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Abstract
Background: Most	 patients	 with	 methotrexate-	associated	 lymphoproliferative	
disorder	 (MTX-	LPD)	 show	 diffuse	 large	 B-	cell	 lymphoma	 (DLBCL)	 or	 classic	
Hodgkin	lymphoma	(CHL)	types.	Patients	with	MTX-	LPD	often	have	spontane-
ous	remission	after	MTX	discontinuation,	but	chemotherapeutic	intervention	is	
frequently	required	in	patients	with	CHL-	type	MTX-	LPD.	In	this	study,	we	ex-
amined	whether	programmed	cell	death-	ligand	1	(PD-	L1)	expression	levels	were	
associated	with	the	prognosis	of	MTX-	LPD	after	MTX	discontinuation.
Methods: A	total	of	72 Japanese	patients	diagnosed	with	MTX-	LPD	were	clin-
icopathologically	 analyzed,	 and	 immunohistochemical	 staining	 of	 PD-	L1	 was	
performed	in	20	DLBCL-	type	and	24	CHL-	type	MTX-	LPD	cases	to	compare	with	
the	clinical	course.
Results: PD-	L1	was	expressed	in	5.0%	(1/20)	of	patients	with	DLBCL-	type	MTX-	
LPD,	whereas	 it	was	expressed	 in	66.7%	(16/24)	of	 the	patients	with	CHL-	type	
MTX-	LPD	in	more	than	51%	of	tumor	cells.	Most	CHL-	type	MTX-	LPD	patients	
with	high	PD-	L1	expression	required	chemotherapy	owing	 to	exacerbations	or	
relapses	after	MTX	discontinuation.	However,	no	significant	differences	in	clin-
icopathologic	findings	at	diagnosis	were	observed	between	PD-	L1 high-		and	low-	
expression	CHL-	type	MTX-	LPD.
Conclusion: PD-	L1	expression	was	significantly	higher	 in	patients	with	CHL-	
type	than	DLBCL-	type	MTX-	LPD,	suggesting	the	need	for	chemotherapy	in	addi-
tion	to	MTX	discontinuation	in	CHL-	type	MTX-	LPD	patients	to	achieve	complete	
remission.	 No	 association	 was	 observed	 between	 PD-	L1	 expression	 levels	 and	
clinical	 findings	 at	 diagnosis,	 suggesting	 that	 PD-	L1	 expression	 in	 tumor	 cells	
influences	the	pathogenesis	of	CHL-	type	MTX-	LPD	after	MTX	discontinuation.
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1 	 | 	 INTRODUCTION

Methotrexate	 (MTX)	 is	 an	 immunosuppressive	 antifo-
late	frequently	used	as	an	antirheumatic	agent.	Although	
MTX	is	widely	used	as	an	“anchor	drug”	for	rheumatoid	
arthritis	(RA)	worldwide,	its	adverse	effects	include	mye-
losuppression,	interstitial	pneumonia	(MTX	pneumonia),	
and	 infectious	 diseases	 related	 to	 immunosuppression.	
Furthermore,	 in	 recent	 years,	 the	 number	 of	 cases	 re-
porting	 MTX-	associated	 lymphoproliferative	 disorders	
(MTX-	LPD)	has	increased	rapidly	in	Japan.1–	6	MTX-	LPD	
is	also	classified	as	“other	 iatrogenic	 immunodeficiency-	
associated	 lymphoproliferative	 disorder”	 in	 the	 4th	 edi-
tion	 of	 the	 World	 Health	 Organization	 classification.7	
However,	it	is	difficult	to	determine	whether	MTX-	LPD	is	
caused	by	the	autoimmune	disease	or	the	treatment	with	
immunosuppressive	drugs.	Various	risk	factors,	including	
chronic	 infection	 with	 Epstein–	Barr	 virus	 (EBV),	 older	
age,	and	disease	activity	of	RA,	have	been	reported.8–	11	A	
Japanese	study	reported	that	treatment	with	immunosup-
pressive	agents,	such	as	MTX	and	tacrolimus,	can	increase	
the	risk	of	lymphoma	development	in	patients	with	RA.8

MTX-	LPD	 exhibits	 various	 histopathological	 features.	
The	most	commonly	reported	histological	subtype	 is	dif-
fuse	large	B-	cell	lymphoma	(DLBCL;	35%–	60%),	followed	
by	classic	Hodgkin	lymphoma	(CHL;	12%–	25%).7	Although	
MTX-	LPD	 has	 similar	 histopathology	 to	 that	 of	 de	 novo	
lymphoma,	many	patients	exhibit	spontaneous	remission	
after	 MTX	 discontinuation.4,12,13	 We	 previously	 reported	
for	 the	 first	 time	 that	patients	with	CHL-	type	MTX-	LPD	
are	less	likely	to	exhibit	remission	after	MTX	discontinua-
tion	and	require	additional	chemotherapy.14	We	also	found	
that	CHL-	type	MTX-	LPD	more	frequently	involves	extran-
odal	sites	as	compared	to	that	of	de	novo	CHL.	However,	
the	underlying	pathophysiology	remains	unclear.

The	programmed	cell	death-	1	(PD-	1)/programmed	cell	
death-	ligand	 1	 (PD-	L1)	 pathway	 in	 various	 tumors	 have	
recently	attracted	attention.	PD-	L1	 is	highly	expressed	 in	
Hodgkin/Reed-	Sternberg	 (HRS)	 cells	 found	 in	 de	 novo	
CHL.15–	17	Mutations	in	the	PD- L1	and	PD- L2 loci	are	char-
acteristic	of	de	novo	CHL,	and	9p24.1 gene	amplification	
is	more	prominently	detected	in	advanced-	stage	patients.	
Progression-	free	survival	is	significantly	shorter	in	patients	
with	 9p24.1	 amplification.18	 In	 addition,	 a	 recent	 study	
noted	that	anti-	PD-	1	antibody	could	be	an	effective	treat-
ment	option	for	de	novo	CHL.19	Therefore,	we	investigated	
the	 relationship	 between	 PD-	L1	 expression	 and	 clinical	

features	 of	 DLBCL-	type	 and	 CHL-	type	 MTX-	LPD.	 This	
study	 focused	 on	 examining	 the	 role	 of	 PD-	1/PD-	L1	 in	
CHL-	type	MTX-	LPD	prognosis	after	MTX	discontinuation.

2 	 | 	 MATERIALS AND METHODS

2.1	 |	 Patients

We	analyzed	72	patients	who	were	diagnosed	with	MTX-	
LPD;	39	patients	had	DLBCL-	type	MTX-	LPD	(Figure 1),	
whereas	 the	 remaining	 33  had	 CHL-	type	 MTX-	LPD	
(Figure  2).	 The	 Eastern	 Cooperative	 Oncology	 Group	
performance	 status,	 clinical	 stage	 (CS),	 International	
Prognostic	Score,	and	laboratory	data	were	collected	from	
medical	records.

The	study	protocol	was	approved	by	 the	 Institutional	
Review	 Board	 of	 Okayama	 University	 (reference	 num-
bers:	 1607-	016	 and	 2007-	033).	 Comprehensive	 informed	
consent	was	obtained	from	all	patients	through	an	opt-	out	
methodology	at	Okayama	University.

2.2	 |	 Histological examination

Tissue	 specimens	 were	 fixed	 in	 10%	 formaldehyde,	 em-
bedded	in	paraffin,	and	cut	into	3-	μm	thick	sections.	Each	
section	was	further	stained	with	hematoxylin	and	eosin.	
Immunohistochemical	staining	was	performed	on	paraf-
fin	 sections	 using	 antibodies	 against	 CD3	 (1:200,	 LN10;	
Novocastra),	CD5	(1:100,	4C7;	Novocastra),	CD10	(1:100,	
56C6;	 Novocastra),	 CD15	 (1:50,	 Carb-	3;	 DAKO),	 CD20	
(1:100,	L26;	DAKO),	CD30	(1:40,	Ber-	H2;	DAKO),	CD79a	
(1:100,	 JCB117;	 DAKO),	 Ki-	67	 (1:2500,	 MIB-	1;	 DAKO),	
and	PD-	L1	(1:400,	E1LN3;	Cell	Signaling	Technology)	and	
samples	 were	 analyzed	 using	 a	 Bond	 III	 Stainer	 (Leica	
Biosystems).

2.3	 |	 Evaluation of PD- L1 expression

The	expression	of	PD-	L1	was	examined	in	20	DLBCL-	type	
and	24	CHL-	type	MTX-	LPD	cases	and	the	percentage	of	
PD-	L1-	positive	 tumor	 cells	 was	 recorded	 in	 each	 case.	
Cases	were	scored	and	classified	into	four	categories	de-
pending	on	the	percentage	of	PD-	L1-	positive	tumor	cells:	
score	1,	PD-	L1-	positive	rate	≤25%;	score	2,	26%–	50%;	score	
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3,	51%–	75%;	and	score	4,	≥76%	(Figure 3).	Cases	were	de-
fined	as	“PD-	L1 high	expression	group”	if	the	patient	had	
a	PD-	L1-	positive	rate	≥51%	(score	3	or	4)	and	were	defined	
as	 “PD-	L1  low	 expression	 group”	 for	 cases	 with	 PD-	L1-	
positive	rate	≤50%	(score	1	or	2).

Cells	 in	 the	 microenvironment,	 such	 as	 histiocytes,	
also	 express	 PD-	L1;	 therefore,	 the	 specimens	 were	 also	
analyzed	 for	 PD-	L1	 expression	 in	 the	 microenviron-
ment.	 Cases	 were	 defined	 as	 “microenvironment	 PD-	L1	
positive”	 when	 accompanied	 by	 non-	neoplastic	 PD-	L1-	
positive	 cells.	 Microenvironment	 PD-	L1	 expression	 was	

differentiated	 from	 tumor	 cell	 expression	 by	 evaluating	
morphology,	 low	 nuclear/cytoplasmic	 ratio,	 and	 non-	
atypical	nuclei	without	atypia.

2.4	 |	 Detection of EBV infection pattern 
in CHL- type MTX- LPD

Immunohistochemical	staining	of	latent	membrane	protein	
1	(LMP1;	1:50,	CS1-	4,	Novocastra),	EBV	nuclear	antigen	2	
(EBNA2;	1:100,	PE2,	Abcam),	and	in	situ	hybridization	of	

F I G U R E  1  Morphological	
definition	of	diffuse	large	B-	cell	
lymphoma-	type	methotrexate-	associated	
lymphoproliferative	disorders.	(A)	
Hematoxylin	and	eosin-	stained	specimens	
showed	large	atypical	lymphoid	cells	
exhibiting	monomorphic	and	sheet-	like	
proliferation.	Tumor	cells	were	(B)	CD20-	
positive,	(C)	had	a	high	Ki-	67 labeling	
index	and	(D)	were	also	positive	for	
Epstein–	Barr	Virus-	encoded	small	RNA	in	
situ	hybridization

F I G U R E  2  Morphological	
definition	of	classic	Hodgkin	lymphoma-	
type	methotrexate-	associated	
lymphoproliferative	disorders.	(A)	
Hematoxylin	and	eosin	staining	at	low-	
power	field	and	(B)	at	high-	power	field.	
Hodgkin	and	Reed-	Sternberg	(HRS)	cells	
were	observed	in	cellular	backgrounds	
rich	in	lymphocytes	and	histiocytes.	HRS	
cells	were	(C)	CD30-	positive	and	(D)	
positive	for	Epstein–	Barr	virus-	encoded	
small	RNA	in	situ	hybridization
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EBV-	encoded	 small	 RNA	 (EBER1;	 Novocastra)	 were	 per-
formed	using	an	automated	Bond	III	Stainer.

EBV	 infection	 patterns	 were	 classified	 into	 three	 types	
based	on	the	results	of	immunostaining	and	in	situ	hybridiza-
tion:	type	I	(EBER-	positive,	LMP1-	negative,	EBNA2-	negative);	
type	II	(EBER-	positive,	LMP1-	positive,	EBNA2-	negative);	and	
type	III	(EBER-	positive,	LMP1-	positive,	EBNA2-	positive).

2.5	 |	 Statistical analyses

Differences	 between	 laboratory	 data	 and	 patient	 char-
acteristics	 at	 each	 CS	 were	 analyzed	 using	 the	 Mann–	
Whitney	test.	The	correlation	between	the	PD-	L1-	positive	
rate	 and	 clinical	 course	 after	 MTX	 discontinuation	 was	
determined	using	Fisher's	exact	test.

Overall	survival	was	defined	as	the	time	from	MTX-	LPD	
diagnosis	to	death	or	final	follow-	up.	The	period	up	to	che-
motherapy	start	was	defined	as	 the	 time	 from	MTX-	LPD	
diagnosis	to	chemotherapy	start	or	death	or	final	follow-	up.	
Follow-	up	 duration	 was	 calculated	 as	 the	 time	 of	 MTX-	
LPD	diagnosis	to	death	from	any	cause	or	final	follow-	up.	
Survival	 curves	 were	 evaluated	 using	 the	 Kaplan–	Meier	
method	and	compared	using	log	rank	tests.	Statistical	anal-
yses	were	performed	using	SPSS	(version	14.0;	SPSS).

3 	 | 	 RESULTS

3.1	 |	 Patient characteristics

All	patients	received	MTX;	33	patients	received	MTX	mono-
therapy,	26	patients	received	a	combination	of	prednisolone	

and	MTX,	and	19	patients	received	MTX	with	other	disease-	
modifying	antirheumatic	drugs	such	as	infliximab,	etaner-
cept,	adalimumab,	tacrolimus,	or	bucillamine.

The	median	age	of	the	entire	study	was	67 years	(32–	
84 years),	and	there	was	no	difference	between	MTX-	LPD	
subtypes.	 There	 was	 a	 higher	 proportion	 of	 female	 pa-
tients	than	male	patients	in	both	subtypes	(Table 1).	The	
Eastern	Cooperative	Oncology	Group	performance	status	
and	 CS	 were	 not	 significantly	 different	 between	 MTX-	
LPD	subtypes.	A	CS	≥3	was	observed	in	74.4%	(29/39)	of	
patients	with	DLBCL-	type	and	72.7%	(24/33)	of	patients	
with	CHL-	type	MTX-	LPD	(Table 1).

3.2	 |	 Clinicopathological 
characteristics of DLBCL- type MTX- LPD

3.2.1	 |	 Clinical	characteristics	of	DLBCL-	
type	MTX-	LPD

The	median	age	of	patients	with	DLBCL-	type	MTX-	LPD	
was	 69  years	 (55–	82  years)	 with	 a	 predominance	 of	 fe-
males	 (29/39;	 74.4%).	 Twelve	 of	 these	 patients	 (12/31;	
30.8%)	had	an	Eastern	Cooperative	Oncology	Group	per-
formance	 status	 ≥2.	 Twenty-	two	 of	 the	 patients	 (22/39;	
56.4%)	 had	 extranodal	 lesions	 at	 sites	 such	 as	 the	 lung,	
liver,	bone	marrow,	kidney,	adrenal	gland,	and	skin.	The	
percentage	of	patients	with	CS	III	or	IV	was	74.4%	(29/39).

Of	the	39	patients	with	DLBCL-	type	MTX-	LPD,	38 had	
RA,	and	1 had	both	polymyositis	and	Sjögren's	syndrome.	
All	patients	were	taking	MTX	for	these	autoimmune	dis-
eases,	and	18	of	the	patients	were	also	taking	other	anti-	RA	
drugs	 such	 as	 prednisolone,	 bucillamine,	 tacrolimus,	

F I G U R E  3  Evaluation	of	
programmed	cell	death-	ligand	1	(PD-	
L1)	positive	scores	in	classic	Hodgkin	
lymphoma-	type	methotrexate-	associated	
lymphoproliferative	disorders.	The	
evaluation	was	scored	as	follows:	(A)	
score	1	for	PD-	L1-	positive	rate	≤25%,	
(B)	score	2	for	26%–	50%,	(C)	score	3	for	
51%–	75%,	and	(D)	score	4	for	≥76%.	Black	
arrow	indicates	PD-	L1-	positive	Hodgkin	
and	Reed-	Sternberg	(HRS)	cells	and	white	
arrow	indicates	PD-	L1-	negative	HRS	cells
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etanercept,	adalimumab,	 infliximab,	salazosulfapyridine,	
and	celecoxib.

The	median	lactate	dehydrogenase	(LDH)	level	at	the	
time	of	MTX-	LPD	diagnosis	was	329 IU/L	(168–	880 IU/L),	
with	74.3%	(26/35)	of	patients	showing	higher	levels	than	
the	upper	normal	limit.	The	median	soluble	interleukin-	2	
receptor	(sIL-	2R)	level	was	2604 U/ml	(252–	40,727 U/ml),	
with	90.9%	(30/33)	of	patients	showing	a	higher	level	than	
the	reference	value	(Table 1).

3.2.2	 |	 Clinical	courses	after	MTX	
discontinuation	in	DLBCL-	type	MTX-	LPD

In	 33	 out	 of	 39	 patients	 with	 DLBCL-	type	 MTX-	LPD,	
MTX	 treatment	 was	 discontinued	 after	 the	 diagnosis	 of	

MTX-	LPD.	Of	these	patients,	27/33	(81.8%)	showed	spon-
taneous	 disappearance	 of	 lesions	 after	 MTX	 discontinu-
ation	and	did	not	need	chemotherapy.	Additionally,	one	
patient	 had	 partial	 remission	 and	 subsequently	 received	
chemotherapy.	 In	 5/33	 (15.1%)	 patients	 the	 lesions	 did	
not	 regress	 or	 even	 progressed	 after	 MTX	 discontinua-
tion,	and	these	patients	received	treatment	equivalent	to	
chemotherapy	for	de	novo	DLBCL.	Of	those	who	received	
additional	chemotherapy,	4/5	(80.0%)	experienced	remis-
sion	and	1/5	(20.0%)	died	owing	to	secondary	leukemia.

Moreover,	 6/39	 patients	 with	 DLBCL-	type	 MTX-	LPD	
were	critically	ill	at	the	time	of	diagnosis,	for	which	they	
required	 immediate	 chemotherapy	 in	 addition	 to	 MTX	
discontinuation.	 After	 chemotherapy,	 5/6	 (83.3%)	 of	
these	patients	exhibited	remission,	and	one	died	owing	to	
DLBCL-	type	MTX-	LPD.

T A B L E  1 	 Clinical	characteristics

All patients
(n = 72)

DLBCL- type
(n = 39)

CHL- type
(n = 33) p- value

Age 67	(32–	84) 69	(55–	82) 64	(32–	84) 0.08

Sex	(male/female) 21/51 10/29 11/22 0.60

PS	≥2 28.8%	(17/59) 38.7%	(12/31) 17.9%	(5/28) 0.09

Clinical	stage	≥3 73.6%	(53/72) 74.4%	(29/39) 72.7%	(24/33) 1.00

Extranodal	disease 45.8%	(33/72) 56.4%	(22/39) 33.3%	(11/33) 0.06

Extranodal	disease	≥2 12 6 6

LDH	above	normal 66.2%	(45/68) 74.3%	(26/35) 57.6%	(19/33) 0.20

sIL−2R	above	normal 86.2%	(56/65) 90.9%	(30/33) 81.3%	(26/32) 0.30

B	symptom	positive 53.4%	(31/58) 53.1%	(17/32) 53.8%	(14/26) 1.00

EBER	positive 88.1%	(59/67) 85.3%	(29/34) 90.9%	(30/33) 0.71

Treatment	for	autoimmune	disease

MTX 100%

Prednisolone 36.1%	(26/72) 23.1%	(9/39) 51.5%	(17/33) 0.02

Other	immunosuppressive	drugs 26.4%	(19/72) 25.6%	(10/39) 27.3%	(9/33) 1.00

Clinical	response	to	MTX	discontinuation 0.09

Complete	remission/partial	remission 74.2%	(49/66) 84.8%	(28/33) 63.9%	(21/33)

Stable	disease/progressive	disease 25.8%	(17/66) 15.2%	(5/33) 36.4%	(12/33)

Additional	treatment	after	diagnosis	of	
MTX-	LPD

0.004

No	therapy 52.8%	(38/72) 69.2%	(27/39) 33.3%	(11/33)

Chemotherapy 47.2%	(34/72) 30.8%	(12/39) 66.7%	(22/33)

Clinical	response	to	additional	chemotherapy 0.39

Complete	response 82.3%	(28/34) 91.7%	(11/12) 77.2%	(17/22)

Progressive	disease 17.6%	(6/34) 8.3%	(1/12) 22.7%	(5/22)

Outcome 0.72

Alive 63 35 28

Died 9 4 5

Note: High	lactate	dehydrogenase	(LDH)	levels	and	soluble	interleukin-	2	receptor	(sIL-	2R)	levers	were	defined	as	values	equal	to	or	greater	than	the	reference	
value.
Abbreviations:	CHL,	classic	Hodgkin	lymphoma;	DLBCL,	diffuse	large	B-	cell	lymphoma;	EBER,	Epstein–	Barr	Virus-	encoded	small	RNA	in	situ	hybridization;	
MTX,	methotrexate;	PS,	Eastern	Cooperative	Oncology	Group	performance	status.
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3.2.3	 |	 Immunohistochemical	phenotype

Atypical	lymphoid	cells	showed	monomorphic	and	dif-
fused	 proliferation	 (Figure  1).	 Immunohistochemical	
staining	 showed	 that	 0%	 (0/39),	 7.4%	 (2/27),	 3.3%	
(3/24),	 and	 89.7%	 (35/39)	 of	 samples	 were	 positive	 for	
CD3,	CD5,	CD10,	and	CD20,	 respectively.	All	 cases	of	
DLBCL-	type	 MTX-	LPD	 showed	 a	 high	 Ki-	67  labeling	
index	 (>30%),	 with	 an	 EBER-	positive	 rate	 of	 85.3%	
(Table 1).

3.3	 |	 Clinicopathological 
characteristics of CHL- type MTX- LPD

3.3.1	 |	 Clinical	characteristics	of	CHL-	type	
MTX-	LPD

The	clinical	data	of	33	patients	with	CHL-	type	MTX-	LPD	
analyzed	in	this	study	are	shown	in	Tables 1	and	2.	The	
median	age	was	64 years	(32–	84 years),	with	a	predomi-
nance	of	females	(22/33;	66.7%).

Of	 the	 33	 patients	 with	 CHL-	type	 MTX-	LPD,	 31  had	
RA	and	of	these	31	patients,	two	had	Sjögren's	syndrome,	
one	had	scleroderma,	and	one	had	chronic	thyroiditis.	The	
other	two	patients	without	RA	had	either	psoriatic	arthri-
tis	or	SAPHO	syndrome.

All	patients	were	taking	MTX	for	these	autoimmune	
diseases,	 and	 21/33	 (63.6%)	 patients	 were	 also	 taking	
other	anti-	RA	drugs	such	as	prednisolone,	bucillamine,	
tacrolimus,	 iguratimod,	 etanercept,	 adalimumab,	 or	
infliximab.

The	 patients	 underwent	 biopsies	 of	 either	 the	 lymph	
nodes,	 bone	 marrow,	 cerebellum,	 skin,	 or	 nasopharynx.	
Extranodal	 lesions	 were	 observed	 in	 11/33	 (33.3%)	 pa-
tients,	including	in	the	lung,	liver,	bone	marrow,	pharynx,	
kidney,	adrenal	gland,	cerebellum,	and	skin,	and	 two	or	
more	 extranodal	 lesions	 were	 observed	 in	 6/11	 (54.5%)	
patients.	Of	the	33	patients,	24/33	(72.8%)	were	CS	III	or	
IV	and	5/28	(17.9%)	had	an	Eastern	Cooperative	Oncology	
Group	performance	status	of	≥2.

Anemia	 with	 hemoglobin	 levels	 <10.5  g/dl	 was	 ob-
served	 in	 9/30	 (30%)	 patients	 with	 CHL-	type	 MTX-	LPD.	
Low	total	lymphocyte	count	(<600/mm2	or	8%	of	leuko-
cytes)	was	observed	 in	17.6%	 (5/28)	of	 the	patients.	The	
median	LDH	level	at	the	time	of	MTX-	LPD	diagnosis	was	
230  IU/L	 (114–	465  IU/L),	 with	 57.6%	 (19/33)	 of	 the	 pa-
tients	showing	higher	levels	than	the	upper	normal	limit.	
In	addition,	sIL-	2R	levels	were	measured	in	32	cases.	The	
median	value	of	sIL-	2R	was	1806 U/ml	(233–	18,900 U/ml),	
and	26/32	(81.3%)	patients	showed	higher	values	than	the	
reference	values	(Table 1).

3.3.2	 |	 Clinical	courses	after	MTX	
discontinuation	in	CHL-	type	MTX-	LPD

In	 all	 patients	 with	 CHL-	type	 MTX-	LPD,	 MTX	 was	 dis-
continued	 immediately	after	 the	diagnosis	of	MTX-	LPD.	
Spontaneous	remission	was	observed	in	9/33	(27.3%)	pa-
tients	after	MTX	discontinuation,	and	these	patients	had	
no	relapse;	therefore,	they	did	not	require	chemotherapy	
(Table 2).

Relapse	 after	 lesion	 reduction	 was	 observed	 in	 12/33	
patients	(36.4%)	and	11	(91.7%)	of	these	relapsed	patients	
received	 similar	 chemotherapy	 to	 that	 for	 de	 novo	 CHL	
(such	as	ABVD	and	ABVd).	Subsequently,	9/11	(81.8%)	of	
these	 patients	 experienced	 complete	 remission,	 and	 the	
other	 two	 (18.2%)	 exhibited	 disease	 progression	 or	 died.	
One	patient	did	not	receive	chemotherapy	given	her	age	
and	immunocompromised	status	owing	to	long-	term	RA	
treatment.

Despite	 MTX	 discontinuation,	 12/33	 (36.4%)	 patients	
with	 CHL-	type	 MTX-	LPD	 showed	 disease	 progression.	
Of	these	patients,	7/12	(58.3%)	experienced	complete	re-
mission	 after	 chemotherapy,	 two	 patients	 died	 during	
chemotherapy,	one	patient	did	not	respond	to	chemother-
apy,	one	patient	was	being	followed	after	chemotherapy,	
and	one	patient	was	being	 followed	without	undergoing	
chemotherapy.

A	total	of	22/33	(66.7%)	patients	with	CHL-	type	MTX-	
LPD	analyzed	 in	 this	study	received	chemotherapy	after	
MTX	discontinuation,	and	the	median	length	of	time	up	
to	the	start	of	chemotherapy	was	2.5 months.	In	addition,	
5/33	 (15.1%)	 patients	 died	 during	 or	 after	 chemother-
apy.	The	 cause	 of	 death	 included	 cholecystitis,	 bacterial	
pneumonia,	 and	 disseminated	 intravascular	 coagulation	
syndrome.

No	 significant	 differences	 in	 LDH	 and	 sIL-	2R	 levels	
were	observed	between	the	stage	I/II	and	III/IV	groups.	In	
addition,	we	also	examined	the	correlation	between	LDH	
and	sIL-	2R	values	and	that	of	 the	clinical	response	after	
MTX	 discontinuation;	 no	 statistically	 significant	 differ-
ences	were	observed.

3.3.3	 |	 Immunohistochemical	phenotype

In	 all	 cases	 of	 patients	 with	 CHL-	type	 MTX-	LPD,	 the	
histopathological	 morphology	 was	 similar	 to	 that	 of	
de	novo	CHL.	HRS	cells	were	observed	and	 found	to	be	
CD30-	positive	 and	 partially	 CD15-	positive	 or	 -	negative	
(Figure 2).	In	addition,	13/32	(40.6%)	patients	were	CD20-	
positive,	and	10/27	(37.0%)	patients	were	CD79a-	positive.

It	 was	 difficult	 to	 distinguish	 between	 polymorphic	
B-	cell	 LPD	 and	 CHL-	type	 because	 CD30-	positive	 HRS	
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cell	was	frequently	observed	in	polymorphic	B-	cell	LPD.	
However,	polymorphic	B-	cell	LPD	was	frequently	accom-
panied	 by	 CD20-	positive	 medium	 to	 large	 sized	 atypical	
monomorphic	 cells,	 which	 were	 not	 observed	 in	 CHL-	
type.	Based	on	these	findings,	we	diagnosed	CHL-	type	in	
this	study.

The	 nuclei	 of	 HRS	 cells	 were	 positive	 for	 EBER	
(Figure 2D)	and	the	positive	rates	 for	EBER,	LMP1,	and	
EBNA2	were	93.5%	(29/31),	82.6%	(24/29),	and	0%	(0/27),	
respectively.	EBV	latency	pattern	was	analyzed	in	25	cases;	
2	cases	had	type	I,	23	cases	had	type	II,	and	none	had	a	
type	III	pattern	(Table 2).

3.4	 |	 Analysis of PD- L1 expression

3.4.1	 |	 Relationship	between	PD-	L1	
expression	and	clinical	course	in	DLBCL-	type	
MTX-	LPD

Of	 the	 20	 patients	 with	 DLBCL-	type	 MTX-	LPD,	 19	 pa-
tients	 had	 a	 PD-	L1	 positivity	 rate	 score	 of	 1	 (Table  3;	
Figure  4A–	C).	 Most	 tumor	 cells	 were	 PD-	L1-	negative,	
and	a	few	were	weakly	PD-	L1-	positive	on	the	membrane;	
1/20	patients	had	a	score	of	4	(Figure 4D–	F).	In	this	pa-
tient,	 tumor	 cells	 had	 a	 diffuse,	 weakly	 PD-	L1-	positive	
pattern	with	a	scattered	strongly	PD-	L1-	positive	pattern.	
The	prognosis	could	not	be	compared	owing	to	the	biased	
expression	 score	 of	 PD-	L1,	 but	 one	 patient	 with	 a	 score	
of	4	was	 in	a	state	requiring	chemotherapy	 immediately	
at	the	time	of	MTX-	LPD	diagnosis.	Although	this	patient	
did	receive	chemotherapy,	the	patient	later	died	owing	to	
DLBCL-	type	MTX-	LPD.

Among	 DLBCL-	type	 MTX-	LPD	 cases,	 14/20	 (70.0%)	
had	a	PD-	L1-	positive	microenvironment.	Morphologically,	
it	 was	 speculated	 that	 histiocytes	 and	 fibroblasts	 could	
show	PD-	L1	positivity	in	the	microenvironment	(Table 3;	
Figure 5A,B).	The	period	up	to	the	start	of	chemotherapy	
and	 overall	 survival	 period	 were	 examined	 between	 the	
microenvironment	 PD-	L1-	positive	 group	 and	 the	 neg-
ative	 group,	 but	 no	 significant	 difference	 was	 observed	
(Figure 5C,D).

3.4.2	 |	 Relationship	between	PD-	L1	
expression	and	clinical	course	in	CHL-	type	
MTX-	LPD

In	 CHL-	type	 MTX-	LPD	 cases,	 all	 patients	 with	 HRS	
cells	 were	 found	 to	 be	 positive	 for	 PD-	L1.	 No	 case	 with	
a	PD-	L1-	positive	rate	of	<5%	was	 found.	However,	even	
in	HRS	cells,	 the	expression	varied	 from	strong	 to	weak	
expression.	Of	 the	24	patients	with	CHL-	type	MTX-	LPD	C

as
e 

no
.

A
ge

/s
ex

Pr
im

ar
y 

im
m

un
e 

di
so

rd
er

s
Im

m
un

om
od

ul
at

or

E
xt

ra
no

da
l 

in
vo

lv
em

en
t 

si
te

C
lin

ic
al

 
st

ag
e

E
B

V
 

la
te

nc
y 

pa
tt

er
n

R
es

po
ns

e 
af

te
r 

M
T

X
 

di
sc

on
ti

nu
at

io
n

R
el

ap
se

 
af

te
r 

M
T

X
 

di
sc

on
ti

nu
at

io
n

C
he

m
o 

th
er

ap
y

O
ut

co
m

e,
 

fo
llo

w
- u

p 
du

ra
ti

on

32 41
/M

SA
PH

O
	

sy
nd

ro
m

e
M

TX
,	P

SL
Ⅰ

Ⅱ
C

R
+

A
BV

D
C

R
,	6

 y
ea

rs

33 73
/F

R
A

M
TX

Ⅰ
U

.D
.

PR
C

R
,	1

 m
on

th

A
bb

re
vi

at
io

ns
:	A

BV
D

,	A
dr

ia
m

yc
in

 +
 b

le
om

yc
in

 +
 v

in
bl

as
tin

e 
+

 d
ac

ar
ba

zi
ne

;	A
D

R
,	d

ox
or

ub
ic

in
e;

	C
R

,	c
om

pl
et

e	
re

sp
on

se
;	C

Y,
	c

yc
lo

ph
os

ph
am

id
e;

	M
TX

,	m
et

ho
tr

ex
at

e;
	P

D
,	p

ro
gr

es
si

ve
	d

is
ea

se
;	P

R
,	p

ar
tia

l	r
es

po
ns

e;
	

PS
L,

	p
re

dn
is

ol
on

e;
	R

A
,	r

he
um

at
oi

d	
ar

th
ri

tis
;	S

D
,	s

ab
le

	d
is

ea
se

;	S
S,

	S
jö

gr
en

's	
sy

nd
ro

m
e.

TA
BL

E	
2	

(C
on

tin
ue

d)



426 |   GION et al.

examined	 in	 this	 study,	 10	 patients	 (41.7%)	 had	 a	 PD-	
L1	 positivity	 rate	 of	 score	 4,	 6	 (25.0%)	 had	 a	 score	 of	 3,	
1	(4.2%)	had	a	score	of	2,	and	7	(29.1%)	had	a	score	of	1	
(Table 3).	Figure 6A	shows	the	clinical	management	and	
prognosis	 after	 MTX	 discontinuation	 of	 patients	 with	
CHL-	type	 MTX-	LPD	 based	 on	 PD-	L1	 positivity.	 In	 the	
PD-	L1 high-	expression	group,	patients	were	less	likely	to	
achieve	remission,	although	there	was	no	significant	dif-
ference	compared	with	that	in	the	PD-	L1 low-	expression	
group	(p = 0.210).	We	also	 investigated	whether	relapse	
or	the	need	for	chemotherapy	after	MTX	discontinuation	
was	associated	with	PD-	L1	expression	levels.	Our	findings	

T A B L E  3 	 PD-	L1	expression

DLBCL- type
(n = 20)

CHL- type
(n = 24) p- value

Tumor	cells <0.01

Score	1 19 7

Score	2 0 1

Score	3 0 6

Score	4 1 10

Microenvironment 14 24 0.014

Abbreviations:	CHL,	classic	Hodgkin	lymphoma;	DLBCL,	diffuse	large	B-	
cell	lymphoma;	PD-	L1,	programmed	cell	death-	ligand	1.

F I G U R E  4  Programmed	cell	death-	ligand	1	(PD-	L1)	staining	results	in	diffuse	large	B-	cell	lymphoma-	type	methotrexate-	associated	
lymphoproliferative	disorders	(DLBCL-	type	MTX-	LPD).	DLBCL-	type	MTX-	LPD	with	PD-	L1 score	1:	(A)	hematoxylin	and	eosin	staining	
showing	tumor	cells	(B)	positive	for	Epstein–	Barr	virus-	encoded	small	RNA	(EBER)	in	situ	hybridization	and	(C)	weakly	positive	PD-	L1	
cells	(score	1).	DLBCL-	type	MTX-	LPD	with	PD-	L1 score	4:	(D)	hematoxylin	and	eosin	staining	showing	tumor	cells	(E)	negative	for	EBER,	
(F)	partially	strongly	positive,	and	diffusely	weakly	positive	for	PD-	L1
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showed	 that	 there	 were	 significantly	 more	 relapses	 in	
the	PD-	L1 high-	expression	group	than	in	the	PD-	L1 low-	
expression	 group	 after	 MTX	 discontinuation,	 requiring	
additional	chemotherapy	(Figure 6A,	p < 0.05).	However,	
the	overall	survival	was	not	significantly	different	between	
the	 PD-	L1  high-		 and	 low-	expression	 groups	 (Figure  6B,	
p  =  0.807).	 Furthermore,	 the	 time	 period	 until	 patients	
received	additional	chemotherapy	was	1.84 months	in	the	
PD-	L1 high-	expression	group	and	3.89 months	in	the	PD-	
L1 low-	expression	group	after	MTX	discontinuation.	The	
higher	the	PD-	L1-	positive	rate,	the	shorter	the	period	re-
quired	for	chemotherapy	initiation	(Figure 6C,	p = 0.036).

We	 compared	 clinical	 findings,	 such	 as	 performance	
status	and	CS	at	the	time	of	diagnosis	of	CHL-	type	MTX-	
LPD,	 between	 the	 groups,	 that	 is,	 the	 PD-	L1  high-		 and	
low-	expression	 groups.	 However,	 although	 there	 were	
no	characteristic	differences	in	clinical	findings	between	
these	 groups,	 the	 sIL-	2R	 values	 at	 the	 time	 of	 diagnosis	
tended	to	be	higher	 in	the	PD-	L1 high-	expression	group	
than	in	the	PD-	L1 low-		expression	group	(Table 4).

In	all	24	cases	of	CHL-	type	MTX-	LPD	examined,	PD-	
L1	 positivity	 was	 also	 noted	 in	 the	 microenvironment	
(Table  3).	 PD-	L1-	positive	 cells	 in	 the	 microenvironment	
were	 mainly	 macrophages,	 epithelioid	 cells,	 and	 histio-
cytes.	 Furthermore,	 12	 cases	 that	 had	 PD-	L1-	positive	
histiocytes	with	a	rosette	structure	surrounding	the	HRS	
cells	(Figure 7A)	were	compared	with	12	cases	in	which	
histiocytes	 surrounding	 HRS	 cells	 were	 PD-	L1-	negative	
(Figure  7B);	 no	 significant	 difference	 was	 observed	 in	

the	lesion	reduction	effect	after	MTX	discontinuation	be-
tween	the	groups	(p = 0.457).	The	overall	survival	rate	and	
the	period	until	 the	start	of	chemotherapy	were	also	ex-
amined	between	the	PD-	L1-	positive	and	-	negative	groups	
around	the	HRS	cells,	but	no	significant	differences	were	
observed	(Figure 7C,D).

4 	 | 	 DISCUSSION

MTX-	LPD	has	various	tissue	morphologies,	but	the	details	
of	each	are	not	fully	understood.	We	previously	reported	
that	CHL-	type	MTX-	LPD	has	a	poor	clinical	response	after	
MTX	discontinuation	and	requires	an	earlier	chemothera-
peutic	intervention	than	that	of	DLBCL-	type	MTX-	LPD.14	
Because	 of	 the	 rarity	 of	 MTX-	LPD,	 previous	 reports	 are	
mainly	case	reports	or	series.	In	this	study,	we	analyzed	72	
cases	diagnosed	with	MTX-	LPD	and	examined	their	clin-
icopathological	features.

Although	DLBCL-	type	MTX-	LPD	showed	the	same	tis-
sue	morphology	as	de	novo	DLBCL,	most	cases	achieved	
remission	after	MTX	discontinuation.	These	patients	were	
less	 likely	 to	relapse	and,	hence,	did	not	require	chemo-
therapy.	 Of	 the	 DLBCL-	type	 MTX-	LPD	 analyzed	 in	 this	
study,	only	one	case	had	high-	PD-	L1	expression	levels	in	
tumor	 cells.	 The	 patient	 was	 seriously	 ill	 at	 the	 time	 of	
MTX-	LPD	diagnosis,	and	chemotherapy	was	immediately	
administered;	therefore,	the	effect	of	MTX	discontinuation	
could	 not	 be	 determined.	The	 patient	 received	 a	 similar	

F I G U R E  5  Microenvironment	
programmed	cell	death-	ligand	1	(PD-	
L1)	staining	results	in	diffuse	large	
B-	cell	lymphoma-	type	methotrexate-	
associated	lymphoproliferative	disorders.	
(A)	Negative	and	(B)	positive	cases	of	
microenvironment	PD-	L1	(mPD-	L1)	
expression.	The	mPD-	L1-	positive	cells	
were	mainly	histiocytes	and	fibroblasts.	
(C)	Overall	survival	and	(D)	period	up	to	
the	start	of	chemotherapy.	There	was	no	
significant	difference	between	the	mPD-	
L1-	positive	and	negative	groups
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chemotherapy	regimen	as	that	for	de	novo	DLBCL;	none-
theless,	the	patient	died	of	DLBCL-	type	MTX-	LPD.	These	
results	indicate	that	PD-	L1	expression	in	tumor	cells	is	as-
sociated	with	the	clinical	outcome	of	patients	after	MTX	
discontinuation.	 However,	 the	 patient	 was	 also	 negative	
for	 EBER,	 which	 is	 also	 associated	 with	 poor	 progno-
sis11,20,21;	 further	 investigation	 is	warranted	regarding	 its	
pathophysiology.

We	also	analyzed	PD-	L1	expression	 in	 the	 tumor	mi-
croenvironment.	The	expression	 rate	was	 similar	 to	 that	
reported	 by	 Kohno	 et	 al.22	 However,	 no	 association	 was	
found	 between	 PD-	L1	 expression	 in	 the	 microenviron-
ment	and	the	prognosis	of	patients.	According	to	Kiyasu	
et	al.,	PD-	L1	expression	in	tumor	cells	is	correlated	with	
poor	 prognosis	 in	 de	 novo	 DLBCL,	 but	 PD-	L1	 expres-
sion	 in	 the	 microenvironment	 is	 not.23	 Based	 on	 these	
results,	we	suggest	that	PD-	L1	expression	in	the	microen-
vironment	might	not	be	associated	with	the	spontaneous	

remission	 or	 exacerbation	 factors	 in	 DLBCL-	type	 MTX-	
LPD	after	MTX	discontinuation.

The	PD-	L1-	positive	rate	in	HRS	cells	of	de	novo	CHL	
is	more	than	80%,	and	anti-	PD-	1	antibody	therapy	for	the	
treatment	 of	 de	 novo	 CHL	 is	 now	 being	 adopted.15–	17,24	
In	 this	 study,	 we	 investigated	 the	 PD-	L1-	positive	 rate	 of	
HRS	cells	in	CHL-	type	MTX-	LPD	and	found	it	to	be	lower	
than	 that	 in	 de	 novo	 CHL.	 One	 of	 the	 reasons	 for	 poor	
remission	of	CHL-	type	MTX-	LPD	after	MTX	discontinua-
tion	can	be	explained	by	the	possible	escape	of	HRS	cells	
from	monitoring	by	immune	cells	through	the	expression	
of	PD-	L1.	Furthermore,	in	this	study,	we	categorized	the	
cases	based	on	PD-	L1	expression	(high-		vs.	low-	expression	
group)	and	compared	PD-	L1	expression	intensity	and	the	
clinical	 course	 of	 treatment	 after	 MTX	 discontinuation.	
No	significant	correlation	was	 found	between	PD-	L1	ex-
pression	 intensity	 and	 lesion	 disappearance	 after	 MTX	
discontinuation.	However,	 in	 the	PD-	L1 high-	expression	

F I G U R E  6  Changes	in	condition	
after	discontinuation	of	methotrexate	
(MTX)	in	classic	Hodgkin	lymphoma-	
type	methotrexate-	associated	
lymphoproliferative	disorders.	(A)	Lesion	
changes	after	MTX	discontinuation	
in	tumor	cells	with	high	and	low	
programmed	cell	death-	ligand	1	(PD-	
L1;	tPD-	L1)	expression.	There	was	no	
significant	difference	in	the	effect	of	lesion	
reduction	between	PD-	L1 high-		and	low-	
expression	groups.	However,	significantly	
more	cases	in	the	high-	expression	group	
had	relapse	or	needed	chemotherapy	
after	MTX	discontinuation	(*p < 0.05).	
(B)	There	was	no	significant	difference	in	
overall	survival.	(C)	In	the	tPD-	L1 high-	
expression	group,	the	period	up	to	
the	start	of	chemotherapy	was	shorter	
(p = 0.036)
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group,	there	were	significantly	more	cases	of	relapse	after	
discontinuation	of	MTX	and	cases	requiring	chemother-
apy	 as	 compared	 with	 the	 PD-	L1  low-	expression	 group.	
These	 findings	 suggest	 that	 the	 higher	 PD-	L1-	positive	
rate	 in	 HRS	 cells	 most	 likely	 results	 in	 lower	 remission	
and	requires	additional	chemotherapy	after	MTX	discon-
tinuation.	Additionally,	 the	time	required	before	chemo-
therapeutic	 intervention	 in	 the	 PD-	L1  high-	expression	
group	 after	 MTX	 discontinuation	 was	 much	 shorter	
(1.84  months)	 than	 that	 in	 the	 PD-	L1  low-	expression	
group	(3.89 months)	(p = 0.036).	There	was	no	significant	
difference	in	overall	survival	rate	depending	on	the	PD-	L1	
expression	intensity.	Furthermore,	clinical	findings	at	the	
time	of	diagnosis	of	CHL-	type	MTX-	LPD	was	compared	
between	the	PD-	L1 high-		and	low-	expression	groups,	but	
no	 significant	 findings	were	 found.	For	 this	 reason,	 it	 is	
difficult	 to	predict	 the	prognosis	 from	tissue	 lesions	and	
clinical	findings	at	the	time	of	CHL-	type	MTX-	LPD	diag-
nosis.	However,	the	results	of	this	study	suggest	that	PD-	
L1 levels	affect	the	pathogenesis	of	CHL-	type	MTX-	LPD.	
In	particular,	patients	with	high	expression	of	PD-	L1	were	
more	 likely	 to	 require	 chemotherapy	 after	 MTX	 discon-
tinuation.	From	the	above	results,	 it	 is	 likely	that	PD-	L1	
expression	in	tumors	has	a	strong	influence	on	the	clinical	
course	in	CHL-	type	MTX-	LPD;	thus,	careful	follow-	up	is	
required	in	cases	showing	high	expression	of	PD-	L1	at	the	
time	of	pathological	diagnosis.

Furthermore,	 Kohno	 et	 al.	 reported	 that	 immunos-
taining	 of	 PD-	L1	 (clone:	 SP142)	 was	 explicitly	 detected	
in	CHL-	type	in	MTX-	LPD,	whereas	tumor	cells	were	PD-	
L1-	negative	in	other	histological	types.22	In	addition,	they	
detected	an	increase	in	CD274/PD- L1	gene	copy	number	
in	CHL-	type	MTX-	LPD.	In	this	study,	we	investigated	PD-	
L1	expression	using	immunohistochemical	staining	with	
clone	 E1LN3.	 It	 has	 been	 suggested	 that	 there	 are	 sev-
eral	types	of	clones	in	immunohistochemical	staining	for	
PD-	L1,	 which	 may	 affect	 the	 staining	 results.	 Moreover,	
PD-	L1	expression	heterogeneity	in	tumor	tissues	also	af-
fects	the	evaluation	of	PD-	L1	expression.	It	is	known	that	
PD-	L1	 expression	 in	 tumor	 cells	 can	 change	 depending	
on	 the	 surrounding	 environment.	 When	 tumor-	specific	
T-	cells	are	activated,	they	produce	INF-	γ	and	attack	can-
cer	 cells,	 but	 cancer	 cells	 express	 PD-	L1	 in	 response	 to	
IFN-	γ.25	 Furthermore,	 PD-	L1	 expression	 is	 enhanced	 by	
TNF-	α	 and	 IL-	1β,	 suggesting	 that	 the	 expression	 of	 PD-	
L1	in	tumor	cells	changes	depending	on	the	tumor	micro-
environment.	In	addition,	PD-	L1	expression	in	the	tumor	
cells	of	patients	may	change	over	time,	depending	on	the	
disease	condition	and	treatment.

As	a	genomic	abnormality	of	PD- L1,	it	is	known	that	
the	copy	number	of	the	9p24.1	region	containing	PD- L1	
and	PD- L2	 is	 amplified	 in	gastric	 cancer	and	malignant	
lymphoma.26	 In	particular,	 in	de	novo	CHL,	abnormali-
ties	 in	 the	 same	 area	 are	 observed	 in	 almost	 all	 cases.18	

PD- L1 high 
expression (n = 16)

PD- L1 low 
expression (n = 8) p- value

B	symptoms 58.3%	(7/12) 20%	(1/5) 0.294

PS	≥2 18.8%	(3/16) 12.5%	(1/8) 1.000

CS	≥3 75%	(12/16) 75%	(6/8) 1.000

Extranodal	disease 25%	(4/16) 50%	(4/8) 0.363

Extranodal	disease	≥2 2 2

Alb	(<4.0 g/dl) 66.7%	(8/12) 50%	(3/6) 0.627

Hb	(<10.5 g/dl) 37.5%	(6/16) 12.5%	(1/8) 0.352

Lymphocyte	depletion	
(<600/mm3	or	<8%	of	
leukocyte	fraction)

21.4%	(3/14) 0%	(0/7) 0.521

Increased	white	blood	cell	
count	(>15,000/mm3)

0%	(0/13) 12.5%	(1/8) 0.381

LDH

Median	(IU/L) 237	(114–	465) 231	(193–	286)

LDH	above	normal 50.0%	(8/16) 12.5%	(1/8) 0.178

sIL-	2R

Median	(U/ml) 1938 553.5

sIL-	2R	above	normal 86.7%	(13/15) 62.5%	(5/8) 0.208

Abbreviations:	CS,	clinical	stage;	LDH,	lactate	dehydrogenase;	PD-	L1,	programmed	cell	death-	ligand	1;	
PS,	Eastern	Cooperative	Oncology	Group	performance	status;	siL-	2R,	soluble	interleukin-	2	receptor.

T A B L E  4 	 Clinical	data	of	PD-	
L1 high-	expression	group	and	low-	
expression	group	of	classic	Hodgkin	
lymphoma-	type	methotrexate-	associated	
lymphoproliferative	disorders
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In	this	study,	fluorescence	in	situ	hybridization	of	PD- L1/
PD- L2	 could	 not	 be	 performed,	 but	 it	 is	 highly	 possible	
that	 similar	 copy	 count	 abnormalities	 can	 be	 observed	
in	CHL-	type	MTX-	LPD.	A	pathway	activated	due	to	a	3ʹ-	
untranslated	region	(UTR)	abnormality	of	the	PD- L1 gene	
has	been	reported	by	Kataoka	et	al.	as	the	cause	of	PD-	L1	
overexpression.27	The	PD- L1 gene	abnormality	 is	on	the	
C-	terminal	side,	and	in	the	case	of	3ʹ-	UTR	abnormality,	
using	 an	 antibody	 that	 recognizes	 the	 C-	terminal	 (e.g.,	
clone	 SP142	 and	 E1LN3)	 may	 result	 in	 a	 false	 negative.	
Even	 in	 the	 case	 of	 companion	 diagnostics	 for	 immune	
checkpoint	inhibitors,	as	there	are	various	clones	and	cut-
off	value	settings	used	 for	 immunostaining,	detailed	ex-
amination	is	required.

PD-	L1	 is	 expressed	 in	 immune	 cells,	 such	 as	 T-	cells,	
B-	cells,	 macrophages,	 and	 dendritic	 cells,	 in	 addition	 to	
tumor	cells.	In	our	study,	we	also	investigated	PD-	L1	ex-
pression	in	immune	cells	within	this	microenvironment,	
and	examined	its	role	as	a	predictor	of	MTX-	LPD	prognosis,	
but	we	did	not	find	any	significant	differences.	Although	
not	 included	 in	 this	cohort,	 in	 the	past,	 in	patients	who	
underwent	lymph	node	biopsy	after	MTX	discontinuation	
at	our	institution,	necrosis	in	the	center	of	the	lesion	with	
surrounding	 abundant	 CD8-	positive	 T-	cells	 was	 noted	
(Figure  S1).	 In	Tokuhira	 et	 al.,	 the	 absolute	 lymphocyte	
count	 in	 the	 peripheral	 blood	 of	 MTX-	LPD	 patients	 re-
covered	rapidly	in	the	spontaneous	remission	group,	but	

did	not	change	in	the	exacerbation	group.28	These	recov-
ered	lymphocytes	were	mainly	composed	of	Th1,	effector	
memory	 B-	cells,	 and	 EBV-	specific	 T-	cells.2,28	 Based	 on	
this	analysis	and	previous	reports,	we	suggest	 that	CD8-	
positive	T-	cells	are	involved	in	the	spontaneous	regression	
of	MTX-	LPD,	and	PD-	1/PD-	L1	is	a	vital	molecule	for	this	
reaction.	Abnormalities	in	the	PD-	1/PD-	L1	pathway	may	
contribute	to	the	poor	prognosis	for	CHL-	type	MTX-	LPD	
caused	by	excessive	PD-	L1 gene	amplification.

5 	 | 	 CONCLUSIONS

Compared	 with	 DLBCL-	type	 MTX-	LPD,	 CHL-	type	
MTX-	LPD	was	not	resolved	after	MTX	discontinuation	
alone,	and	required	chemotherapy	in	many	cases.	In	ad-
dition,	 PD-	L1	 expression	 was	 found	 to	 be	 significantly	
higher	 in	 patients	 with	 CHL-	type	 than	 in	 those	 with	
DLBCL-	type	 MTX-	LPD.	 Patients	 with	 CHL-	type	 MTX-	
LPD	 with	 high	 PD-	L1	 expression	 tended	 to	 have	 exac-
erbations	and	relapses	after	MTX	discontinuation.	Our	
study	suggests	that	the	PD-	1/PD-	L1	pathway	is	involved	
in	 refractoriness	 to	 MTX	 discontinuation	 in	 CHL-	type	
MTX-	LPD.
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F I G U R E  7  Microenvironment	
programmed	cell	death-	ligand	1	(PD-	
L1)	staining	results	in	classic	Hodgkin	
lymphoma-	type	methotrexate-	associated	
lymphoproliferative	disorders.	(A)	
Cases	with	PD-	L1-	positive	histiocytes	
surrounding	Hodgkin	and	Reed-	Sternberg	
(HRS)	cells	(mPD-	L1	positive).	However,	
HRS	cells	were	PD-	L1	negative	(black	
arrow).	(B)	A	case	in	which	a	histiocyte	
around	the	HRS	cells	was	PD-	L1	negative	
(mPD-	L1	negative)	and	the	HRS	cells	
strongly	expressed	PD-	L1	(white	arrow).	
(C)	Overall	survival	and	(D)	the	period	
of	up	to	the	start	of	chemotherapy	were	
examined	between	the	two	groups,	but	
there	was	no	significant	difference
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