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Summary

	 Background:	 The	impact	of	EBV	infection	on	the	incidence	of	post-transplant	lymphoprolif-
erative	disorders	(PTLDs)	is	well	established,	but	scant	data	exists	on	the	signifi-
cance	of	such	an	infection	on	organ	transplant	recipients	who	develop	lympho-
proliferative	disorders.	In	the	present	study,	we	investigated	the	epidemiology	of	
EBV	infection	in	renal	transplant	recipients	developing	post-transplant	lympho-
proliferative	disorders	and	its	potential	impact	on	these	patients.

	Material/Methods:	 International	data	from	5	different	studies	were	included	in	the	analysis.	Complete	
remission	(CR)	was	defined	as	no	evidence	of	disease	by	different	diagnostic	meth-
ods.	Partial	remission	was	defined	as	a	substantial	decrease	in	measurable	known	
lesions	without	the	appearance	of	new	ones.

	 Results:	 Overall	45	PTLD	patients	were	included	into	analysis.	Remission	rate	was	signif-
icantly	higher	in	EBV	negative	patients	(p=0.010).	Patients	with	EBV	infection	
had	significantly	lower	patient	survival	rate	(p=0.06).	Incidence	of	early	onset	
PTLDs	was	significantly	related	to	EBV	infection	(p=0.02).

	 Conclusions:	 This	study	demonstrates	EBV	infection	is	a	major	complication	in	post-transplant	
lymphoproliferative	patients.	Physicians	 should	more	 intensively	 follow	their	
EBV-infected	transplant	patients	who	have	lymphoproliferative	disorders.
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Background

Epstein-Barr	virus	(EBV)	 is	an	opportunistic	
pathogen	 that	 substantially	affects	 survival	of	
immunocompromised	patients	[1–4].	 In vitro,	
EBV	infects	resting	B	cells,	 transforming	them	
into	proliferating	blasts,	resulting	in	unregulat-
ed	polyclonal	expansion	of	latently	infected	lym-
phoblasts	[5,6].	In	the	absence	of	an	appropriate	
EBV-specific	cytotoxic	T-cell	response,	probably	
caused	by	the	immunosuppressive	regimen	after	
transplantation,	 the	proliferative	 transformed	
cells	increase	the	incidence	of	malignancies	in	
these	patients.	Post-transplant	lymphoprolifera-
tive	disorder	(PTLD)	is	one	of	the	morbidities	
shown	to	be	related	to	EBV	infection	in	solid	or-
gan	recipients.	Since	transplant	recipients	usu-
ally	receive	aggressive	immunosuppressive	med-
ication	 to	control	rejection	episodes,	 they	are	
especially	at	risk	for	PTLDs	[7–9].

As	mentioned	above,	the	impact	of	EBV	infec-
tion	on	the	occurrence	of	PTLDs	is	well	illustrat-
ed	both	epidemiologically	and	on	a	molecular	
basis.	However,	there	is	little	data	on	the	signif-
icance	of	such	an	infection	in	organ	transplant	
recipients	who	develop	lymphoproliferative	dis-
orders.	 In	 the	present	 study,	we	examined	the	
epidemiology	of	EBV	infection	 in	renal	 trans-
plant	recipients	developing	post-transplant	lym-
phoproliferative	disorders,	and	its	potential	im-
pact	on	these	patients.

Materials and Methods

We	conducted	a	comprehensive	search	for	the	
available	data	by	Pubmed	and	Google	scholar	
search	engines	on	post-transplant	lymphoprolifer-
ative	disorders.	A	standard	questionnaire	was	de-
veloped	to	collect	data	from	different	published	
studies.	Finally,	data	from	5	different	previously	
published	studies	from	different	countries	were	
included	in	the	analysis	[10–14].	We	focused	on	
EBV	infection	and	its	epidemiology	and	poten-
tial	impact	in	renal	transplant	recipients.

The	time	between	allografting	and	PTLD	onset	
was	defined	as	the	period	between	the	graft	and	
the	first	signs	of	PTLD.	Early-onset	PTLDs	were	
defined	as	PTLDs	occurring	less	than	1	year	af-
ter	 transplantation	and	 late-onset	PTLDs	were	
defined	as	PTLD	occurrence	more	than	1	year	
post-transplantation.

Because	the	various	studies	included	in	this	anal-
ysis	used	different	approaches,	we	were	not	able	

to	get	all	data	we	needed	from	all	of	the	includ-
ed	patients.	Initial	malignancy	site	was	available	
for	all	patients:	16	(36%)	represented	gastroin-
testinal	 involvement,	 in	14	(31%)	patients	pe-
ripheral	lymph	nodes	were	the	primary	site	of	in-
volvement,	brain	involvement	existed	in	6	(13%)	
patients,	kidney	allograft	was	the	initial	presenta-
tion	site	of	PTLD	in	5	(11%)	patients,	and	pala-
tine	and	lung	involvement	were	seen	in	2	(4.4%)	
patients.	Pre-transplantation	EBV	serologic	sta-
tus	was	documented	in	all	the	patients;	32	(71%)	
were	seropositive.	Data	for	potential	metastases	
was	available	for	18	(40%)	patients;	12	(67%)	pa-
tients	did	not	develop	metastasis,	while	6	(33%)	
patients	had	metastases	at	the	time	of	PTLD	di-
agnosis	or	during	their	follow-up	period.

At	lymphoma	diagnosis,	all	patients	were	receiv-
ing	and	had	received	immunosuppressive	regi-
mens	consisting	of	varying	combinations	of	azathi-
oprine,	prednisone,	cyclosporine,	mycophenolate	
mofetil,	and	antithymocyte/lymphocyte	globulin	
(ATG/ALG)	and	OKT3.

A	uniform	approach	to	 treatment	was	used	to	
manage	all	PTLD	patients	 in	 the	different	re-
ports	studied.	Upon	diagnosis	of	lymphoprolif-
erative	disorders,	 the	first	 step	 in	 the	majority	
of	patients	was	 to	decrease	or	discontinue	 im-
munosuppressive	 therapy.	Complete	remission	
(CR)	was	defined	as	no	evidence	of	disease	by	
clinical	examination,	radiographic,	endoscop-
ic,	and/or	histopathologic	results.	Partial	 re-
mission	was	defined	as	a	substantial	decrease	in	
measurable	known	lesions	without	 the	appear-
ance	of	new	ones.

Statistical analysis

Software	used	for	data	analyses	was	SPSS	v.13.0.	
Statistical	differences	between	patients’	subgroups	
were	performed	by	using	c2	and	Fishers’	exact	
tests	for	proportions	and	the	Student’s	t	test	for	
continuous	data.	Non-parametric	analysis	did	
not	change	the	results.	Survival	analysis	was	done	
with	life	tables,	Kaplan-Meier	methods	and	the	
Breslow	test.	Because	of	the	limited	number	of	
included	subjects,	we	were	not	able	to	perform	
multivariable	analyses;	as	well,	for	the	same	rea-
son,	all	statistical	tests	were	performed	at	the	0.07	
significance	level.

results

Overall,	45	real	transplant	patients	who	developed	
PTLDs	reported	by	5	international	studies	with	
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at	least	1	EBV	test	result	for	each	of	the	patients	
regardless	to	the	method	of	detection	were	in-
cluded	into	analysis.	There	were	26	(58%)	male	
and	19	(42%)	female	patients.	Mean	age	at	di-
agnosis	of	PTLD	was	41.3±12.8	years.	The	mean	
interval	between	transplantation	and	the	diag-
nosis	of	PTLD	was	74.5±66.2,	and	follow-up	time	
after	diagnosis	of	PTLD	was	23.9±40.6	months.

Despite	discontinuation	or	reduction	of	immuno-
suppressive	agents,	surgical	therapy,	chemother-
apy,	and	radiotherapy,	24	(53.3%)	of	the	patients	
died	(1	was	lost	to	follow-up).	At	the	last	follow-
up,	20	(44.4%)	patients	were	alive.	EBV	infection	
in	the	PTLD	patients	was	significantly	associated	
with	peripheral	lymph	node	involvement	as	the	
initial	neoplasm	site	(p=0.043),	while	other	ne-
oplasm	localizations	were	not	related	to	EBV	in-
fection	(p>0.1	for	all).

PTLD	remission	data	was	available	in	34	(76%)	
patients:	complete	remission	was	observed	in	17	
(37.8%)	patients,	while	5	(11.1%)	patients	expe-
rienced	partial	remission	and	no	remissions	were	
reported	in	the	remaining	12	(26.7%)	patients.	
The	remission	(either	partial	or	complete)	rate	
among	EBV-negative	patients	was	100%,	while	
it	was	48%	in	EBV-positive	patients	(Table	1).	
Kaplan-Meier	survival	analysis	showed	a	signifi-
cant	relationship	between	EBV	infections	and	re-
missions	(p=0.010,	Figure	1).	Patients	with	EBV	
infection	had	a	significantly	lower	patient	surviv-
al	rate	within	the	first	30	months	after	diagnosis	
of	PTLDs	(p=0.06;	Figure	2).	Incidence	of	early	
onset	PTLDs	was	significantly	related	to	EBV	in-
fection,	with	10	(100%)	of	early-onset	PTLD	sub-
jects	infected	with	EBV	infection,	compared	to	
22	(63%)	for	late-onset	PTLD	patients	(p=0.02).

discussion

In	the	present	era	of	solid	organ	transplantation,	
when	potent	immunosuppressants	form	the	back-
bone	of	transplant	anti-rejection	therapies,	post-
transplant	lymphoproliferative	disorder	(PTLD)	
has	emerged	as	a	progressively	more	imperative	
complication	of	transplantation,	significantly	af-
fecting	graft	and	patient	survival	[15,16].	The	dis-
ease	can	present	various	features	with	different	
localizations,	including	peripheral	lymph	node	
involvements,	as	well	as	extra-nodal	diseases	and	
early	and	late	onset	presentations.

EBV	infection	has	been	 implicated	as	a	major	
cause	of	 lymphoproliferative	disorders	based	
on	serologic	evidence,	EBNA	staining,	and	mo-
lecular	hybridization	[17–19].	Since	EBV	induc-
es	polyclonal	activations	of	B	cells	bearing	EBV	
receptors	[18]	in vitro	[21]	and	in vivo	[22],	the	
combined	immunologic	and	virologic	evidence	
strongly	implicates	EBV	as	the	causative	agents	
in	these	patients.	Since	absence	of	anti-EBV	anti-
body	production	in	seronegative	PTLD	patients	
may	reflect	 their	 impaired	humoral	 immunity	
system	[23,24],	the	impact	of	EBV	infection	on	
the	incidence	and	complications	related	to	the	
PTLDs	is	probably	underestimated.

In	our	analysis,	however,	we	did	not	aim	to	evalu-
ate	EBV	infection	and	its	role	in	the	development	
of	PTLDs;	thus,	analysis	of	our	international	data	
showed	that	EBV	infection	is	significantly	associat-
ed	with	early	onset	PTLD	occurrence.	This	finding	
is	in	accordance	with	the	current	concept	[25,26]	
that	 lymphomas	arising	early	after	 transplanta-
tion	are	almost	all	EBV-positive.	Experimental	
evidence	also	suggests	cytogenetic	abnormalities	

Variables 
EBV infection

Sig.
Positive Negative

N 	 32	 (71%) 	 13	 (29%)

Gender	(m%) 	 19	 (59%) 	 7	 (54%) 0.5

Age	 39±13 47±10 0.03

Time	to	PTLD	(mo) 58±57 114±73 0.02

Extranodular	involvement	 	 25	 (78%) 	 6	 (46%) 0.04

Remissions	

Any	remission 	 11	 (48%) 	 11	(100%) 0.003

Complete	remis. 	 10	 (44%) 	 7	 (64%) –

Partial	remis. 	 1	 (4%) 	 4	 (36%) –

Mortality	 	 18	 (56%) 	 6	 (50%) 0.7

Table 1.	characteristics	of	PTLD	patients	regarding	their	EBV	test	result.
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in	EBV-transformed	cells	are	related	to	distorted	
cellular	growth	patterns.	These	altered	functions	
can	lead	to	monoclonal	cytogenetic	abnormalities	
resulting	to	malignancies,	especially	in	the	early	
period	after	transplantation,	when	anti-rejection	
therapies	are	at	their	highest	levels.

We	also	found	that	EBV	infection	in	PTLD	pa-
tients	 is	associated	with	 lower	patient	 survival	
rates,	as	well	as	remission	of	the	PTLD.	Hanto	et	
al.	[27]	demonstrated	that	EBV	infection	is	signif-
icantly	associated	with	lethal	feature	for	PTLD,	
and	showed	that	the	clinical	course	of	young	pa-
tients	presented	early	after	transplantation	with	
an	infectious	mononucleosis-like	illness	charac-
terized	by	fever,	pharyngitis,	and	lymphadenop-
athy,	in	the	untreated	patients,	was	a	rapidly	pro-
gressive	and	lethal	lymphoproliferative	disorder.	
In	patients	with	adequate	immunologic	response,	
a	polyclonal	B-cell	proliferation	after	EBV	infec-
tion	was	demonstrated.

This	study	revealed	that	EBV	infection	is	signif-
icantly	associated	with	less	extra-nodal	localiza-
tion	of	the	PTLDs	as	the	initial	site	of	the	disor-
der,	compared	to	EBV-negative	patients.	Previous	
studies	are	in	contrast	with	this	finding,	suggest-
ing	that	EBV	infection	is	more	likely	to	involve	
allograft	as	 the	 initial	 site	of	PTLDs	[28].	Our	
results	suggest	that	EBV-infected	PTLD	patients	
have	more	progressive	and	lethal	disease.	One	
explanation	for	this	observation	is	that	our	anal-
ysis	was	only	performed	based	on	the	initial	site	
of	the	infection	and	did	not	include	metastases.	
Future	studies	 should	explore	whether	 initial	

localization	of	 the	PTLDs	may	significantly	af-
fect	patient	survival.

conclusions

This	study	showed	that	EBV	infection	is	a	major	
complication	in	post-transplant	lymphoprolifer-
ative	patients.	EBV-infected	transplant	patients	
with	 lymphoproliferative	disorders	 should	re-
ceive	more	intensive	follow-up.	
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