regimens	>80%	should	receive	two	cycles.

T A B L E  1 	 (Continued)



156 |   LIANG et al.

rates	were	detected	by	the	 t-	test,	 the	chi-	squared	test,	or	
the	Fisher's	exact	test	between	the	four	arms.	The	dose–	
volume	parameters	were	analyzed	by	the	Kruskal–	Wallis	
test.	p < 0.05	was	considered	significant.

3 	 | 	 RESULTS

The	 median	 follow-	up	 times	 were	 49  months	 (1–	119)	
and	45 months	(1–	97)	for	OS	and	PFS,	respectively.	The	
follow-	up	rates	for	OS	and	PFS	were	89.5%	and	91.4%,	re-
spectively.	Three	(4.1%)	patients	in	the	ITV	group	and	38	
(9.4%)	in	the	N-	ITV	group	were	completely	lost	to	follow-
	up.	 The	 4-	year	 OS	 rates	 were	 77.9%,	 71.5%,	 61.4%,	 and	
29.6%	 for	 stage	 I,	 II,	 III,	 and	 IVA	 patients,	 respectively	
(Table 2).	The	2-	year,	3-	year,	and	5-	year	OS	and	PFS	rates	
were	80.1%,	74.0%,	and	64.1%	and	72.9%,	66.4%,	and	58.3%,	
respectively.

Survival	 comparison	 of	 the	 patients	 with	 or	 without	
using	the	ITV	delineation	methods	is	shown	in	Figure	B.	
Compared	to	the	N-	ITV	group,	the	ITV	group	had	a	better	
OS	(HR	(95%	CI):	0.52	(0.27,	0.98),	p = 0.044)	and	PFS	(HR	
(95%	 CI):	 0.59	 (0.36,	 0.99),	 p  =  0.045)	 after	 multivariate	
analysis.	There	was	no	statistically	 significant	difference	
between	the	IMRT	and	3DCRT	groups	in	terms	of	OS	or	
PFS.	 Patients	 with	 >4	 fractions	 of	 HDRB	 had	 a	 signifi-
cantly	worse	OS	(HR	[95%	CI]:	1.49	[1.09,	2.06],	p = 0.014)	
and	PFS	(HR	[95%	CI]:	1.55	[1.15,	2.08],	p = 0.004)	than	
patients	with	≤4	fractions	of	HDRB	in	the	univariate	anal-
ysis.	However,	HDRB	fractions	were	not	statistically	sig-
nificant	in	multivariate	analysis.

Multivariate	prognostic	analysis	showed	that	other	fac-
tors,	such	as	chemotherapy	regimen	(nedaplatin	vs.	DDP:	
HR	[95%	CI]:	0.24	[0.08,	0.73],	p = 0.011),	histological	type	
(squamous	cell	cancer	[SCC]	vs.	non-	squamous	cell	can-
cer	 [N-	SCC]:	 HR	 [95%	 CI]:	 0.55	 [0.31,	 0.98],	 p  =  0.041),	
and	EQD2	(>85 Gy	vs.	≤85 Gy:	HR	[95%	CI]:	1.03	[1.01,	
1.06],	p = 0.021),	were	also	independent	prognostic	factors	
for	OS	in	cervical	cancer	patients.

Histological	 type	 (SCC	 vs.	 N-	SCC,	 HR	 [95%	 CI]:	 0.57	
[0.33,	 0.98],	 p  =  0.043),	 PLN	 (positive	 vs.	 negative,	 HR	
[95%	CI]:	1.39	[1.01,	1.92],	p = 0.046),	and	EQD2	(>85 Gy	
vs.	≤85 Gy:	HR	[95%	CI]:	1.03	[1.01,	1.06],	p = 0.005)	were	
also	 independent	 prognostic	 factors	 for	 PFS	 in	 cervical	
cancer	patients.

Of	the	four	groups,	the	ITV + IMRT	group	had	the	low-
est	incidence	of	acute	HT	(p = 0.000).	The	N-	ITV + IMRT	
group	had	the	highest	incidence	rates	of	grade	3	and	grade	
4	HT,	at	31.6%	and	14.5%,	respectively	(Table 3).	The	de-
tails	of	all	acute	toxicities	are	shown	in	Table	B.	Only	one	
patient	had	grade	4	cystitis	who	was	from	the	ITV + IMRT	
group.	 ITV  +  IMRT	 group	 was	 associated	 with	 numeri-
cally	higher	 rates	of	acute	 severe	vomiting	and	diarrhea	

when	compared	with	the	other	groups.	However,	all	 the	
differences	 were	 not	 statistically	 significant	 (p  =  0.268,	
0.063,	respectively).

Compared	 with	 the	 ITV  +  3DCRT	 group,	 the		
N-	ITV  +  IMRT	 group	 had	 a	 significantly	 higher	 rate	
of	 acute	 radiation	 toxicity,	 and	 the	 ITV  +  IMRT	 and		
N-	ITV + 3DCRT	groups	had	significantly	 lower	rates	of	
grade	≥3  leukopenia	(38.2%,	22.0%,	and	19.9%	vs.	24.2%,	
p  =  0.009),	 grade	 ≥3	 thrombocytopenia	 (10.5%,	 0%,	
and	 2.8%	 vs.	 3%,	 p  =  0.007),	 and	 grade	≥3	 neutropenia	
(35.5%,	17.1%,	and	13.8%	vs.	18.2%,	p = 0.000)	(Figure	C).	
Regarding	the	impact	of	chemotherapy	regimens	on	HT,	
the	rates	of	grade	≥3 myelosuppression	were	lower	in	the	
DDP + PTXLs	group,	nedaplatin	group,	and	DDP + tega-
fur	group	and	were	higher	in	the	DDP + 5-	FU	group	and	
other	groups	than	the	DDP	chemotherapy	group	(respec-
tively,	 16.1%,	 25.9%,	 27.6%,	 41.7%,	 and	 58.3%	 vs.	 27.8%,	
p = 0.000)	(Figure	D).

The	 results	 of	 the	 binary	 logistic	 regression	 model	
showed	that	different	radiation	plan	types	(ITV + IMRT	
and	N-	ITV + 3DCRT	vs.	N-	ITV + IMRT:	HR	[95%	CI]:	0.35	
[0.12,	1.01]	and	0.45	[0.24,	0.82],	respectively,	p = 0.052,	
0.009),	 different	 chemotherapy	 regimens	 (DDP  +  5-	FU,	
DDP + tegafur,	and	others	vs.	DDP + PTXL:	HR	[95%	CI]:	
5.12	[2.18,	12.04],	2.05	[1.07,	3.89],	and	6.66	[2.28,	19.44],	
p  =  0.000,	 0.029,	 and	 0.001),	 and	 chemotherapy	 cycles	
(>80%	vs.	≤80%,	HR	[95%	CI]:	0.30	[0.16,	0.54],	p = 0.000)	
might	be	independent	risk	factors	for	acute	HT	(Table 4).

The	characteristics	of	the	92	patients	matched	by	PSM	
are	 shown	 in	 Table	 C.	 The	 patients	 of	 the	 four	 groups	
had	 comparable	 characteristics.	 The	 pelvic	 bone	 mar-
row	 relative	 volume	 receiving	 a	 dose	 less	 than	 35  Gy	
in	 the	 N-	ITV  +  IMRT	 group	 was	 greater	 than	 those	 in	
the	 ITV  +  IMRT	 group	 and	 the	 N-	ITV  +  3DCRT	 group	
(p < 0.05)	(Table 5).

4 	 | 	 DISCUSSION

This	is	the	first	study	comparing	survival	rates	between	ITV	
and	N-	ITV	groups	by	controlling	the	bladder	volume	and	
considering	different	delineation	method	in	cervical	can-
cer	patients	receiving	CCRT.	This	is	the	first	study	to	ana-
lyze	the	difference	between	four	groups	(N-	ITV + IMRT,	
ITV + IMRT,	N-	ITV + 3DCRT,	and	ITV + 3DCRT)	in	the	
treatment	of	cervical	cancer.

Like	 many	 studies,4,24-	28	 our	 study	 discovered	 that	
IMRT	 for	 CCRT	 of	 cervical	 cancer	 did	 not	 worsen	 the	
survival	 outcomes	 compared	 to	 3DCRT.	 Our	 study	
showed	 that	 the	 2-	year,	 3-	year,	 and	 5-	year	 OS	 rates	 in	
IMRT	and	3DCRT	groups	were	76.8%,	75.0%,	and	58.3%	
and	81.3%,	73.7%,	and	66.1%,	respectively.	These	survival	
rates	were	similar	even	higher	to	the	long-	term	follow-	up	
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results	 of	 a	 multi-	institutional	 phase	 2  study29	 by	 Kato	
et	al.,	in	which	the	5-	year	OS	rate	was	55.1%.	There	was	
no	statistically	significant	difference	in	survival	analysis	
between	IMRT	and	3DCRT	groups	in	our	study,	which	is	
the	same	as	several	prospective	randomized	studies24,26,29	
or	meta-	analysis.25

Based	on	the	concept	of	ITV	proposed	in	ICRU62,30	a	
large	 amount	 of	 studies11,12,15,17-	22  mainly	 concentrated	
on	 organ	 motion	 or	 contouring	 margins	 using	 the	 ITV	
delineation	 method.	 However,	 to	 our	 knowledge,	 there	
is	no	study	comparing	the	prognostic	difference	between	
the	ITV	group	and	the	N-	ITV	group	in	single	radiotherapy	
techniques	such	as	IMRT	and	3DCRT.	After	considering,	
but	not	 limited	 to	 the	effects	of	different	 radiation	 tech-
niques,	our	study	showed	that	the	implementation	of	ITV	
was	 an	 independent	 favorable	 prognostic	 factor	 for	 OS	
and	PFS.	It	is	worthy	to	mention	that	in	one	recent	study18	
by	 Niyoteka	 et	 al,	 they	 found	 that	 it	 was	 not	 enough	 to	
ensure	adequate	dose	coverage	in	the	high-	risk	CTV	even	
though	using	the	ITV	concept.	There	is	no	doubt	that	not	
only	the	ITV	delineation	method,	but	the	bladder	volume	
also	played	an	important	role	in	the	treatment	of	cervical	
cancer.	 CBCT	 motoring	 and	 online	 adaptive	 radiothera-
py19,31-	35	are	recommended	among	in	cervical	cancer.

Although	several	studies	showed	IMRT	was	useful	 to	
decrease	the	gastrointestinal	toxicity4,5,24-	26,36	and	genito-
urinary	 toxicity,5,25	 our	 study	 showed	 that	 the	 different	
incidence	of	gastrointestinal	toxicity	in	IMRT	and	3DCRT	
groups	was	not	statistically	significant.	Only	two	patients	
in	ITV	group	had	grade	≥3	non-	infectious	cystitis.	Acute	
gastrointestinal	toxicity	and	genitourinary	system	toxicity	
in	 this	study	were	based	on	patient	medical	records	and	
nursing	records.	And	we	did	not	collect	late	toxicity.

In	terms	of	acute	HT	between	IMRT	and	3DCRT,	dif-
ferent	 studies	 had	 different	 results.	 A	 randomized	 pro-
spective	study	by	Naik	et	al.37	and	a	national	multicenter	
study	 by	 Erpolat	 et	 al.38	 both	 showed	 that	 there	 was	 no	

significant	difference	 in	HT	between	 IMRT	and	3DCRT.	
Mell	et	al	considered	that	IMRT	reduced	acute	HT	com-
pared	 to	 3DCRT.	 The	 incidence	 of	 grade	 ≥3	 HT	 in	 the	
Mell	 et	 al's	 study39	 was	 38.6%.	 According	 to	 laboratory	
test	results,	our	study	showed	that	the	incidence	of	acute	
grade	≥3	HT	in	IMRT	and	3DCRT	groups	was	37.6%	and	
22.8%,	 respectively.	 It	 was	 similar	 even	 lower	 than	 sev-
eral	 studies.5,39,40	 However,	 our	 study	 showed	 that	 the	
incidence	of	acute	grade	≥3	HT	in	N-	ITV + IMRT	group	
(46.2%)	was	higher	than	ITV + IMRT	group	(22.0%)	and	
N-	ITV + 3DCRT	group	(22.6%).

The	study41	by	Albuquerque	et	al.	discovered	the	cor-
relation	between	bone	marrow	volume	and	HT,	and	the	
study42	by	Brixey	et	al.	discovered	that	whole	pelvic	radia-
tion	had	an	impact	on	acute	HT.	Therefore,	we	performed	
a	dose–	volume	analysis	after	PSM.	Considering	the	blad-
der	 volume	 could	 also	 have	 an	 effect	 on	 dose–	volume	
parameters	 of	 organs	 at	 risk,	 we	 compared	 the	 bladder	
volume	at	planning.	The	difference	in	bladder	volumes	in		
N-	ITV + IMRT	(199.92 cc)	and	N-	ITV + 3DCRT	(139.73 cc)	
groups	was	not	 statistically	 significant	 (p ≥  0.05).	But	a	
low-	dose	 relative	 volume	 (V10,	V20,	 and	V30)	 of	 pelvic	
bone	marrow	in	N-	ITV + IMRT	group	was	higher	 than	
N-	ITV  +  3DCRT	 group	 (p  <  0.05).	 As	 shown	 in	 Rose	
et	 al's	 research43	 and	 Chang	 et	 al's	 research,40	 the	 low-	
dose	relative	volume	of	pelvic	bone	marrow	was	valuable	
in	predicting	HT.	In	addition,	the	combination	of	the	im-
plication	of	ITV	and	the	large	bladder	suggested	a	lower	
low-	dose	volume	of	pelvic	bone	marrow	(ITV + IMRT	vs.	
N-	ITV + IMRT,	p < 0.05).

Among	previous	studies,4,44	IMRT	decreased	high-	dose	
volume	of	organ	at	risk.	Our	study	also	suggested	that	the	
IMRT	was	associated	with	decreasing	the	high-	dose	rela-
tive	volume	(V30,	V40,	and	V45)	of	the	small	bowel	apace	
and	the	bowel	space	(N-	ITV + IMRT	vs.	N-	ITV + 3DCRT,	
p < 0.05),	and	IMRT	was	associated	with	decreasing	the	
high-	dose	 relative	 volume	 (V30,	 V40,	 and	 V45)	 of	 the	

T A B L E  3 	 Acute	toxicities	of	four	radiation	plan	type	groups	(n = 477)

Grade

Radiation plan type (%)

Total (%) p valueN- ITV + IMRT ITV + IMRT N- ITV + 3DCRT ITV + 3DCRT

≥3 leukopenia 29	(38.2) 9	(22) 65	(19.9) 8	(24.2) 111	(23.3) 0.009

≥3	thrombocytopenia 8	(10.5) 0	(0) 9	(2.8) 1	(3) 18	(3.8) 0.007

≥3	neutropenia 27	(35.5) 7	(17.1) 45	(13.8) 6	(18.2) 85	(17.8) 0.000

Total	≥3 myelosuppression 35	(46.1) 9	(22) 74	(22.6) 8	(24.2) 126	(26.4) 0.000

≥3	vomiting 2	(2.6) 2	(4.9) 4	(1.2) 0	(0) 8	(1.7) 0.268

≥3	diarrhea 10	(13.2) 6	(14.6) 27	(8.3) 0	(0) 43	(9) 0.083

≥3	non-	infectious	cystitis 0	(0) 1	(2.4) 0	(0) 0	(0) 1	(0.2) 0.014

Note: Bold:	Statistically	significant	p	value.
Abbreviations:	3DCRT,	three-	dimensional	conformal	radiotherapy;	HT,	hematological	toxicity;	IMRT,	intensity-	modulated	radiotherapy;	ITV,	internal	target	
volume;	N-	ITV,	non-	internal	target	volume.
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Variables

Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Tumor	size	(cm)a

>4 0.95	(0.62,	1.47) 0.831 0.95	(0.78,	1.15) 0.577

Unknown 1.09	(0.49,	2.44) 0.827

≤4 1 0.934

HDRB	(fractions)a

≤4 0.87	(0.57,	1.33) 0.530 0.95	(0.69,	1.31) 0.743

>4 1

PLN

Positive 1.66	(1.08,	2.55) 0.021 1.06	(0.63,	1.81) 0.818

Negative 1 1

FIGO	stage

I 0.62	(0.25,	1.54) 0.303 0.69	(0.26,	1.82) 0.452

III 1.83	(1.17,	2.85) 0.008 1.30	(0.79,	2.17) 0.306

Iva 0.36	(0.04,	2.85) 0.330 0.18	(0.02,	1.78) 0.144

II 1 0.013 1

Radiation	plan	type

ITV + 3DCRT 0.38	(0.15,	0.94) 0.036 0.50	(0.16,	1.56) 0.233

ITV + IMRT 0.33	(0.14,	0.78) 0.012 0.35	(0.12,	1.01) 0.052

N-	ITV + 3DCRT 0.34	(0.20,	0.58) 0.000 0.45	(0.24,	0.82) 0.009

N-	ITV + IMRT 1 0.001 1

Chemotherapy	regimens

DDP 2.00	(1.10,	3.65) 0.024 1.97	(0.92,	4.21) 0.082

DDP + 5FU 3.71	(1.69,	8.17) 0.001 5.12	(2.18,	12.04) 0.000

DDP + Tegafur 1.98	(1.11,	3.53) 0.021 2.05	(1.07,	3.89) 0.029

Nedaplatin 1.82	(0.70,	4.76) 0.222 1.67	(0.60,	4.60) 0.325

Others 7.28	(2.91,	
18.22)

0.000 6.66	(2.28,	19.44) 0.001

DDP + PTX 1 0.000 1

Chemotherapy	cycles	
(%)

>80b 0.48	(0.29,	0.79) 0.004 0.30	(0.16,	0.54) 0.000

≤80 1 1

EQD2	(Gy)a

>85 1.59	(1.03,	2.45) 0.038 1.02	(0.94,	1.12) 0.606

≤85 1

Treatment	time	(days)a

>56 1.64	(1.09,	2.47) 0.018 1.02	(1.00,	1.04) 0.057

≤56 1

Note: Bold:	Statistically	significant	p	value.
Abbreviations:	3DCRT,	three-	dimensional	conformal	radiotherapy;	5-	FU,	5-	fluorouracil;	CI,	confidence	
interval;	cisplatin,	DDP;	FIGO,	International	Federation	of	Gynecology	and	Obstetrics;	HDRB,	high-	dose	
rate	brachytherapy;	HR,	hazard	ratio;	IMRT,	intensity-	modulated	radiotherapy;	ITV,	internal	target	
volume;	N-	ITV,	non-	internal	target	volume;	PLN,	pelvic	lymph	node;	PTXL,	paclitaxel	liposome.
aWhen	performing	univariate	analysis,	continuous	variables	are	compared	by	groups;	when	performing	
multivariate	analysis,	the	original	values	of	continuous	variables	are	included.
bFor	weekly	regimens	>80%	should	receive	five	cycles;	for	triweekly	regimens	>80%	should	receive	two	
cycles.

T A B L E  4 	 Results	of	univariate	and	
multivariate	binary	logistic	regression	for	
grade	≥3	HT	(n = 477)
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bladder	(ITV + IMRT	vs.	ITV + 3DCRT,	p < 0.05).	These	
bowel	 and	 bladderdose–	volume	 differences	 were	 not	
translated	 in	 gastrointestinal	 toxicity	 and	 genitourinary	
toxicity	in	this	study.	Further	study	is	needed	to	discover	
the	potential	impact	factor.

Regarding	chemotherapy,	nedaplatin	was	an	indepen-
dent	prognostic	 factor	 for	OS.	However,	Li	et	al.	did	not	
support	the	use	of	nedaplatin	in	place	of	DDP	in	the	treat-
ment	of	patients	who	received	CCRT.45	DDP + 5FU	and	
DDP  +  tegafur	 regimens	 had	 a	 higher	 incidence	 of	 HT	
than	DDP + PTX	in	our	study.	Patients	who	experienced	
HT	during	chemotherapy	were	likely	to	receive	less	che-
motherapy,	which	might	explain	why	a	higher	chemother-
apy	completion	rate	was	associated	with	a	lower	incidence	
of	HT.	Prospective	research	is	also	needed	to	further	eval-
uate	the	impacts	of	different	chemotherapy	approaches.

Patients	 who	 received	 >4	 HDRB	 fractions	 had	 worse	
OS	and	PFS	in	univariate	analysis.	Patients	with	residual	
tumors	 after	 four	 fractions	 of	 HDRB	 had	 poorer	 prog-
noses.	 This	 could	 be	 explained	 by	 the	 following	 three	
reasons.	First,	their	tumor	volume	was	large	before	treat-
ment.	Second,	the	tumor	itself	was	relatively	less	sensitive	
to	 radiation	 therapy	 and	 chemotherapy.	 Third,	 >4	 frac-
tions	of	HDRB	might	be	associated	with	a	longer	overall	
treatment	time.	Survival	might	also	have	been	influenced	
by	other	factors.	In	multivariate	analysis,	HDRB	was	not	
an	independent	influencing	factor	for	survival.

It	does	have	the	limitations	of	a	retrospective	study,	in-
cluding	variability	 in	the	patient	population	and	the	dif-
fering	sizes	of	the	four	treatment	groups	evaluated.	Like	
any	 retrospective	 study,	 selection	 bias	 may	 be	 unavoid-
able.	Another	limitation	is	that	we	cannot	neglect	the	dif-
ference	in	bladder	volume	to	discuss	the	role	of	ITV	in	our	
research.	In	Yaparpal	et	al's	research,46	they	thought	that	
full	bladder	planning	was	not	necessary.	Eminowi	et	al.47	
directly	recommended	bladder	volumes	of	150–	300 cc	at	
planning,	 which	 were	 similar	 to	 that	 of	 N-	ITV	 group	 in	
our	study.	Whatever,	the	monitoring	and	control	of	blad-
der	volume	are	worthy	to	be	studied	at	planning	and	daily	
treatment.	Further	research	is	needed	to	evaluate	the	clin-
ical	significance	of	IMRT	techniques	and	ITV	delineation	
methods.

5 	 | 	 CONCLUSIONS

The	 implementation	of	 the	ITV	delineation	method	was	
an	 independent	 favorable	 prognostic	 factor	 for	 OS	 and	
PFS	in	cervical	cancer	patients	receiving	CCRT.	The	ITV	
delineation	method	should	be	used	in	combination	with	
IMRT	to	decrease	the	pelvic	bone	marrow	relative	V5–	30	
and	thus	decrease	the	incidence	of	grade	≥3	HT.	Without	
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ITV,	 IMRT	 may	 be	 a	 worse	 choice	 than	 3DCRT	 in	 the	
treatment	of	cervical	cancer.

REVIEW BOARD/COMMITTEE APPROVAL
This	study	was	approved	by	the	Regional	Ethics	Committee	
of	our	hospital.

ACKNOWLEDGMENTS
The	authors	thank	all	participating	departments	and	staff.

CONFLICT OF INTEREST
No	potential	conflict	of	interest	relevant	to	this	article	was	
reported.

AUTHOR CONTRIBUTION
Liang-	Xi	 Xie,	 Tian-	Tian	 Zhai,	 and	 Elizabeth	 A.	 Kidd	
designed	and	supervised	the	study.	Yu-	Qin	Liang,	Sen-	
Quan	Feng,	Wen-	Jia	Xie,	and	Qiong-	Zhi	Jiang	acquired	
the	 data.	 Yu-	Qin	 Liang,	 Yan-	Fen	 Yang,	 and	 Ren	 Luo	
conducted	 the	 analyses.	 Yu-	Qin	 Liang	 wrote	 the	 full	
draft	 of	 the	 article.	 All	 authors	 validated	 the	 analysis	
and	 study	 results	 and	 revised	 the	 article	 critically.	 All	
authors	were	responsible	 for	 the	 interpretation	of	data	
and	writing	the	report.	All	authors	have	final	approval	
of	the	version	to	be	submitted.

DATA AVAILABILITY STATEMENT
Research	data	are	stored	in	an	institutional	repository	and	
will	be	shared	upon	request	to	the	corresponding	author.

ORCID
Elizabeth A. Kidd  	https://orcid.org/0000-0003-4749-4098	
Liang- Xi Xie  	https://orcid.org/0000-0001-6966-6343	

REFERENCES
	 1.	 Bray	F,	Ferlay	J,	Soerjomataram	I,	Siegel	RL,	Torre	LA,	Jemal	

A.	Global	cancer	statistics	2018:	GLOBOCAN	estimates	of	inci-
dence	and	mortality	worldwide	for	36	cancers	in	185	countries.	
CA Cancer J Clin.	2018;68(6):394-	424.	doi:10.3322/caac.21492

	 2.	 Koh	 WJ,	 Abu-	Rustum	 NR,	 Bean	 S,	 et	 al.	 Cervical	 cancer,	
version	 3.2019,	 NCCN	 clinical	 practice	 guidelines	 in	 oncol-
ogy.	 J Natl Compr Canc Netw.	 2019;17(1):64-	84.	 doi:10.6004/
jnccn.2019.0001

	 3.	 Wang	 W,	 Zhang	 F,	 Hu	 K,	 Hou	 X.	 Image-	guided,	 intensity-	
modulated	radiation	therapy	in	definitive	radiotherapy	for	1433	
patients	with	cervical	cancer.	Gynecol Oncol.	2018;151(3):444-	
448.	doi:10.1016/j.ygyno.2018.09.024

	 4.	 Isohashi	 F,	 Mabuchi	 S,	Yoshioka	Y,	 et	 al.	 Intensity-	modulated	
radiation	therapy	versus	three-	dimensional	conformal	radiation	
therapy	with	concurrent	nedaplatin-	based	chemotherapy	after	
radical	hysterectomy	for	uterine	cervical	cancer:	comparison	of	
outcomes,	complications,	and	dose-	volume	histogram	parame-
ters.	Radiat Oncol.	2015;10:180.	doi:10.1186/s1301	4-	015-	0486-	5

	 5.	 Chen	 LA,	 Kim	 J,	 Boucher	 K,	 et	 al.	 Toxicity	 and	 cost-	
effectiveness	analysis	of	intensity	modulated	radiation	therapy	

versus	 3-	dimensional	 conformal	 radiation	 therapy	 for	 post-
operative	 treatment	 of	 gynecologic	 cancers.	 Gynecol Oncol.	
2015;136(3):521-	528.	doi:10.1016/j.ygyno.2014.12.039

	 6.	 Chen	C-	C,	Lin	J-	C,	Jan	J-	S,	Ho	S-	C,	Wang	L.	Definitive	intensity-	
modulated	 radiation	 therapy	 with	 concurrent	 chemotherapy	
for	 patients	 with	 locally	 advanced	 cervical	 cancer.	 Gynecol 
Oncol.	2011;122(1):9-	13.	doi:10.1016/j.ygyno.2011.03.034

	 7.	 Klopp	AH,	Yeung	AR,	Deshmukh	S,	et	al.	Patient-	reported	tox-
icity	during	pelvic	intensity-	modulated	radiation	therapy:	NRG	
oncology-	RTOG	 1203.	 J Clin Oncol.	 2018;36(24):2538-	2544.	
doi:10.1200/JCO.2017.77.4273

	 8.	 Huh	 SJ,	 Park	 W,	 Han	 Y.	 Interfractional	 variation	 in	 posi-
tion	 of	 the	 uterus	 during	 radical	 radiotherapy	 for	 cervical	
cancer.	 Radiother Oncol.	 2004;71(1):73-	79.	 doi:10.1016/j.
radonc.2004.01.005

	 9.	 Heijkoop	ST,	Langerak	TR,	Quint	S,	et	al.	Quantification	of	intra-	
fraction	changes	during	radiotherapy	of	cervical	cancer	assessed	
with	 pre-		 and	 post-	fraction	 cone	 beam	 CT	 scans.	 Radiother 
Oncol.	2015;117(3):536-	541.	doi:10.1016/j.radonc.2015.08.034

	10.	 Lim	K,	Small	W	Jr,	Portelance	L,	et	al.	Consensus	guidelines	for	
delineation	 of	 clinical	 target	 volume	 for	 intensity-	modulated	
pelvic	radiotherapy	for	the	definitive	treatment	of	cervix	cancer.	
Int J Radiat Oncol Biol Phys.	2011;79(2):348-	355.	doi:10.1016/j.
ijrobp.2009.10.075

	11.	 Mahantshetty	UM,	Yathiraj	P,	Nachankar	A,	et	al.	A	prospec-
tive	 study	 to	 generate	 CTV	 to	 ITV	 margins	 using	 cone	 beam	
verification	 CT	 for	 pelvic	 IMRT	 in	 locally-	advanced	 cervical	
cancers.	 Int J Radiat Oncol Biol Phys.	 2013;87(2):S716-	S717.	
doi:10.1016/j.ijrobp.2013.06.1897

	12.	 Mahantshetty	 UM,	 Nachankar	 A,	 Ghadi	 Y,	 et	 al.	 A	 study	 to	
evaluate	CTV	to	PTV	margins	for	pelvic	nodal	region	and	CTV	
to	ITV	margins	for	utero-	cervical	complex	during	cervical	can-
cer	radiation	therapy.	Int J Radiat Oncol Biol Phys.	2014;90(1).	
doi:10.1016/j.ijrobp.2014.05.709

	13.	 Beadle	 BM,	 Jhingran	 A,	 Salehpour	 M,	 Sam	 M,	 Iyer	 RB,	 Eifel	
PJ.	 Cervix	 regression	 and	 motion	 during	 the	 course	 of	 exter-
nal	beam	chemoradiation	for	cervical	cancer.	Int J Radiat Oncol 
Biol Phys.	2009;73(1):235-	241.	doi:10.1016/j.ijrobp.2008.03.064

	14.	 Lim	KSH,	Kelly	V,	Stewart	J,	et	al.	Whole	pelvis	IMRT	for	cervix	
cancer:	what	gets	missed	&	why?	Int J Radiat Oncol Biol Phys.	
2008;72(1).	doi:10.1016/j.ijrobp.2008.06.1020

	15.	 Seppenwoolde	 Y,	 Stock	 M,	 Buschmann	 M,	 et	 al.	 Impact	 of	
organ	 shape	 variations	 on	 margin	 concepts	 for	 cervix	 cancer	
ART.	 Radiother Oncol.	 2016;120(3):526-	531.	 doi:10.1016/j.
radonc.2016.08.004

	16.	 Jadon	R,	Pembroke	CA,	Hanna	CL,	et	al.	A	systematic	review	
of	organ	motion	and	image-	guided	strategies	in	external	beam	
radiotherapy	 for	 cervical	 cancer.	 Clin Oncol (R Coll Radiol).	
2014;26(4):185-	196.	doi:10.1016/j.clon.2013.11.031

	17.	 Schippers	 MG,	 Bol	 GH,	 de	 Leeuw	 AA,	 et	 al.	 Position	 shifts	
and	 volume	 changes	 of	 pelvic	 and	 para-	aortic	 nodes	 during	
IMRT	 for	 patients	 with	 cervical	 cancer.	 Radiother Oncol.	
2014;111(3):442-	445.	doi:10.1016/j.radonc.2014.05.013

	18.	 Niyoteka	S,	Berger	T,	Fokdal	LU,	et	al.	Impact	of	interfractional	
target	 motion	 in	 locally	 advanced	 cervical	 cancer	 patients	
treated	 with	 spot	 scanning	 proton	 therapy	 using	 an	 internal	
target	volume	strategy.	Phys Imaging Radiat Oncol.	2021;17:84-	
90.	doi:10.1016/j.phro.2021.01.010

	19.	 Heijkoop	ST,	Langerak	TR,	Quint	S,	et	al.	Clinical	implementa-
tion	of	an	online	adaptive	plan-	of-	the-	day	protocol	for	nonrigid	

https://orcid.org/0000-0003-4749-4098
https://orcid.org/0000-0003-4749-4098
https://orcid.org/0000-0001-6966-6343
https://orcid.org/0000-0001-6966-6343
https://doi.org/10.3322/caac.21492
https://doi.org/10.6004/jnccn.2019.0001
https://doi.org/10.6004/jnccn.2019.0001
https://doi.org/10.1016/j.ygyno.2018.09.024
https://doi.org/10.1186/s13014-015-0486-5
https://doi.org/10.1016/j.ygyno.2014.12.039
https://doi.org/10.1016/j.ygyno.2011.03.034
https://doi.org/10.1200/JCO.2017.77.4273
https://doi.org/10.1016/j.radonc.2004.01.005
https://doi.org/10.1016/j.radonc.2004.01.005
https://doi.org/10.1016/j.radonc.2015.08.034
https://doi.org/10.1016/j.ijrobp.2009.10.075
https://doi.org/10.1016/j.ijrobp.2009.10.075
https://doi.org/10.1016/j.ijrobp.2013.06.1897
https://doi.org/10.1016/j.ijrobp.2014.05.709
https://doi.org/10.1016/j.ijrobp.2008.03.064
https://doi.org/10.1016/j.ijrobp.2008.06.1020
https://doi.org/10.1016/j.radonc.2016.08.004
https://doi.org/10.1016/j.radonc.2016.08.004
https://doi.org/10.1016/j.clon.2013.11.031
https://doi.org/10.1016/j.radonc.2014.05.013
https://doi.org/10.1016/j.phro.2021.01.010


164 |   LIANG et al.

motion	management	in	locally	advanced	cervical	cancer	IMRT.	
Int J Radiat Oncol Biol Phys.	2014;90(3):673-	679.	doi:10.1016/j.
ijrobp.2014.06.046

	20.	 Berger	T,	 Petersen	 JBB,	 Lindegaard	 JC,	 Fokdal	 LU,	Tanderup	
K.	 Impact	 of	 bowel	 gas	 and	 body	 outline	 variations	 on	 total	
accumulated	 dose	 with	 intensity-	modulated	 proton	 ther-
apy	 in	 locally	 advanced	 cervical	 cancer	 patients.	 Acta Oncol.	
2017;56(11):1472-	1478.	doi:10.1080/02841	86X.2017.1376753

	21.	 Upasani	 MN,	 Chopra	 S,	 Engineer	 R,	 et	 al.	 Internal	 target	
volume	 for	 post-	hysterectomy	 vaginal	 recurrences	 of	 cervi-
cal	 cancers	 during	 image-	guided	 radiotherapy.	 Br J Radiol.	
2015;88(1054):20140783.	doi:10.1259/bjr.20140783

	22.	 Duke	SL,	Tan	LT,	Jensen	NBK,	et	al.	Implementing	an	online	
radiotherapy	 quality	 assurance	 programme	 with	 supporting	
continuous	medical	education	-		report	from	the	EMBRACE-	II	
evaluation	of	cervix	cancer	IMRT	contouring.	Radiother Oncol.	
2020;147:22-	29.	doi:10.1016/j.radonc.2020.02.017

	23.	 Gay	 HA,	 Barthold	 HJ,	 O’Meara	 E,	 et	 al.	 Pelvic	 normal	 tissue	
contouring	guidelines	for	radiation	therapy:	a	radiation	therapy	
oncology	group	consensus	panel	atlas.	Int J Radiat Oncol Biol 
Phys.	2012;83(3):e353-	e362.	doi:10.1016/j.ijrobp.2012.01.023

	24.	 Yu	 C,	 Zhu	 W,	 Ji	 Y,	 et	 al.	 A	 comparative	 study	 of	 intensity-	
modulated	radiotherapy	and	standard	radiation	field	with	con-
current	chemotherapy	for	 local	advanced	cervical	cancer.	Eur 
J Gynaecol Oncol.	 2015;36(3):278-	282.	 https://www.ncbi.nlm.
nih.gov/pubme	d/26189253

	25.	 Lin	 Y,	 Chen	 K,	 Lu	 Z,	 et	 al.	 Intensity-	modulated	 radiation	
therapy	 for	 definitive	 treatment	 of	 cervical	 cancer:	 a	 meta-	
analysis.	 Radiat Oncol.	 2018;13(1):177.	 doi:10.1186/s1301	
4-	018-	1126-	7

	26.	 Gandhi	 AK,	 Sharma	 DN,	 Rath	 GK,	 et	 al.	 Early	 clinical	 out-
comes	and	toxicity	of	intensity	modulated	versus	conventional	
pelvic	radiation	therapy	for	locally	advanced	cervix	carcinoma:	
a	prospective	randomized	study.	 Int J Radiat Oncol Biol Phys.	
2013;87(3):542-	548.	doi:10.1016/j.ijrobp.2013.06.2059

	27.	 Duman	 E,	 Inal	 A,	 Sengul	 A,	 Koca	T,	 Cecen	Y,	Yavuz	 MN.	
Dosimetric	 comparison	 of	 different	 treatment	 planning	
techniques	 with	 International	 Commission	 on	 Radiation	
Units	 and	 Measurements	 Report-	83	 recommendations	 in	
adjuvant	 pelvic	 radiotherapy	 of	 gynecological	 malignan-
cies.	J Cancer Res Ther.	2016;12(2):975-	980.	doi:10.4103/097
3-	1482.179189

	28.	 van	 de	 Bunt	 L,	 van	 der	 Heide	 UA,	 Ketelaars	 M,	 de	 Kort	 GA,	
Jurgenliemk-	Schulz	 IM.	 Conventional,	 conformal,	 and	
intensity-	modulated	 radiation	 therapy	 treatment	 planning	 of	
external	beam	radiotherapy	for	cervical	cancer:	 the	 impact	of	
tumor	regression.	Int J Radiat Oncol Biol Phys.	2006;64(1):189-	
196.	doi:10.1016/j.ijrobp.2005.04.025

	29.	 Kato	 S,	 Ohno	 T,	 Thephamongkhol	 K,	 et	 al.	 Long-	term	 fol-
low-	up	 results	 of	 a	 multi-	institutional	 phase	 2	 study	 of	 con-
current	 chemoradiation	 therapy	 for	 locally	 advanced	 cervical	
cancer	in	east	and	southeast	Asia.	Int J Radiat Oncol Biol Phys.	
2013;87(1):100-	105.	doi:10.1016/j.ijrobp.2013.04.053

	30.	 Muren	LP,	Karlsdottir	A,	Kvinnsland	Y,	Wentzel-	Larsen	T,	Dahl	
O.	Testing	the	new	ICRU	62	‘Planning	Organ	at	Risk	Volume’	
concept	 for	 the	 rectum.	 Radiother Oncol.	 2005;75(3):293-	302.	
doi:10.1016/j.radonc.2005.03.007

	31.	 Lim	K,	Stewart	J,	Kelly	V,	et	al.	Dosimetrically	triggered	adaptive	in-
tensity	modulated	radiation	therapy	for	cervical	cancer.	Int J Radiat 
Oncol Biol Phys.	2014;90(1):147-	154.	doi:10.1016/j.ijrobp.2014.05.039

	32.	 Bondar	 ML,	 Hoogeman	 MS,	 Mens	 JW,	 et	 al.	 Individualized	
nonadaptive	 and	 online-	adaptive	 intensity-	modulated	 radio-
therapy	treatment	strategies	for	cervical	cancer	patients	based	
on	pretreatment	acquired	variable	bladder	filling	computed	to-
mography	scans.	Int J Radiat Oncol Biol Phys.	2012;83(5):1617-	
1623.	doi:10.1016/j.ijrobp.2011.10.011

	33.	 van	de	Schoot	A,	de	Boer	P,	Visser	J,	Stalpers	LJA,	Rasch	CRN,	
Bel	A.	Dosimetric	advantages	of	a	clinical	daily	adaptive	plan	
selection	 strategy	 compared	 with	 a	 non-	adaptive	 strategy	 in	
cervical	 cancer	 radiation	 therapy.	 Acta Oncol.	 2017;56(5):667-	
674.	doi:10.1080/02841	86X.2017.1287949

	34.	 Rigaud	 B,	 Simon	 A,	 Gobeli	 M,	 et	 al.	 OC-	0352:	 CBCT-	guided	
evolutive	 library	 for	 cervix	 adaptive	 IMRT.	 Radiother Oncol.	
2017;123:S186-	S187.	doi:10.1016/s0167	-	8140(17)30794	-	6

	35.	 Chan	 P,	 Dinniwell	 R,	 Haider	 MA,	 et	 al.	 Inter-		 and	 intrafrac-
tional	 tumor	 and	 organ	 movement	 in	 patients	 with	 cervical	
cancer	 undergoing	 radiotherapy:	 a	 cinematic-	MRI	 point-	of-	
interest	 study.	 Int J Radiat Oncol Biol Phys.	 2008;70(5):1507-	
1515.	doi:10.1016/j.ijrobp.2007.08.055

	36.	 Gourd	 E.	 Pelvic	 IMRT	 reduces	 toxicity	 vs	 standard	 radio-
therapy.	 Lancet Oncol.	 2018;19(8):e393.	 doi:10.1016/S1470	
-	2045(18)30540	-	0

	37.	 Naik	 A,	 Gurjar	 OP,	 Gupta	 KL,	 Singh	 K,	 Nag	 P,	 Bhandari	 V.	
Comparison	 of	 dosimetric	 parameters	 and	 acute	 toxicity	 of	
intensity-	modulated	and	three-	dimensional	radiotherapy	in	patients	
with	 cervix	 carcinoma:	 a	 randomized	 prospective	 study.	 Cancer/
Radiothérapie.	2016;20(5):370-	376.	doi:10.1016/j.canrad.2016.05.011

	38.	 Erpolat	OP,	Alco	G,	Caglar	HB,	et	al.	Comparison	of	hemato-
logic	 toxicity	between	3DCRT	and	IMRT	planning	 in	cervical	
cancer	patients	after	concurrent	chemoradiotherapy:	a	national	
multi-	center	 study.	 Eur J Gynaecol Oncol.	 2014;35(1):62-	66.	
doi:10.12892/	ejgo2	3912014

	39.	 Mell	LK,	Sirak	I,	Wei	L,	et	al.	Bone	marrow-	sparing	 intensity	
modulated	radiation	therapy	with	concurrent	cisplatin	for	stage	
IB-	IVA	 cervical	 cancer:	 an	 international	 multicenter	 phase	 II	
clinical	 trial	 (INTERTECC-	2).	 Int J Radiat Oncol Biol Phys.	
2017;97(3):536-	545.	doi:10.1016/j.ijrobp.2016.11.027

	40.	 Chang	 Y,	 Yang	 ZY,	 Li	 GL,	 et	 al.	 Correlations	 between	 radi-
ation	 dose	 in	 bone	 marrow	 and	 hematological	 toxicity	 in	 pa-
tients	 with	 cervical	 cancer:	 a	 comparison	 of	 3DCRT,	 IMRT,	
and	 RapidARC.	 Int J Gynecol Cancer.	 2016;26(4):770-	776.	
doi:10.1097/IGC.00000	00000	000660

	41.	 Albuquerque	 K,	 Giangreco	 D,	 Morrison	 C,	 et	 al.	 Radiation-	
related	 predictors	 of	 hematologic	 toxicity	 after	 concurrent	
chemoradiation	 for	cervical	cancer	and	 implications	 for	bone	
marrow-	sparing	 pelvic	 IMRT.	 Int J Radiat Oncol Biol Phys.	
2011;79(4):1043-	1047.	doi:10.1016/j.ijrobp.2009.12.025

	42.	 Brixey	 CJ,	 Roeske	 JC,	 Lujan	 AE,	 Yamada	 SD,	 Rotmensch	 J,	
Mundt	 AJ.	 Impact	 of	 intensity-	modulated	 radiotherapy	 on	
acute	hematologic	toxicity	in	women	with	gynecologic	malig-
nancies.	 Int J Radiat Oncol Biol Phys.	 2002;54(5):1388-	1396.	
doi:10.1016/s0360	-	3016(02)03801	-	4

	43.	 Rose	 BS,	 Aydogan	 B,	 Liang	Y,	 et	 al.	 Normal	 tissue	 complica-
tion	 probability	 modeling	 of	 acute	 hematologic	 toxicity	 in	
cervical	 cancer	 patients	 treated	 with	 chemoradiotherapy.	 Int 
J Radiat Oncol Biol Phys.	 2011;79(3):800-	807.	 doi:10.1016/j.
ijrobp.2009.11.010

	44.	 Portelance	 L,	 Chao	 KS,	 Grigsby	 PW,	 Bennet	 H,	 Low	 D.	
Intensity-	modulated	 radiation	 therapy	 (IMRT)	 reduces	 small	
bowel,	 rectum,	 and	 bladder	 doses	 in	 patients	 with	 cervical	

https://doi.org/10.1016/j.ijrobp.2014.06.046
https://doi.org/10.1016/j.ijrobp.2014.06.046
https://doi.org/10.1080/0284186X.2017.1376753
https://doi.org/10.1259/bjr.20140783
https://doi.org/10.1016/j.radonc.2020.02.017
https://doi.org/10.1016/j.ijrobp.2012.01.023
https://www.ncbi.nlm.nih.gov/pubmed/26189253
https://www.ncbi.nlm.nih.gov/pubmed/26189253
https://doi.org/10.1186/s13014-018-1126-7
https://doi.org/10.1186/s13014-018-1126-7
https://doi.org/10.1016/j.ijrobp.2013.06.2059
https://doi.org/10.4103/0973-1482.179189
https://doi.org/10.4103/0973-1482.179189
https://doi.org/10.1016/j.ijrobp.2005.04.025
https://doi.org/10.1016/j.ijrobp.2013.04.053
https://doi.org/10.1016/j.radonc.2005.03.007
https://doi.org/10.1016/j.ijrobp.2014.05.039
https://doi.org/10.1016/j.ijrobp.2011.10.011
https://doi.org/10.1080/0284186X.2017.1287949
https://doi.org/10.1016/s0167-8140(17)30794-6
https://doi.org/10.1016/j.ijrobp.2007.08.055
https://doi.org/10.1016/S1470-2045(18)30540-0
https://doi.org/10.1016/S1470-2045(18)30540-0
https://doi.org/10.1016/j.canrad.2016.05.011
https://doi.org/10.12892/ejgo23912014
https://doi.org/10.1016/j.ijrobp.2016.11.027
https://doi.org/10.1097/IGC.0000000000000660
https://doi.org/10.1016/j.ijrobp.2009.12.025
https://doi.org/10.1016/s0360-3016(02)03801-4
https://doi.org/10.1016/j.ijrobp.2009.11.010
https://doi.org/10.1016/j.ijrobp.2009.11.010


   | 165LIANG et al.

cancer	receiving	pelvic	and	para-	aortic	irradiation.	Int J Radiat 
Oncol Biol Phys.	 2001;51(1):261-	266.	 doi:10.1016/s0360	
-	3016(01)01664	-	9

	45.	 Li	P,	Zhang	R,	Nie	Z,	Long	M,	Zhang	G,	Fu	Z.	Comparison	of	
nedaplatin-		 and	 cisplatin-	based	 concurrent	 chemoradiother-
apy	 in	 locally	advanced	cervical	cancer	patients:	a	propensity	
score	 analysis.	 Int J Gynecol Cancer.	 2018;28(5):1029-	1037.	
doi:10.1097/IGC.00000	00000	001265

	46.	 Yaparpalvi	 R,	 Mehta	 KJ,	 Bernstein	 MB,	 et	 al.	 Contouring	 and	
constraining	bowel	on	a	full-	bladder	computed	tomography	scan	
may	not	reflect	treatment	bowel	position	and	dose	certainty	in	
gynecologic	external	beam	radiation	therapy.	Int J Radiat Oncol 
Biol Phys.	2014;90(4):802-	808.	doi:10.1016/j.ijrobp.2014.07.016

	47.	 Eminowicz	 G,	 Rompokos	V,	 Stacey	 C,	 Hall	 L,	 McCormack	 M.	
Understanding	the	impact	of	pelvic	organ	motion	on	dose	deliv-
ered	to	target	volumes	during	IMRT	for	cervical	cancer.	Radiother 
Oncol.	2017;122(1):116-	121.	doi:10.1016/j.radonc.2016.10.018

SUPPORTING INFORMATION
Additional	 supporting	 information	 may	 be	 found	 in	 the	
online	version	of	the	article	at	the	publisher’s	website.

How to cite this article:	Liang	Y-	Q,	Feng	S-	Q,	Xie	
W-	J,	et	al.	Comparison	of	survival,	acute	toxicities,	
and	dose–	volume	parameters	between	intensity-	
modulated	radiotherapy	with	or	without	internal	
target	volume	delineation	method	and	three-	
dimensional	conformal	radiotherapy	in	cervical	
cancer	patients:	A	retrospective	and	propensity	
score-	matched	analysis.	Cancer Med.	2022;11:151–	
165.	doi:10.1002/cam4.4439

https://doi.org/10.1016/s0360-3016(01)01664-9
https://doi.org/10.1016/s0360-3016(01)01664-9
https://doi.org/10.1097/IGC.0000000000001265
https://doi.org/10.1016/j.ijrobp.2014.07.016
https://doi.org/10.1016/j.radonc.2016.10.018
https://doi.org/10.1002/cam4.4439

