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Abstract
Background:	Survival	of	patients	with	cT4	esophageal	cancer	is	dismal.	Although	the	
optimal	 treatment	 strategy	 remains	 to	 be	 established,	 two	 treatment	 options	 are	
available	for	cT4	esophageal	cancers:	definitive	chemoradiation	(dCRT)	and	induction	
treatment	followed	by	conversion	surgery	(CS).	However,	little	is	known	concerning	
the	 differences	 in	 clinical	 outcome	 between	 patients	 with	 T4	 esophageal	 tumors	
treated	with	dCRT	and	those	eventually	treated	with	CS.
Methods:	A	systematic	search	of	the	scientific	literature	on	PubMed/MEDLINE	was	
carried	out	using	the	keywords	“T4	esophageal	cancer,”	“invading	(involving)	adjacent	
organ,”	“definitive	chemoradiation,”	“induction	therapy,”	“salvage	surgery,”	and	“con-
version	surgery,”	obtaining	28	reports	published	up	to	July	2018.
Results/Conclusion:	We	found	that	CS	was	superior	to	dCRT	with	respect	to	local	
disease	control	and	short-	term	survival;	however,	CS	was	associated	with	relatively	
higher	 perioperative	 mortality	 and	morbidity.	 Alternatively,	 although	 dCRT	might	
often	cause	fistula	formation,	a	clinical	complete	response	to	dCRT	is	likely	to	lead	to	
a	better	prognosis.	Recent	advances	in	chemotherapeutic	agents	have	led	to	triple	
induction	chemotherapy,	with	docetaxel,	cisplatin,	and	5-	fluorouracil	 (DCF),	which	
has	 shown	 promise	 as	 an	 initial	 induction	 treatment	 for	 cT4	 esophageal	 cancer.	
Indeed,	 this	 regimen	could	control	both	 local	and	systemic	disease,	which	enables	
curative	resection	without	preoperative	CRT.	Moreover,	some	appropriate	changes	
in	perioperative	management	and	intensive	systemic	chemotherapy	might	enhance	
patient	outcome.	Randomized	controlled	trials	with	a	large	sample	size	are	needed	to	
establish	the	standard	treatment	for	cT4	esophageal	cancer.
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1  | INTRODUC TION

Esophageal	 cancers	 tend	 to	 invade	 adjacent	 organs,	 including	 the	
trachea,	bronchus,	lung,	and	aorta,	as	a	result	of	the	lack	of	serosa	
in	the	esophagus	and	the	fact	that	this	conduit	is	located	in	a	very	
narrow	 mediastinal	 space.1,2	 Tumors	 that	 invade	 adjacent	 organs	
are	 classified	 as	 T4,	 according	 to	 the	 TNM	 staging	 system	 of	 the	
International	Union	against	Cancer	(UICC).	Despite	recent	advances	
in	 multidisciplinary	 treatments,	 the	 prognosis	 of	 patients	 with	 T4	
esophageal	 cancer	 remains	 unsatisfactory.3	 Although	 esophageal	
cancer	is	associated	with	a	high	incidence	of	morbidity	and	mortality,	
treating	with	surgery	alone,	where	neighboring	organs	are	resected	
together	 with	 an	 esophagectomy,	 has	 not	 improved	 survival.4–7 
Similarly,	 definitive	 chemoradiation	 (dCRT),	 a	 maximum-	dose	 irra-
diation	 together	with	 chemotherapy	 used	 as	 a	 curative	 treatment	
which	many	investigators	consider	the	most	suitable	treatment	for	
T4	esophageal	cancer,	has	not	dramatically	contributed	to	 improv-
ing	patient	 survival.8	As	 a	 result	of	 a	paucity	of	evidence,	 a	 treat-
ment	 strategy	 for	 T4	 esophageal	 cancer	 has	 not	 been	 established	
to	 date.	According	 to	 the	Guidelines	 for	Diagnosis	 and	Treatment	
of	Carcinoma	of	the	Esophagus,	2017,	the	current	standard	chemo-
therapeutic	regimen	for	treating	esophageal	cancer	is	5-	fluorouracil	
(5-	FU)	 combined	 with	 cisplatin9	 (CF)	 because	 of	 their	 synergistic	
radiosensitizing	effects.10	Previous	studies	have	reported	that	con-
current	CRT	with	a	CF	regimen	was	effective	for	treating	advanced	
esophageal	 cancers,	 including	 T4	 tumors.1,11	 Thus,	 two	modalities	
are	currently	in	use	for	the	treatment	of	cT4	esophageal	tumors:12,13 
dCRT14–19	and	induction	chemotherapy	or	CRT,	followed	by	conver-
sion	surgery	 (CS).12,13,20–29	Theoretically,	when	surgery	completely	
removes	the	tumor,	survival	should	be	prolonged,	regardless	of	the	
T	 stage.	Thus,	effective	 induction	 treatments	must	be	established	
for	T4	tumors	to	achieve	curative	resections,	even	for	initially	unre-
sectable	tumors.30	However,	to	our	knowledge,	there	is	little	or	no	
information	on	the	differences	in	clinical	outcome	between	patients	
with	T4	esophageal	tumors	treated	with	dCRT	and	those	eventually	
treated	with	CS.

Recently,	 new	 triplet	 chemotherapy	 regimens	 have	 been	 re-
ported	 to	 yield	 high	 response	 rates	 for	 esophageal	 squamous	 cell	
carcinoma	 (ESCC).31,32	 In	 particular,	 docetaxel	 plus	 CF	 (DCF)	 was	
shown	 to	 be	more	 effective	 for	 treating	 ESCC	 than	 the	 standard	
treatment	of	CF	or	CF	plus	adriamycin	(ACF).31	Some	studies	showed	
promising	results	when	induction	chemotherapy	with	the	DCF	regi-
men	was	applied	before	carrying	out	CS	for	cT4	ESCC.20,24,30	In	the	
present	review,	we	focus	on	these	treatments	and	the	outcomes	in	
patients	with	T4	esophageal	cancer,	and	we	discuss	future	perspec-
tives	regarding	these	modalities.

2  | MATERIAL S AND METHODS

We	 conducted	 a	 systematic	 search	 of	 the	 scientific	 literature	 on	
PubMed/MEDLINE	 to	 obtain	 all	 relevant	 articles	 involving	 T4	 es-
ophageal	 cancers	 published	 up	 to	 July	 2018.	 In	 the	 searches,	 we	

excluded	all	non-	English	articles.	To	avoid	duplications	of	data,	ar-
ticles	from	the	same	unit	or	hospital	were	included	only	once,	when	
data	were	 being	 updated	 in	 a	 later	 publication.	 The	 search	 terms	
were	“T4	esophageal	cancer,”	“invading	(involving)	adjacent	organ,”	
“definitive	 chemoradiation,”	 “induction	 therapy,”	 “salvage	 surgery,”	
and	“conversion	surgery.”	All	available	major	publications	(primarily	
from	high-	volume	surgical	centers)	were	considered.	Articles	were	
selected	when	the	abstract	indicated	that	data	were	collected	on	pa-
tients	with	T4	esophageal	cancer	included	in	randomized	controlled	
trials	(RCT),	other	cohorts,	or	comparative	studies.	We	also	reviewed	
the	reference	lists	of	these	articles	to	find	additional	candidate	stud-
ies.	For	the	present	study,	data	were	taken	from	the	published	re-
ports;	authors	were	not	contacted	to	obtain	additional	information.	
Therefore,	articles	that	lacked	necessary	data,	including	survival	in-
formation	according	to	each	treatment	group,	were	excluded	from	
this	systematic	review.	Reports	with	fewer	than	10	cases	were	also	
excluded	from	this	study.

3  | RESULTS

3.1 | Studies included in the present review

A	fiow	chart	of	the	article	selection	process	is	shown	in	Figure	S1.	
A	 total	 of	 28	 articles	 regarding	 dCRT	or/and	 induction	 treatment,	
followed	 by	 CS	 for	 cT4	 esophageal	 cancer	 were	 finally	 selected	
(Table	1).

3.2 | Definitive chemoradiation

3.2.1 | Chemoradiation regimen

As	summarized	in	Tables	1	and	2,	a	total	of	16	studies12–19,33–40	ex-
amined	 the	 outcome	 of	 patients	with	 T4	 esophageal	 cancer	 after	
dCRT.	 Two	 major	 clinical	 studies	 on	 dCRT	 for	 esophageal	 cancer	
conducted	 in	 Japan,	 termed	 JCOG951638	 and	 JCOG0303,36 were 
carried	out	primarily	by	the	Japanese	Clinical	Oncology	Group.	Of	
the	 16	 studies,	 1312,13,15–19,33,34,36,38–40	 used	 CF,	 and	 three	 recent	
studies34,35,37	reported	the	concurrent	use	of	triplet	chemotherapy	
(DCF).	 Font	 et	al14	 used	 a	 weekly	 docetaxel	 regimen	 (20	mg/m2).	
Concurrent	radiotherapy	was	applied	in	all	studies,	with	a	total	ex-
ternal	radiation	dose	of	50-	66	Gy.

3.2.2 | Adverse effects, morbidity, and mortality

The	 most	 common	 early	 adverse	 effects	 associated	 with	 dCRT	
were	 hematotoxicities,	 including	 leukocytopenia,	 neutropenia,	
and	 thrombocytopenia	 (Table	2).	 In	 contrast,	 esophagitis,	 ano-
rexia,	 oral	 mucositis,	 and	 esophageal	 dysphagia	 were	 common	
non-	hematological	 toxicities	 (Table	2).	 Fistula	 formation,	 includ-
ing	 esophagotracheal	 (bronchial	 or	 pulmonary)	 and	 esophago-	
aortic	 fistulas,	 was	 observed	 in	 9%-	22%16,18,19,33–37,39,40	 of	
patients	 with	 cT4	 esophageal	 cancer	 during	 or	 after	 dCRT.	 In	
the	 JCOG0303	 trial,36	 which	 included	 patients	with	 cT4	 and/or	
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unresectable	 regional	 lymph	node	metastasis,	grades	3-	4	 fistula	
formation	 occurred	 in	 32	 of	 140	 patients	 (23%)	 during	 or	 after	
dCRT.	 Intercurrent	 deaths	 occurred	 (massive	 bleeding	 from	 an	
esophageal-	aortic	 fistula	 and	 pneumonia	 due	 to	 an	 esophageal-	
pulmonary	fistula)	in	two	patients	that	were	treated	with	a	stand-
ard	 CF	 dose	 and	 60	Gy	 radiation.	 One	 concurrent	 death	 was	
caused	by	massive	bleeding	as	a	result	of	an	esophageal-	tracheal	
fistula.	 Chiarion-	Sileni	 et	al43	 reported	 that	 tracheo-	esophageal	
fistulas	 developed	 in	 24%	 of	 patients	 with	 unresectable	 locally	
advanced	 ESCC	 treated	 with	 DCF,	 followed	 by	 carboplatin	 and	
radiotherapy.	Nishimura	et	al19	studied	28	patients	with	T4	ESCC	
that	 underwent	 dCRT	 (60	Gy/CF).	 They	 reported	 worsening	 or	
development	of	esophageal	fistulas	in	five	(18%)	patients	and	two	
(7%)	treatment-	related	deaths.

Incidence	 of	 late	 toxicities	 as	 a	 result	 of	 dCRT	was	 0%-	22%,	
although	 only	 five	 studies	 reported	 relevant	 data.12,16,34,36,37	 In	
addition	 to	 fistula	 formation,	 the	 JCOG0303	 study36 reported 
other	common	late	toxicities,	including	dyspnea,	dysphagia/esoph-
agitis/odynophagia,	 and	 pneumonitis.	 Seto	 et	al12	 followed	 nine	
patients	 that	 survived	more	 than	 1	year	 from	 the	 start	 of	 dCRT;	
they	 reported	 no	 late	 toxicity-	related	 deaths,	 but	 they	 observed	
grade	 2	 pericardial	 effusion	 and	 radiation	 pneumonitis	 in	 four	
and	two	patients,	 respectively.	An	analysis	of	data	 from	14	stud-
ies12,14–16,18,19,33–40	 with	 relevant	 data	 indicated	 that	 the	 dCRT-	
related	mortality	rate	ranged	from	0%	to	10%.	The	main	causes	of	
dCRT-	related	deaths	were	esophageal	fistula	with	massive	bleed-
ing16,18,19	and	pneumonitis.14

3.2.3 | Response to dCRT and patient survival

We	found	that	patients	with	T4	tumors	experienced	a	clinical	com-
plete	response	(cCR)	of	0%-	39%	and	an	overall	response	rate	(both	
complete	and	partial	responses)	of	57%-	88%	(Table	2).16–19,33,35–40 
In	contrast,	the	1-	,	3-	,	and	5-	year	overall	survival	(OS)	rates	of	pa-
tients	with	T4	esophageal	 cancer	 that	 received	dCRT	were	26%-	
79%,	 0%-	44%,	 and	0%-	14%,	 respectively.12–19,33–38,40 Seto et al12 
examined	 prognosis	 according	 to	 the	 response	 to	 CRT;	 they	 re-
ported	 that	 the	 1-	,	 3-	,	 and	 5-	year	 survival	 rates	 of	 patients	 that	
experienced	 cCR	 and	 non-	cCR	 were	 83%,	 33%,	 33%,	 and	 23%,	
0%,	0%,	 respectively.	 Itoh	et	al17	also	 reported	 that	patients	 that	
achieved	cCR	had	a	significantly	better	prognosis	than	those	with	
non-	cCR	(1-	,	3-	,	5-	year	OS	rates:	83%,	25%,	25%	vs	26%,	7%,	0%;	
P = 0.0317).	 In	 a	 phase	 I/II	 study	 of	 DCF	with	 concurrent	 radia-
tion	(60	Gy),	Miyazaki	et	al35	reported	that	the	CR	rate	and	overall	
response	 rate	were	 48%	 and	 86%,	 respectively,	 in	 patients	with	
cT4	esophageal	cancer.	Accordingly,	the	prognosis	of	patients	with	
T4	 esophageal	 cancer	 that	 received	 dCRT	 depends	 on	 whether	
cCR	can	be	achieved.	However,	patients	 that	 achieved	cCR	after	
dCRT	 sometimes	developed	disease	 recurrence.	 Therefore,	 care-
ful	 follow	up	 is	 necessary,	 even	 after	 achieving	 cCR.	 In	 addition,	
for	recurrence	or	persistent	disease	after	cCR,	salvage	surgery	or	
palliation	may	be	indicated,	depending	on	the	clinical	situation	and	
the	patient’s	general	condition.

3.3 | Conversion surgery following 
induction treatments

3.3.1 | Regimen

As	shown	in	Tables	1	and	3,	14	studies12,13,20–29,41,42	have	analyzed	
the	outcome	of	patients	with	T4	esophageal	cancer	that	underwent	
CS	 following	 induction	 treatments	 of	 CRT	 (often	 given	with	 a	 ra-
diation	dose	of	40-	50.4	Gy	with	 the	 intention	 to	explore	 the	pos-
sibility	of	carrying	out	curative	surgery	 later	on)	or	chemotherapy.	
In	 all	 studies,	 the	 combination	 of	 CF	 with	 concurrent	 36-	60	Gy	
irradiation	was	 the	most	 common	 regimen	 used	 as	 primary	 treat-
ment.12,13,20–22,25–29,41,42	All	CRT	in	these	series	were	carried	out	as	
a	“planned”	treatment	before	surgical	resection;	therefore,	after	in-
duction	treatment,	the	indication	for	CS	was	the	relief	of	T4	invasion	
The	interval	between	the	completion	of	CRT	and	CS	was	3-	8	weeks	
in	all	studies	with	available	related	data	(Table	3).13,20–22,24,26,27,29,42 
Alternatively,	some	more	recent	studies	applied	triplet	chemother-
apy	regimens,	including	DCF,	ACF,20,24	and	the	combination	of	5-	FU,	
adriamycin,	and	nedaplatin	(FAN).22

3.3.2 | Toxicity and mortality as a result of induction 
CRT or chemotherapy

Yano et al29	reported	that	the	most	common	major	toxicities	(grade	
3-	4)	caused	by	CRT	(40	Gy/CF)	were	leukocytopenia	(49%),	followed	
by	gastrointestinal	 toxicities	 (47%).	 In	 that	 study,	one	patient	 (2%)	
died	 of	 a	 treatment-	related	 cause	 (pancytopenia).	 Ikeda	 et	al28 re-
ported	that	CRT	(60	Gy/CF)	caused	grade	3	toxicity,	particularly	he-
matological	reactions,	in	13.5%	(5/37)	of	patients	(14%	anemia	and	
14%	leukocytopenia).	They	also	observed	one	toxicity-	related	death	
(sepsis).	In	addition,	two	patients	developed	esophagobronchial	fis-
tulas,	two	developed	esophagovascular	fistulas,	and	one	developed	
an	esophagomediastinal	fistula.	In	the	phase	II	study	of	chemoselec-
tion	with	DCF	chemotherapy	and	subsequent	CS	(ie,	the	COSMOS	
trial),20	the	major	hematological	toxicities	(grades	3-	4)	as	a	result	of	
induction	DCF	chemotherapy	were	leukopenia	(41.7%)	and	neutro-
penia	 (66.6%).	Moreover,	despite	an	antibiotic	prophylaxis	applica-
tion,	febrile	neutropenia	occurred	in	11	(22.9%)	patients.	The	most	
common	 non-	hematological	 adverse	 events,	 above	 grade	 3,	 were	
anorexia	 (25.0%),	 diarrhea	 (10.4%),	 and	 nausea	 (4.2%).	 However,	
no	 grade	 4	 non-	hematological	 adverse	 event	 or	 treatment-	related	
death	was	observed	during	induction	DCF.	Two	patients	developed	
treatment-	related	esophageal	fistulas.	In	contrast,	in	that	same	trial,	
CRT	was	associated	with	several	grade	3	hematological	toxicities,	in-
cluding	leukopenia	(27.8%),	neutropenia	(5.6%),	and	anemia	(11.1%).	
Moreover,	grade	3	non-	hematological	toxicities	occurred,	including	
esophagitis,	dysphasia,	anorexia,	and	nausea	(n	=	1	each).	No	esoph-
ageal	fistula	occurred	with	CRT.	Several	late	complications	occurred	
after	CRT,	 including	 grade	1-	2	 pneumonitis,	 grade	1	 lung	 abscess,	
grade	3	esophagitis,	and	grade	3	anorexia.	There	was	one	treatment-	
related	death	 (respiratory	bleeding)	 in	a	patient	that	received	DCF	
chemotherapy	followed	by	CRT	(60	Gy).
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3.3.3 | Resection and curative resection rates

Intention-	to-	treat	(ITT)	analysis	showed	that	the	rates	of	resection	
and	curative	resection	(R0)	for	T4	diseases	ranged	from	26%	to	100%	
and	 from	32%	 to	96%,	 respectively	 (Table	3).13,20–25,27–29,41,42 Seto 
et al12	 analyzed	data	 for	59	patients	with	 cT4	 that	 underwent	CS;	
they	 reported	 that	 10	 (17%),	 six	 (10%),	 and	 six	 (10%)	 patients	 un-
derwent	 combined	 resections	of	 the	major	 respiratory	 tract,	 lung,	
or	 pericardium,	 respectively.	 However,	 no	 combination	 resection	
was	 used	 in	 the	 other	 studies	 (Table	3).	 Although	 Pimiento	 et	al23 
reported	a	curative	resection	rate	of	96%	after	 induction	CRT,	the	
most	commonly	invaded	organ	in	that	study	was	the	pleura	(75.6%),	
which	was	 categorized	 as	 cT4a,	 but	 not	 cT4b,	 based	 on	 the	UICC	
classification.

3.3.4 | Perioperative morbidity and mortality

Ranges	 of	 perioperative	morbidity	 and	mortality	 rates	were	 29%-	
87%	 and	 0%-	21%,12,13,20–23,25,27–29,42	 respectively.	 Fujita	 et	al13 
analyzed	 patients	 with	 T4	 tumors	 that	 underwent	 CS	 after	 CRT	
(36	Gy/CF);	they	reported	an	overall	postoperative	mortality	rate	of	
8%	 (n	=	2/26)	 and	 postoperative	 complications	 in	 85%	of	 patients	
(n	=	22/26).	The	complications	included	50%	recurrent	nerve	palsy,	
35%	 respiratory	 complications,	 23%	 tracheal	 ischemia,	 and	 23%	
pyothorax.	Yano	et	al29	analyzed	45	patients	that	received	CS	after	
CRT	(40	Gy/CF);	they	reported	respiratory	complications,	delirium,	
and	recurrent	nerve	palsy	in	43%,	25%,	and	21%	of	patients,	respec-
tively,	with	 an	 overall	morbidity	 rate	 of	 62%	 (n	=	28/45).	 Noguchi	
et al27	indicated	a	morbidity	rate	of	29%	(7/24)	among	patients	that	
received	 CS	 after	 CRT	 (40	Gy/CF).	 They	 found	 that	 anastomotic	
leakage	was	the	most	frequent	complication	(17%).	Overall	postop-
erative	mortality	rate	after	surgical	resection	was	21%	(n	=	5/24).	Of	
these	five	postoperative	deaths,	two	were	related	to	postoperative	
complications	 involving	 anastomotic	 leaks,	 one	 died	 from	postop-
erative	 pneumonia,	 one	 from	 liver	 failure,	 and	 one	 from	 catheter	
sepsis.	In	the	COSMOS	trial,20	no	intraoperative	complications	were	
observed,	 but	 perioperative	 complications	 occurred,	 including	 re-
current	laryngeal	nerve	palsy	(38%),	pleural	effusion	(24%),	and	lung	
infection	(14%).	Grade	3	severity	rates	were	5%	for	recurrent	laryn-
geal	nerve	palsy,	5%	 for	 lung	 infections,	5%	 for	wound	 infections,	
5%	 for	 pulmonary	 fistulas,	 and	 5%	 for	 dysphagia,	 but	 all	 of	 these	
complications	were	manageable.	No	grade	4	complications	were	ob-
served;	 thus,	 there	was	no	mortality	and	no	serious	complications	
related	to	surgery.

3.3.5 | Tumor response and survival

We	found	that	20%-	100%	of	patients	with	T4	esophageal	cancer	that	
received	CS	achieved	a	clinical	response	to	induction	CRT	or	chemo-
therapy	 (Table	3).12,13,21,22,24–29,41,42	 However,	 tumor	 examination	
showed	that	induction	CRT	or	chemotherapy	achieved	pCR	in	8%-	
42%	of	cases	only	for	the	main	tumor,	and	in	7%-	42%	of	cases	only	
for	all	involved	lesions.12,13,21–29,42	The	1-	,	3-	,	and	5-	year	OS	rates	of	A
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T4	patients	that	underwent	CS	were	24%-	100%,	5%-	50%,	and	0%-	
51%,	 respectively.12,13,20–29,41,42	 Among	 the	 five	 studies23,26,27,29,42 
that	classified	prognosis	according	to	the	pathological	 response	to	
CRT,	1-	,	3-	,	 and	5-	year	OS	 rates	were	85%-	100%,	61%-	100%,	and	
25%-	86%,	respectively,	for	grade	3	tumors,	and	20-	65%,	0-	35%,	and	
0%-	30%	for	grade	0-	2	tumors	(Table	3).

Miyata	et	al24	analyzed	98	patients	that	underwent	CRT	or	trip-
let	 chemotherapy	 plus	CRT,	with	 or	without	 subsequent	CS;	 they	
found	that	patients	that	underwent	CS	had	significantly	more	favor-
able	3-		and	5-	year	OS	rates	(48%	and	40%,	respectively)	compared	
to	patients	that	did	not	receive	CS	(7%	and	4%,	respectively).	This	
trend	was	also	 identified	 in	patients	that	showed	a	good	response	
to	 induction	 treatments	 and	 those	 that	 showed	 a	 poor	 response	
using	separately	analyzed	survival	data	(data	not	shown).	Seto	et	al12 
reported	 that	 the	 1-		 and	 3-	year	OS	 rates	 of	 59	 patients	with	 cT4	
ESCC	who	underwent	neoadjuvant	CRT	plus	esophagectomy	were	
67.8%	 and	 37.9%,	 respectively.	 The	 1-		 and	 3-	year	 OS	 rates	 were	
77.8%	 and	 45.1%,	 respectively,	 for	 R0	 resections	 and	 38.5%	 and	
0%,	 respectively,	 for	 palliative	 resections	 (R1/2).	 The	prognosis	 of	
patients	that	underwent	tracheal	resections	was	poor,	even	after	a	
R0	 resection.	 de	Manzoni	 et	al25	 analyzed	 the	 survival	 of	 patients	
with	esophageal	cancer	according	to	the	infiltrated	organs	detected	
on	 pretreatment	 staging;	 they	 reported	 that	 curative	 resections	
were	 possible	 after	 CRT	 (50-	60	Gy/CF)	when	 tumors	 invaded	 the	
aorta,	but	no	long-	term	survivors	were	observed	when	tumors	had	
invaded	other	organs.	Among	patients	with	 invasions	of	the	aorta,	
airway,	and	other	organs,	the	3-	year	survival	times	were	31.3,	4.5,	
and	 0	months,	 respectively.25	 Furthermore,	 median	 survival	 times	
were	22.3	and	9	months	for	patients	with	R0	and	R1/2	resections,	
respectively	 (P < 0.001).	The	recurrence	pattern	after	a	CS	for	cT4	
esophageal	cancer	was	only	described	in	one	study	by	Yano	et	al29 
They	reported	that,	among	27	patients,	17	(63%)	experienced	recur-
rence	after	a	curative	resection;	among	these	17	recurrences,	eight		
were	 local,	 six	were	 distant,	 two	were	 local	 plus	 distant,	 and	 one		
displayed	an	unknown.

3.4 | Triplet chemotherapy as an initial 
induction treatment

The	standard	regimen	for	induction	treatment	in	locally	advanced	
T4	esophageal	cancer	is	concurrent	CRT	with	CF.	The	CF	regimen	
has	not	changed	in	decades,	but	it	is	possible	that	a	stronger	regi-
men	might	 improve	 outcomes.	 In	 2007,	 a	 novel	 regimen	 of	DCF	
achieved	a	significant	antitumor	effect	and	improved	the	outcome	
of	patients	with	head	and	neck	cancer.44	DCF	was	also	expected	to	
be	effective	for	ESCC	because	of	its	histological	similarity	to	head	
and	 neck	 cancer.	 Indeed,	DCF	had	 a	 strong	 antitumor	 effect	 for	
ESCC,	and	 it	 is	currently	being	used	as	a	 first-	line	chemotherapy	
regimen	 for	 ESCC.	DCF	 even	 achieved	 local	 tumor	 control	 com-
parable	to	that	achieved	with	CRT;	thus,	several	studies30–32	used	
DCF	as	an	initial	 induction	treatment	for	T4	ESCC	and	confirmed	
its	clinical	utility.	A	recent	phase	II	study	(COSMOS	trial)20	 inves-
tigated	 the	efficacy	of	 induction	DCF	chemotherapy.	That	 study	A

ut
ho

rs
Ye

ar
N

G
ra

de
 3

/4
 to

xi
ci

tie
s (

%
)

Fi
st

ul
a 

fo
rm

at
io

n 
(%

)
M

or
ta

lit
y 

(%
)

Re
sp

on
se

 ra
te

 (%
)

cC
R 

ra
te

 (%
)

1/
3/

5-
 ye

ar
 o

ve
ra

ll 
su

rv
iv

al
 ra

te
 (%

)

A
cu

te
La

te
cC

R
N

on
- c

CR

O
ht
su
	e
t	a
l18

19
99

36
28

c 	(
an
em
ia
) 

24
c 	(
le
uk
oc
yt
op
en
ia
) 

17
c 	(
th
ro
m
bo
cy
to
pe
ni
a)

 
15

c 	(
es
op
ha
gi
tis
)

N
A

14
7c

81
25

N
A

N
A

O
ht
su
	e
t	a
l39

19
95

20
c

45
c 	(
le
uk
oc
yt
op
en
ia
)

N
A

20
c

10
c

85
c

30
c

N
A

N
A

D
at
a	
in
	p
at
ie
nt
s	
in
cl
ud
in
g	

a C
he
m
or
ad
io
th
er
ap
y	
(C
RT
)	a
nd
	C
RT
	p
lu
s	
su
rg
er
y	
gr
ou
p,
	b T
3/
4	
tu
m
or
s,
	o
r	c T
4/
M
1	
ly
m
	tu
m
or
s.
	c
C
R,
	c
lin
ic
al
	c
om
pl
et
e	
re
sp
on
se
;	C
R,
	c
om
pl
et
e	
re
sp
on
se
;	L
D
C
F,
	lo
w
-	d
os
e	
ci
sp
la
tin
	

an
d	
5-
	flu
or
ou
ra
ci
l;	
N
A
,	d
at
a	
no
t	a
va
ila
bl
e;
	S
D
C
F,
	s
ta
nd
ar
d-
	do
se
	c
is
pl
at
in
	a
nd
	5
-	f
lu
or
ou
ra
ci
l.

TA
B
LE
 2
 
(C
on
tin
ue
d)



176  |     MAKINO et Al.

TA
B
LE
 3
 
Su
m
m
ar
y	
of
	o
ut
co
m
es
	in
	c
on
ve
rs
io
n	
su
rg
er
y	
gr
ou
p

A
ut

ho
rs

N
In

te
rv

al
a  

(w
ee

ks
)

Co
m

bi
ne

d 
re

se
ct

io
n 

ra
te

 (%
)

Po
st

op
er

at
iv

e 
co

m
pl

ic
a-

tio
ns

 (%
)

M
or

ta
lit

y 
(%

)
Re

se
ct

io
n 

ra
te

b  (%
)

Cu
ra

tiv
e 

re
se

ct
io

n 
ra

te
b  (%

)

Cl
in

ic
al

 
re

sp
on

se
 

ra
te

 (%
)

pC
R 

ra
te

 (%
) 

1/
3/

5-
 ye

ar
 o

ve
ra

ll 
su

rv
iv

al
 ra

te
 (%

)

M
ai

n
A

ll
G

ra
de

 3
G

ra
de

 0
- 2

Yo
ko
ta
	e
t	a
l20

 
(C
O
SM
O
S)

20
w

ith
in

 8
0

38
	(r
ec
ur
re
nt
	n
er
ve
	p
al
sy
) 

24
	(p
le
ur
al
	e
ff
us
io
n)

 
14
	(l
un
g	
in
fe
ct
io
n)

0
42

40
N
A

20
20

N
A

N
A

O
hi
ra
	e
t	a
l	4
1

40
N
A

0
N
A

N
A

45
40

67
N
A

N
A

N
A

N
A

A
ku
ts
u	
et
	a
l21

28
	(e
ar
ly
	re
sp
on
de
rs
) 

12
	(l
at
e	

re
sp
on
de
rs
)

3-
	4

N
A

N
A

0 8
26

N
A

10
0

22 17
N
A
N
A

N
A

N
A

Sh
im

oj
i e

t a
l22

43
4	
(c
he
m
o)

 
6	
(C
RT
)

0
63

13
70

61
54

14
14

N
A

N
A

Pi
m
ie
nt
o	
et
	a
l23

45
N
A

0
to
ta
l	5
2 

22
	(r
es
pi
ra
to
ry
) 

17
	(D
G
E)

4
N
A

96
N
A

42
42

85
/6
1/
53

N
A

M
iy
at
a	
et
	a
l24

98
3-
	4

N
A

N
A

N
A

58
47

78
16

16
N
A

N
A

M
iy
os
hi
	e
t	a
l26

42
4

N
A

N
A

N
A

N
A

N
A

83
21

21
90
/7
8/
78

58
/3
0/
30

Se
to

 e
t a

l12
59

N
A

17
	(r
es
pi
ra
to
ry
	

tr
ac
t) 

10
	(l
un
g)

 
10
	(p
er
ic
ar
di
um
)

N
A

5
N
A

N
A

68
14

7
N
A

N
A

de
 M

an
zo

ni
 

et
 a

l25
51

N
A

N
A

N
A

10
78

39
20

N
A

13
N
A

N
A

Fu
jit
a	
et
	a
l13

30
4-
	6

0
to
ta
l	8
7 

50
	(r
ec
ur
re
nt
	n
er
ve
	

pa
ls
y)

 
35
	(r
es
pi
ra
to
ry
) 

23
	(t
ra
ch
ea
l	i
sc
he
m
ia
) 

23
	(p
yo
th
or
ax
)

7
57

34
63

15
7

N
A

N
A

N
og
uc
hi
	e
t	a
l27

41
4-
	6

0
to

ta
l 2

9 
17
	(a
na
st
om
ot
ic
	le
ak
)

21
59

N
A

59
17

17
10
0/
75
/2
5

20
/0
/0

Ik
ed
a	
et
	a
l28

37
N
A

0
N
A

0
35

32
76

8
8

N
A

N
A

Ya
no

 e
t a

l29
45

4
N
A

to
ta

l 6
2 

43
	(r
es
pi
ra
to
ry
) 

25
	(d
el
iri
um
) 

21
	(r
ec
ur
re
nt
	n
er
ve
	

pa
ls
y)

0
62

44
64

29
25

86
/8
6/
86

65
/3
5/
20

Va
n	
Ra
em
do
nc
k	

et
 a

l42
18

4-
	8

0
11
	(r
ec
ur
re
nt
	n
er
ve
	p
al
sy
) 

11
	(s
ur
gi
ca
l	s
ite
	

in
fe
ct
io
n)

 
11
	(l
ym
ph
at
ic
	fi
st
ul
a)

0
10

0
83

50
17

17
10
0/
10
0/

N
A

53
/3
2/

N
A

C
he
m
o,
	c
he
m
ot
he
ra
py
;	C
R,
	c
om
pl
et
e	
re
sp
on
se
;	C
RT
,	c
he
m
or
ad
io
th
er
ap
y;
	D
G
E,
	d
el
ay
ed
	g
as
tr
ic
	e
m
pt
yi
ng
;	N
A
,	d
at
a	
no
t	a
va
ila
bl
e;
	p
C
R,
	p
at
ho
lo
gi
ca
l	c
om
pl
et
e	
re
sp
on
se
.

a In
te
rv
al
	fr
om
	th
e	
co
m
pl
et
io
n	
of
	c
he
m
or
ad
io
th
er
ap
y	
to
	th
e	
op
er
at
io
n.
	b C
al
cu
la
te
d	
w
ith
	in
te
nt
io
n-
	to
-	t
re
at
	a
na
ly
si
s.



     |  177MAKINO et Al.

aimed	to	test	downstaging	the	tumor	and,	subsequently,	convert-
ing	to	surgery	as	a	multidisciplinary	strategy	for	treating	cT4	ESCC.	
In	that	trial,	the	first-	line	chemotherapy	regimen	consisted	of	three	
courses	of	DCF.	When	 resectability	was	achieved	after	 the	 third	
course	 of	 DCF,	 CS	was	 carried	 out.	When	 resectability	was	 not	
achieved	by	the	middle	evaluation	of	CRT,	dCRT	was	given.	That	
study	reported	that	CS	was	carried	out	in	41.7%	of	patients,	and	an	
R0	resection	was	confirmed	in	39.6%	of	patients.	A	point	estimate	
of	 the	 1-	year	 survival	 rate	 was	 67.7%,	 and	 the	 80%	 confidence	
interval	had	a	 lower	 limit	of	59.5%.	Because	 this	 lower	 limit	was	
higher	than	the	50%	threshold,	this	first	prospective	trial	showed	
a	statistically	positive	effect.	 In	addition,	 the	1-	year	survival	 rate	
in	that	study	was	higher	than	that	found	in	the	standard-	dose	CF-	
RT	arm	 in	 the	JCOG0303	trial.36	This	 finding	 indicated	that	DCF	
chemotherapy	was	a	sufficiently	powerful	induction	treatment	for	
cT4	ESCC.

Miyata	et	al24	investigated	the	clinical	utility	of	initial	induction	
triplet	chemotherapy	with	either	a	DCF	or	an	ACF	regimen,	with	
or	 without	 a	 second-	line	 induction	 CRT,	 for	 treating	 cT4	 ESCC.	
In	 that	 study,	 induction	DCF	 chemotherapy	 reduced	 esophageal	
perforations	and	increased	overall	resectability	in	patients	with	T4	
ESCC,	which	led	to	a	better	survival	rate	than	that	achieved	with	
CRT	alone.	Makino	et	al,30	 from	the	same	 institute,	carried	out	a	
propensity	 score-	matched	 analysis.	 They	 compared	 50	 patients	
with	 cT4	 ESCC	 that	 underwent	 an	 initial	 DCF	 induction	 therapy	
to	 another	 50	 patients	 that	 underwent	 induction	 radiotherapy	
concurrent	with	a	CF	regimen	(CRT);	they	reported	that	the	initial	
induction	DCF	chemotherapy	 achieved	up	 to	64%	of	 the	 clinical	
response	rate	which	was	nearly	comparable	to	the	72.0%	achieved	
with	 induction	CRT.	Compared	to	the	CRT	group,	the	DCF	group	
had	 significantly	 higher	 overall	 resectability	 (78.0%	 vs	 48.0%,	
P = 0.0017)	 and	 survival	 (5-	year	 cancer-	specific	 survival:	 42.1%	
vs	22.2%,	P = 0.0146).	Considering	that	local	recurrence	after	cu-
rative	 surgery	 tended	 to	 be	 lower	 in	 the	DCF	 group	 than	 in	 the	
CRT	group,	DCF	chemotherapy	appeared	to	control	 local	disease	
sufficiently,	 with	 or	 without	 subsequent	 CRT.	 Another	 potential	
benefit	of	giving	 induction	DCF	chemotherapy	 for	T4	ESCC	 is	 to	

control	 micrometastasis;	 this	 application	 was	 supported	 by	 the	
finding	that	survival	superiority	with	DCF	was	observed	only	 for	
the	node-	positive	(cN1-	3)	population.	Shimoji	et	al22 conducted a 
prospective	study	on	a	cohort	that	received	FAN	induction	triplet	
chemotherapy	 (n	=	17)	 or	 CRT	 (n	=	26)	 each	 treatment	 followed,	
when	 feasible,	by	esophagectomy.	They	also	 reported	 that	 satis-
factory	survival	could	be	achieved	when	R0	resection	was	carried	
out	after	 induction	 treatment	 in	T4	ESCC;	however,	 a	 secondary	
radical	 esophagectomy	 was	 associated	 with	 a	 higher	 risk	 of	 in-	
hospital	mortality.

Satake	 et	al33	 conducted	 a	multicenter	 phase	 I/II	 study	 on	 in-
duction	 DCF	 chemotherapy	 followed	 by	 CRT	 in	 patients	 with	
unresectable,	 locally	 advanced	 ESCC.	 In	 that	 trial,	 DCF	 induc-
tion	 chemotherapy	 showed	 promising	 efficacy	 with	 a	 median	
progression-	free	 survival	 of	 12	months	 and	 a	 3-	year	 survival	 rate	
of	 40.4%.	However,	 39.4%	 of	 the	 33	 patients	with	 ESCC	 that	 in-
volved	cT4	and/or	M1	lym	achieved	a	CR;	this	CR	rate	was	less	than	
expected.	A	post-	JCOG0303	 trial36	was	 recently	 started	 to	 test	 a	
trimodality	combination	 therapy	with	 induction	DCF	compared	 to	
dCRT	for	locally	advanced	unresectable	(cT4)	ESCC	of	the	thoracic	
esophagus	 (TRIANgLE;	 JCOG1510).	 The	 aim	of	 this	 new	phase	 III	
JCOG	study	is	to	confirm	that	DCF	chemotherapy	followed	by	rad-
ical	 surgery	 or	 dCRT	 shows	 superiority	 in	 OS	 over	 the	 standard	
dCRT	 for	 patients	with	 cT4	ESCC	of	 the	 thoracic	 esophagus.	 The	
primary	 endpoint	 of	 the	 trial	 is	OS.	 Secondary	 endpoints	 include	
progression-	free	survival,	(complete)	response	rate,	adverse	events	
of	DCF	or	CRT,	late-	onset	adverse	events,	and	perioperative	com-
plications.	A	total	of	230	patients	will	be	recruited	from	47	Japanese	
institutions.

4  | SUMMARY AND PERSPEC TIVES

A	possible	algorism	of	treatment	for	cT4	esophageal	cancer	is	sum-
marized	in	Figure	1.	In	the	case	of	dCRT,	patient	prognosis	depends	
on	whether	 or	 not	 cCR	 can	 be	 achieved.	However,	 it	 is	 often	 dif-
ficult	 to	 determine	 a	 treatment	 strategy	 after	 achieving	 cCR	with	

F IGURE  1 Possible	algorism	of	a	
treatment	strategy	for	cT4	esophageal	
cancer.	Different	treatment	strategies,	
including	(A)	definitive	chemoradiation	
(CRT),	potentially	followed	by	salvage	
surgery,	in	the	absence	of	a	complete	
response	(CR);	or	(B)	induction	treatments	
potentially	followed	by	conversion	
surgery.	BSC,	best	supportive	care;	DCF,	
docetaxel,	cisplatin,	and	5-	fluorouracil	
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dCRT.	 It	 is	also	clinically	difficult	 to	make	a	diagnosis	of	CR	based	
on	 endoscopic	 biopsies,	 which	 sometimes	 give	 false-	negative	 re-
sults,	or	imaging	tools,	due	to	CRT-	induced	inflammation,	fibrosis,	or	
edema.	In	contrast,	it	remains	controversial	whether	surgery	should	
play	 a	 role	 in	 a	 treatment	modality	 carried	out	 after	 achieving	CR	
with	dCRT.	Two	randomized	trials45,46 have compared preoperative 
dCRT,	followed	by	surgery,	versus	dCRT	alone	to	assess	the	role	of	
surgery	 in	T3	and/or	T4	diseases.	They	 found	 that	adding	 surgery	
to	 dCRT	 provided	 no	 survival	 benefit.	 Furthermore,	 significantly	
higher	 operative	 mortality	 rates	 and	 major	 morbidities,	 including	
anastomotic	 leaks	and	pulmonary	complications,	were	 reported	 in	
both	trials.	These	findings	were	presumably	due	to	the	adverse	ef-
fects	 of	 CRT,	 including	 radiation-	induced	 fibrosis,	 which	 affected	
thoracic	 tissue	and	patient	performance	status.	Meanwhile,	as	pa-
tients	that	achieved	cCR	after	dCRT	sometimes	developed	disease	
recurrence,	careful	follow	up	is	necessary	even	after	achieving	cCR.	
In	addition,	for	recurrence	or	persistent	disease	(non-	CR)	after	cCR,	
salvage	surgery	(optional)	or	palliation	including	chemotherapy	may	
be	 indicated,	 depending	 on	 the	 clinical	 situation	 and	 the	 patient’s	
general	 condition	 (Figure	1A).	 However,	 when	 curative	 resection	
is	 considered	 possible	 after	 induction	 CRT	 or	 DCF,	 CS	 might	 be	
scheduled.	When	 the	 tumor	 remains	 unresectable	 (persistent	 T4),	
chemotherapy	or	CRT	might	subsequently	be	given,	depending	on	
the	type	of	 initial	 induction	treatment.	 In	cases	with	persistent	T4	
tumors	after	an	 initial	 induction	with	DCF,	a	second-	line	 induction	
CRT	might	be	indicated	to	pursue	any	chance	of	carrying	out	CS	as	
an	optional	treatment	strategy;	this	latter	option	is	practiced	in	our	
institute	(Figure	1B).

Older	patients	are	often	excluded,	or	at	least	underrepresented,	
in	clinical	 trials.	Thus,	 it	 is	 reasonable	 to	question	whether	 the	 re-
sults	are	generally	transferable	to	the	older	population.	Although	it	
is	true	that	some	older	patients	are	not	suitable	for	intensive	multi-
modality	treatment,	age	alone	should	not	be	taken	as	the	decisive	
factor	 in	 making	 treatment	 decisions	 in	 T4	 esophageal	 cancer.	 In	
fact,	according	to	a	recent	analysis	by	Pultrum	et	al.,47	older	age	did	
not	significantly	influence	the	overall	outcome	or	the	complication	
rate	in	patients	treated	with	extended	esophagectomies,	However,	
the	 presence	 of	 comorbidity	 had	 a	 significant	 impact	 on	 survival.	
Thus,	 it	might	be	more	appropriate	to	base	treatment	decisions	on	
comorbidity	 and/or	 performance	 status,	 rather	 than	 chronological	
age	alone.48	Although	we	proposed	a	possible	treatment	algorithm	
for	 cT4	esophageal	 cancer	 (Figure	1),	 the	 tolerance	 for	each	 treat-
ment	 should	 first	 be	 evaluated,	 considering	 comorbidity,	 perfor-
mance	status,	and	general	condition,	in	addition	to	the	patient’s	age.	
Radiation	 alone	or	 palliation	might	 be	 indicated	 for	 older	 patients	
at	high	risk;	alternatively,	a	potentially	curative	treatment	strategy	
might	 be	 considered	 for	 carefully	 selected	 older	 patients	without	
severe	comorbidity.

This	 review	 has	 shown	 that	 CS	 appeared	 to	 be	 superior	 to	
dCRT	for	treating	T4	esophageal	cancer	with	respect	to	local	con-
trol	and	short-	term	prognosis	despite	the	relatively	high	associa-
tion	with	perioperative	morbidities.	However,	although	the	fistula	
formation	rate	was	relatively	high	in	dCRT,	a	CR	to	CRT	might	lead	

to	a	better	prognosis.	When	more	powerful	chemotherapy,	such	
as	 a	DCF	 regimen,	 is	 tolerable	 concurrent	with	definitive	 radia-
tion,	this	is	the	most	promising	option	for	treating	T4	esophageal	
cancer.	Also,	as	an	initial	induction	therapy,	triplet	chemotherapy,	
including	a	DCF	regimen,	can	yield	both	significant	 local	control	
and	systemic	control,	which	enables	the	application	of	CS	for	T4	
esophageal	cancer,	without	preoperative	radiation.	DCF	chemo-
therapy	can	also	be	used	for	chemoselection,	followed	by	CS	or	
dCRT,	 as	 a	 multidisciplinary	 treatment	 strategy.	 In	 addition,	 a	
number	of	clinical	trials	are	currently	testing	immune-	checkpoint	
inhibitors	with/without	chemotherapy	or	 radiation.	These	treat-
ments	might	become	viable	treatment	options	for	T4	esophageal	
cancer	 in	 the	 near	 future.	 Randomized	 controlled	 trials	 that	 in-
clude	 a	 large	population	 are	needed	 to	define	 a	 standard	 treat-
ment	for	T4	esophageal	cancer.
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