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Abstract
Idiopathic	 pneumonia	 syndrome	 (IPS)	 is	 an	 acute	 lung	 complication	 observed	
after	 the	 early	 posthematopoietic	 stem	 cell	 transplantation	 (HSCT)	 period.	
Ruxolitinib	was	effective	 for	a	patient	with	myelodysplastic	syndrome	who	de-
veloped	severe	IPS	after	second	HSCT.	No	severe	adverse	effects	were	observed.	
Ruxolitinib	may	be	an	alternative	choice	for	HSCT-	related	IPS.
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1 	 | 	 INTRODUCTION

Idiopathic	 pneumonia	 syndrome	 (IPS)	 is	 a	 spectrum	 of	
acute	interstitial	lung	injuries	observed	after	the	early	pos-
thematopoietic	 stem	cell	 transplantation	 (HSCT)	period.	
IPS	 diagnosis	 should	 be	 confirmed	 to	 exclude	 lower	 re-
spiratory	tract	infection,	cardiac	dysfunction,	acute	renal	
failure,	and	fluid	overload.1,2	The	cumulative	incidence	of	
IPS	increases	from	2%	to	10%	according	to	the	strength	of	
conditioning,	and	its	onset	occurs	at	4–	106	(median,	19)	
days	after	HSCT.1	The	prognosis	is	exceedingly	poor,	with	
mortality	rates	of	60%–	80%	in	most	studies.1,3	Thus,	novel	
therapeutic	strategies	are	required	for	HSCT-	related	IPS.

In	 human	 idiopathic	 pulmonary	 fibrosis	 (IPF),	 Janus	
kinase	(JAK)	2	and	signal	transducer	and	activator	of	tran-
scription	(STAT)	3	are	activated.4	Thus,	their	dual	inhibitor	
is	 implicated	as	a	potential	 therapeutic	 strategy	 for	 IPF.5	
Ruxolitinib	 is	 a	 selective	 JAK1	 and	 JAK2	 inhibitor	 ap-
proved	for	the	treatment	of	myeloproliferative	neoplasms	
and	steroid-	refractory	acute	and	chronic	graft-	versus-	host	
disease	 (GVHD).6-	9	 Ruxolitinib	 blocks	 JAK1,	 JAK2,	 and	
STAT	signaling	pathways,	suppresses	immune	responses,	
and	has	positive	effects	on	interstitial	pneumonia	associ-
ated	with	idiopathic	juvenile	arthritis,	bronchiolitis	oblit-
erans	after	HSCT,	and	COVID-	19-	related	acute	respiratory	
distress	syndrome.10-	13	In	this	study,	we	report	administra-
tion	of	ruxolitinib	 in	a	patient	with	myelodysplastic	syn-
drome	(MDS)	who	developed	IPS	after	second	HSCT.

2 	 | 	 CASE PRESENTATION

An	 11-	year-	old	 girl	 presented	 with	 recurrent	 fever,	 pro-
longed	 leukopenia,	 and	 anemia	 for	 several	 months.	
Repeated	bone	marrow	aspirations	revealed	hypocellular	
marrow	with	trilineage	dysplasia.	Blasts	(8.8%	of	nucleated	
cells)	were	negative	for	specific	and	nonspecific	esterases.	
Flow	cytometry	analysis	revealed	that	the	blasts	expressed	
CD13,	CD15,	CD33,	CD38,	CD58,	CD117,	HLA-	DR,	and	
cytoplasmic	 myeloperoxidase.	 Chromosomal	 G-	banding	
detected	46,	XX,	−5,	−7,	−9,	−10,	−13,	−14,	+6	mar	 in	
14	 of	 20	 cells	 that	 were	 analyzed.	 Spectral	 karyotyping-	
fluorescence	 in	 situ	 hybridization	 (SKY-	FISH)	 revealed	
complex	 chromosomal	 aberrations	 with	 three	 chromo-
somal	translocations	involving	chromosome	7.	DNA-	FISH	
revealed	7q31	deletion	in	88%	of	cells.	Taken	together,	she	
was	diagnosed	with	MDS-	EB-	1.

She	 underwent	 AML99	 protocol	 remission	 induction	
therapy	 and	 achieved	 complete	 remission.14	 One	 course	
of	 intensification	 therapy	 was	 conducted,	 followed	 by	
HSCT	 from	 her	 HLA-	haploidentical	 mother	 with	 post-	
transplantation	cyclophosphamide.	Conditioning	regimen	
was	 fludarabine	 120  mg/m2	 total	 dose,	 busulfan	 every	

6 h	for	16	doses	(target	AUC,	75 mg/L*h),	and	melphalan	
140  mg/m2	 total	 dose	 (Table  1).	 GVHD	 prophylaxis	 was	
provided	by	cyclophosphamide	50 mg/kg/dose	i.v.	on	days	
3	and	4,	followed	by	mycophenolate	mofetil	15 mg/kg	orally	
three	times	daily	from	days	5	to	35,	and	tacrolimus	i.v.	daily	
(Table  1).	 However,	 hemophagocytic	 lymphohistiocyto-
sis	(HLH)	developed	after	transplantation,	and	the	donor	
cells	were	rejected.	CT	scan	showed	no	evidence	of	active	
pneumonia	on	day	50	after	first	HSCT	(Figure 1A).	Second	
HSCT	 was	 conducted	 by	 HLA	 6/8-	matched	 cord	 blood	
transplantation	(CBT)	on	day	65	after	first	HSCT	(Table 1).	
Conditioning	 regimen	 was	 fludarabine	 125  mg/m2	 total	
dose,	etoposide	450 mg/m2	total	dose,	melphalan	80 mg/
m2	 total	 dose,	 and	 total	 body	 irradiation	 4  Gy	 (Table  1).	
GVHD	prophylaxis	was	tacrolimus	and	short	methotrexate	
(Table 1).	Engraftment	syndrome	developed	with	desatura-
tion	and	oxygen	requirement	on	day	9.	Methylprednisolone	
(1 mg/kg/day)	was	initiated	on	day	16.	Oxygenation	grad-
ually	 improved,	and	oxygen	was	discontinued	on	day	24.	
Neutrophil	engraftment	was	achieved	on	day	29.

The	 patient	 developed	 stage	 III	 gut	 GVHD	 around	
day	 30	 that	 was	 refractory	 to	 methylprednisolone	 and	
started	budesonide	(6 mg/day)	orally	once	daily	on	day	55.	
However,	budesonide	was	discontinued	on	day	64	due	to	
thrombotic	microangiopathy	with	continuous	low	hapto-
globin	below	the	cut	off	and	increased	transfusion	require-
ments	(Figure 2A).	Oxygenation	gradually	decreased	with	
progressing	nonproductive	cough	and	dyspnea	along	with	
elevation	of	serum	KL-	6	and	surfactant	protein	D	(SP-	D)	
around	day	50	after	CBT	(Figure 2A,B).	CT	scan	showed	
remarkable	progression	of	 infiltration	 in	 the	entire	 lung	
fields	on	days	61	and	69	(Figure 1B,C).	Respiratory	con-
dition	deteriorated,	and	high-	flow	nasal	cannula	(HFNC)	
oxygenation	was	required	on	day	73	(Figure 2A).	Cardiac	
dysfunction,	 renal	 failure,	 and	 iatrogenic	 fluid	 overload	
were	absent.	Multiplex	PCRs	including	cytomegalovirus,	
Pneumocystis jirovecii,	SARS-	CoV-	2,	and	other	viral	patho-
gens,	as	documented	 in	 the	Appendix S1,	were	negative	
in	sputum	specimens.	Beta-	d-	glucan	was	not	elevated	in	
this	condition.	Although	invasive	procedures	such	as	lung	
biopsy	 and	 bronchoalveolar	 lavage	 could	 not	 be	 applied	
to	 the	patient	because	of	 the	poor	respiratory	condition,	
we	considered	the	patient	 to	have	IPS	concomitant	with	
GVHD	 and	 HLH.	 Six	 of	 the	 eight	 HLH	 2004	 diagnostic	
criteria	 were	 fulfilled,	 namely,	 fever,	 splenomegaly,	 pan-
cytopenia,	 hypertriglyceridemia	 (maximum,	 5180  mg/
dl),	 hemophagocytic	 lymphocytes	 in	 bone	 marrow,	 and	
hyperferritinemia	 (maximum,	 17,509  ng/ml).15	 We	 con-
ducted	methylprednisolone	pulse	therapy	(10 mg/kg/day,	
3 days).	Furthermore,	based	on	a	recent	report	regarding	
resistance	 to	 steroid	 and	 antitumor	 necrosis	 factor	 ther-
apy	 in	 patients	 with	 IPS,16	 we	 simultaneously	 started	
ruxolitinib	 (20  mg/day)	 on	 day	 74	 (Figure  2A).	 Because	
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ruxolitinib	 was	 not	 approved	 for	 refractory	 GVHD	 in	
Japan,	administration	of	ruxolitinib	was	approved	by	the	
Evaluation	Committee	for	Unapproved	or	Off-	label	Drugs	
at	Tokyo	 Medical	 and	 Dental	 University	 (No:	 2019-	038),	
and	written	informed	consent	was	obtained	from	a	parent	
of	 the	 patient.	 Respiratory	 status	 remarkably	 improved,	
with	 successful	 cessation	 of	 HFNC	 oxygenation	 on	 day	
85	 and	 no	 further	 requirement	 for	 oxygenation	 on	 day	
89	 (Figure  2A).	 CT	 scan	 revealed	 no	 infiltration	 shad-
ows	on	day	96	(Figure 1D).	Stool	condition	also	gradually	
improved	 after	 ruxolitinib	 administration	 and	 became	
normal	 on	 day	 91	 (Figure  2A).	 Although	 SP-	D	 rapidly	
decreased	 during	 the	 first	 month,	 KL-	6	 slowly	 reduced	
over	2 months	(Figure 2B).	Serum	ferritin,	soluble	inter-
leukin-	2	receptor	(sIL-	2R),	and	C-	reactive	protein	(CRP)	
sharply	 improved	 (Figure  2B).	 Neutropenia	 (grade	 3),	
anemia	 (grade	 3),	 and	 thrombocytopenia	 (grade	 3)	 were	
manageable	 by	 reduction	 in	 ruxolitinib	 to	 5  mg/day	 on	
day	 131	 (Figure  2C).	 However,	 KL-	6	 started	 to	 elevate,	
and	 ruxolitinib	 was	 increased	 to	 10  mg/day	 on	 day	 145	
(Figure 2B).	Complete	chimerism	was	confirmed	by	short-	
tandem	repeat	analysis	on	days	64,	98,	and	365.	The	MDS	
clone	was	not	detected	by	chromosome	7q	deletion	FISH	
on	days	98	and	365.	Ruxolitinib	and	tacrolimus	were	suc-
cessfully	 stopped	on	days	378	and	519,	 respectively.	The	
patient	has	 remained	without	any	respiratory	symptoms	
with	stable	KL-	6,	after	cessation	of	ruxolitinib	and	tacro-
limus	(Figure 2B).

3 	 | 	 LITERATURE SEARCH

We	searched	for	relevant	literature	using	the	key	phrase	
“idiopathic	 pneumonia	 syndrome	 hematopoietic	 trans-
plantation”	 in	 PubMed.	 Among	 127	 articles	 identified,	
we	selected	11	articles	after	excluding	case	reports,	dupli-
cates,	meta-	analyses,	reviews,	text	in	languages	other	than	
English,	biological	studies,	other	lung	complications,	and	
autologous	 stem	 cell	 transplantation.	 The	 incidences	 of	
IPS	were	6.7%–	11.8%	in	children	and	8.3%–	12%	in	adults	
with	 myeloablative	 conditioning,	 which	 tended	 to	 be	
higher	than	the	corresponding	rates	in	patients	with	non-
myeloablative	conditioning.	Despite	treatments	involving	
steroids,	 positive	 pressure	 ventilation,	 mechanical	 ven-
tilation,	 and	 anti-	inflammatory	 biologics,	 the	 mortality	
rates	of	IPS	were	55%–	87.5%	in	children	and	70%–	85%	in	
adults.	Prospective	studies	using	etanercept	showed	high	
response	rates	in	children	but	found	resistance	in	adults	
(Table 2).

4 	 | 	 DISCUSSION

The	 findings	 for	 the	 present	 case	 suggest	 that	 ruxoli-
tinib	 is	 effective	 with	 permissible	 adverse	 effects	 for	
HSCT-	related	 IPS.	 Rapid	 resolution	 of	 respiratory	
symptoms,	 gut	 GVHD,	 secondary	 HLH,	 radiographic	
findings,	 and	 inflammatory	 markers	 was	 observed.	

1st transplantation 2nd transplantation

Interval	(d) –	 65

Donor Haploidentical	mother UCB

HLA	disparity
Mismatched	alleles

5/8
B,	C,	DR

6/8
B,	DR

Source BM CB

Conditioning Bu	(cAUC	75 mg*h/L)
Flu	(120)
Mel	(140)

Flu	(125)
Mell	(80)
VP−16	(450)
TBI	4 Gy

GVHD	prophylaxis Cy
MMF
TAC

MTX
TAC

Complications HLH
Cystitis

HLH
IPS
Acute	GVHD	grade	II	(gut)
TMA

Outcome Rejection Alive	(day	524)
Chimerism	>95%	(day	365)

Abbreviations:	BM,	bone	marrow;	Bu,	busulfan;	CB,	cord	blood;	Flu,	fludarabine;	GVHD,	graft-	versus-	
host	disease;	HLA,	human	leukocyte	antigen;	HLH,	hemophagocytic	lymphohistiocytosis;	IPS,	idiopathic	
pneumonia	syndrome;	Mel,	melphalan;	MMF,	mycophenolate	mofetil;	MTX,	methotrexate;	TAC,	
tacrolimus;	TBI,	total	body	irradiation;	TMA,	thrombotic	microangiopathy;	UCB,	unrelated	cord	blood;	
VP-	16,	etoposide.

T A B L E  1 	 Transplantation	
characteristics	and	clinical	outcomes
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Transfusion	independence,	methylprednisolone	discon-
tinuation,	 hospital	 discharge,	 and	 management	 in	 the	
outpatient	 setting	 were	 also	 achieved	 after	 ruxolitinib	
administration.

Patients	 with	 IPS	 following	 HSCT	 tended	 to	 develop	
acute	 GVHD	 (grades	 II–	IV)	 compared	 with	 non-	IPS	

patients.17	 The	 IPS	 group	 contained	 more	 patients	 with	
prior	 HSCT.17	Thus,	 IPS	 etiology	 may	 involve	 combined	
effects	of	cellular	injury,	including	toxic	effects	of	condi-
tioning,	immune-	mediated	injury,	and	occult	infections.1,2	
Consistent	with	these	past	reports,	our	patient	developed	
IPS	 plausibly	 associated	 with	 repeated	 conditioning	 for	

F I G U R E  1  Radiographic	findings	for	
the	patient.	(A)	CT	scan	before	the	second	
transplantation	on	day	15.	(B)	CT	scan	
at	presentation	of	idiopathic	pulmonary	
syndrome	(IPS)	on	day	61.	Left	panel	
shows	slightly	dominant	ground-	glass	
opacities	(GGO)	on	the	dorsal	lungs.	Right	
panel	shows	a	sagittal	view	of	the	CT	scan	
with	GGO	infiltration	throughout	the	
lungs.	(C)	IPS	progression	on	day	69,	at	
5 days	before	ruxolitinib	administration.	
GGO	progression	is	observed	in	the	entire	
lungs	(left	and	right)	with	infiltration	in	
the	dorsal	part	of	the	pleural	membranes	
(left).	(D)	CT	scan	on	day	96	after	13 days	
of	ruxolitinib	administration	(left	and	
right),	showing	resolution	of	GGO

F I G U R E  2  Clinical	findings	for	the	patient.	(A)	Active	phase	of	gut	graft-	versus-	host	disease	(GVHD)	and	idiopathic	pulmonary	
syndrome	(IPS)	from	days	32	to	93.	Upper	panel	shows	immunosuppressive	treatments	including	budesonide,	methylprednisolone	(mPSL),	
tacrolimus,	and	ruxolitinib.	Middle	panel	shows	oxygen	requirements	during	the	active	phase	of	IPS.	Nasal	cannula	(NC)	oxygenation	was	
started	on	day	57.	High-	flow	nasal	cannula	(HFNC)	oxygenation	was	started	on	day	73.	Bottom	panel	shows	exaggeration	of	diarrhea	on	
day	32.	Counts	of	diarrhea	per	day	are	shown.	Stool	condition	normalized	on	day	91.	FiO2	inspired	oxygen	concentration.	(B)	Entire	clinical	
course	for	second	hematopoietic	stem	cell	transplantation	from	days	16	to	330.	Upper	panel	shows	immunosuppressive	treatments	including	
mPSL,	tacrolimus,	and	ruxolitinib.	Middle	panel	shows	IPS	markers	including	KL-	6	and	pulmonary	surfactant	protein	D	(SP-	D).	Bottom	
panel	shows	inflammatory	markers	including	ferritin,	soluble	IL-	2	receptor	(sIL-	2R),	and	C-	reactive	protein	(CRP).	(C)	Upper	panel	shows	
white	blood	cell	(WBC),	neutrophil	(Neu),	and	lymphocyte	(Ly)	counts.	Bottom	panel	shows	hemoglobin	(Hb)	levels	and	platelet	counts	
with	red	blood	cell	(RBC)	and	platelet	concentrate	(PC)	transfusions
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T A B L E  2 	 Literature	review:	transplantation	characteristics	and	clinical	outcomes	of	IPS	in	retrospective	cohort	and	prospective	studies

Author (Year; 
ref.)

IPS N (Total 
N of SCT), % Age group Disease type HLA N (%)

Donor type 
N (%) Conditioning N (%) Treatment N (%) Outcome N (%)

GVHD before onset of 
IPS N (%)

Pediatric	
retrospective

Keates-	Baleeiro	
(2006)25

11	(93),	11.8% 8	(0.6–	20) ALL,	AML,	CML,	MDS,	
Hurler	syndrome

MRD	9.1%,
MMRD	90.9%

BM	72.7%
CB	27.3%

Myeloablative	(Cy + TBI	12 Gy)	63%
Nonmyeloablative	(non-	TBI)	37%

Mechanical	ventilation	4	(36.4%)
PAP	1	(9.1%)
Oxygen	6	(54.5%)

8	(72.7%)	died 100%

Sakaguchi	(2012)26 20	(251),	8% 6.6	(0.9–	15.2) Hematological	
malignancy

Malignant	solid	tumors
Benign	disease

MRD	7	(35.0%)
MURD	3	(15.0%)
MMRD	3	(15.0%)
MMURD	1	(5.0%)
MMCB	3	(15.0%)
Auto	2	(10.0%)

BM	15	(75.0%)
CB	3	(15.0%)
Auto-	HCT	2	

(10.0%)

TBI-	containing	7	(35.0%)
Bu-	containing	12	(60.0%)

Steroid	therapy	19	(95.0%)
Mechanical	ventilation	9	(45.0%)
Infliximab	2	(10.0%)
Basiliximab	1	(5.0%)

11	(55.0%)	died	within	5 years	of	HCT 7	(35.0%)	grade	II–	IV

Sano	(2014)17 14	(210),	6.7% 9.5	(0–	16) ALL,	AML,	MDS,	
non-	malignant

Matched	50%
Mismatched	50%

BM	57.1%
PB	7.1%
CB	35.7%

Myeloablative	11	(78.6%)
Nonmyeloablative	3	(21.4%)

High-	dose	steroid	12	(86%)
Mechanical	ventilation	9	(64%)

10	(71.4%)	died	within	120 days	of	HCT
11	(78.6%)	died	within	365 days	of	HCT

2	(14.3%)	grade	I–	II
5	(35.7%)	grade	III–	IV

Altman	(2018)27 8	(313),	2.9% NA ADA,	CHARGE,	RAG1,	
RAG2,	JAK3,	CgC,	
Artemis

MRD	2	(25%)
MURD	3	(37.5%)
MMRD	3	(37.5%)

BM	4	(50%)
CB	4	(50%)

None	2	(25%)
Bu	1	(12.5%)
Bu + Cy	1	(12.5%)
Flu + Mel	1	(12.5%)
Treo + Cy	1	(12.5%)
Treo + Flu	2	(25%)

Mechanical	ventilation	7	(87.5%) 1	(12.5%)	alive
7	(87.5%)	died

2	(25%)	grade	I
1	(12.5%)	grade	II
1	(12.5%)	cGVHD

Pediatric	
prospective

Yanik	(2015)28 28 11	(1–	17) ALL,	AML/MDS,	
lymphoma,	
non-	malignant

Related	4	(14%)
Unrelated	24	

(86%)

BM	14	(50%)
PB	3	(11%)
CB	11	(39%)

TBI	containing	14	(50%)
TBI	not	containing	14	(50%)
Myeloablative	27	(96%)
Nonmyeloablative	1	(4%)

Etanercept	and	corticosteroids OS	89%	at	day	28
OS	75%	at	day	56
OS	63%	at	1 year

NA

Adult	
retrospective

Fukuda	(2003)29 77	(917),	8.4% 41	(1–	66) AA,	AL,	CML,	MDS,	
Lymphoma,	CLL,	
MM,	PID,	etc.

MRD	46.8%,
MMRD	6.0%,
Unrelated	47.2%

PB	34.6%,
BM	65.4%

Myeloablative	917	(83.3%) Mechanical	ventilation	50	(62%) 60	(74%)	died 25%	grade	III–	IV

4	(183),	2.2% 53	(1–	73) MRD	65.6%,
Unrelated	34.4%

PB	90.7%
BM	9.3%

Nonmyeloablative	183	(16.7%) 21%	grade	III–	IV

Yanik	(2008)30 15 21	(1–	60) AA,	ALL,	AML,	MDS,	
CML,	NHL,	PID

MRD	13.3%
MURD	69.2%
MMURD	20%

PB	46.7%
BM	46.7%
CB	6.7%

Myeloablative	13	(86.7%)
Nonmyeloablative	2	(13.3%)

Etanercept	15	(100%)
Mechanical	ventilation	8	(53.3%)
Oxygen	15	(100%)

12	(80%)	died 6	(40%)	grade	II
3	(20%)	grade	III–	IV

Zhu	(2008)31 23	(192),	12% 24.3	(5–	45) ALL,	AML,	CML MRD	6	(26.1%)
MURD	9	(39.1%)
MMRD	5	(21.7%)
MMURD	3	(13.0%)

NA Bu + Cy PAP	or	mechanical	ventilation	20	
(87%)

3	(13%)	survived	without	PAP	and	
mechanical	ventilation

16	(69.6%)	died	within	120 days	of	HCT
20	(87.0%)	died	within	365 days	of	HCT

19	(82.6%)	aGVHD
11	(47.8%)	grade	III–	IV
16	(69.6%)	aGVHD	of	

gut

Vande	Vusse	
(2016)32

75	(906),	8.3% 44	(32-	56) AL,	CL,	MDS,	
lymphoma,	other

MRD	33	(44%)
MMRD	2	(3%)
Unrelated	40	

(53%)

BM	49	(65%)
PB	26	(35%)

Non-	TBI	21	(28%)
TBI	12	35	(47%)
TBI > 12	19	(25%)

NA (76%)	died	within	first	120 days	of	HCT
(85%)	died	within	first	2 years	of	HCT

37%	severe	GVHD

Wenger	(2020)33 67	(1829),	3.7% 51.9	(37.9–	
58.3)

ALL,	AML,	CML,	MDS,	
lymphoma,	CLL,	MM

MRD	35.8%
MURD	31.4%
MMURD	17.9%

PB	62.7%
BM	22.4%
CB	14.9%

Nonmyeloablative	25	(37.3%)
Myeloablative	TBI < 12 Gy	20	(29.9%)
Myeloablative	TBI > 12 Gy	22	(32.8%)

Mechanical	ventilation	39	(58%) 31	(46.3%)	died	within	120 days	of	HCT
47	(70.1%)	died	within	365 days	of	HCT

11	(16.4%)	grade	III–	IV)

Adult	prospective Yanik	(2014)34 16 47.9	(22.9–	
70.1)

AML,	MDS,	ALL,	
lymphoma,	other

NA NA Myeloablative	9	(56.2%)
Nonmyeloablative	7	(43.8%)

Etanercept OS	23%	at	1 year NA

18 47.8	(21.8–	
68.8)

Myeloablative	11	(61.1%)
Nonmyeloablative	7	(38.9%)

Placebo OS	17%	at	1 year

Abbreviations:	AA,	aplastic	anemia;	ADA,	adenosine	deaminase;	AL,	acute	leukemia;	ALL,	acute	lymphoblastic	leukemia;	AML,	acute	myeloid	leukemia;	Auto,	
autologous;	BM,	bone	marrow;	Bu,	busulfan;	CB,	cord	blood;	CgC,	common	gamma	chain;	CL,	chronic	leukemia;	CLL,	chronic	lymphocytic	leukemia;	CML,	
chronic	myelogenous	leukemia;	Cy,	cyclophosphamide;	Flu,	fludarabine;	GVHD,	graft-	versus-	host	disease;	HCT,	hematopoietic	cell	transplantation;	HLA,	human	
leukocyte	antigen;	IPS,	idiopathic	pneumonia	syndrome;	JAK,	Janus	kinase;	MDS,	myelodysplastic	syndrome;	Mel,	melphalan;	MM,	multiple	myeloma;	MMCB,	
mismatched	cord	blood;	MMRD,	mismatched	related	donor;	MMURD,	mismatched	unrelated	donor;	MRD,	matched	related	donor;	MURD,	matched	unrelated	
donor;	N,	number;	NHL,	non-	Hodgkin's	lymphoma;	OS,	overall	survival;	PAP,	positive	airway	pressure;	PB,	peripheral	blood;	PID,	primary	immunodeficiency;	
RAG,	recombination	activating	gene;	TBI,	total	body	irradiation;	Treo,	treosulfan;	UCB,	unrelated	cord	blood.
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T A B L E  2 	 Literature	review:	transplantation	characteristics	and	clinical	outcomes	of	IPS	in	retrospective	cohort	and	prospective	studies

Author (Year; 
ref.)

IPS N (Total 
N of SCT), % Age group Disease type HLA N (%)

Donor type 
N (%) Conditioning N (%) Treatment N (%) Outcome N (%)

GVHD before onset of 
IPS N (%)

Pediatric	
retrospective

Keates-	Baleeiro	
(2006)25

11	(93),	11.8% 8	(0.6–	20) ALL,	AML,	CML,	MDS,	
Hurler	syndrome

MRD	9.1%,
MMRD	90.9%

BM	72.7%
CB	27.3%

Myeloablative	(Cy + TBI	12 Gy)	63%
Nonmyeloablative	(non-	TBI)	37%

Mechanical	ventilation	4	(36.4%)
PAP	1	(9.1%)
Oxygen	6	(54.5%)

8	(72.7%)	died 100%

Sakaguchi	(2012)26 20	(251),	8% 6.6	(0.9–	15.2) Hematological	
malignancy

Malignant	solid	tumors
Benign	disease

MRD	7	(35.0%)
MURD	3	(15.0%)
MMRD	3	(15.0%)
MMURD	1	(5.0%)
MMCB	3	(15.0%)
Auto	2	(10.0%)

BM	15	(75.0%)
CB	3	(15.0%)
Auto-	HCT	2	

(10.0%)

TBI-	containing	7	(35.0%)
Bu-	containing	12	(60.0%)

Steroid	therapy	19	(95.0%)
Mechanical	ventilation	9	(45.0%)
Infliximab	2	(10.0%)
Basiliximab	1	(5.0%)

11	(55.0%)	died	within	5 years	of	HCT 7	(35.0%)	grade	II–	IV

Sano	(2014)17 14	(210),	6.7% 9.5	(0–	16) ALL,	AML,	MDS,	
non-	malignant

Matched	50%
Mismatched	50%

BM	57.1%
PB	7.1%
CB	35.7%

Myeloablative	11	(78.6%)
Nonmyeloablative	3	(21.4%)

High-	dose	steroid	12	(86%)
Mechanical	ventilation	9	(64%)

10	(71.4%)	died	within	120 days	of	HCT
11	(78.6%)	died	within	365 days	of	HCT

2	(14.3%)	grade	I–	II
5	(35.7%)	grade	III–	IV

Altman	(2018)27 8	(313),	2.9% NA ADA,	CHARGE,	RAG1,	
RAG2,	JAK3,	CgC,	
Artemis

MRD	2	(25%)
MURD	3	(37.5%)
MMRD	3	(37.5%)

BM	4	(50%)
CB	4	(50%)

None	2	(25%)
Bu	1	(12.5%)
Bu + Cy	1	(12.5%)
Flu + Mel	1	(12.5%)
Treo + Cy	1	(12.5%)
Treo + Flu	2	(25%)

Mechanical	ventilation	7	(87.5%) 1	(12.5%)	alive
7	(87.5%)	died

2	(25%)	grade	I
1	(12.5%)	grade	II
1	(12.5%)	cGVHD

Pediatric	
prospective

Yanik	(2015)28 28 11	(1–	17) ALL,	AML/MDS,	
lymphoma,	
non-	malignant

Related	4	(14%)
Unrelated	24	

(86%)

BM	14	(50%)
PB	3	(11%)
CB	11	(39%)

TBI	containing	14	(50%)
TBI	not	containing	14	(50%)
Myeloablative	27	(96%)
Nonmyeloablative	1	(4%)

Etanercept	and	corticosteroids OS	89%	at	day	28
OS	75%	at	day	56
OS	63%	at	1 year

NA

Adult	
retrospective

Fukuda	(2003)29 77	(917),	8.4% 41	(1–	66) AA,	AL,	CML,	MDS,	
Lymphoma,	CLL,	
MM,	PID,	etc.

MRD	46.8%,
MMRD	6.0%,
Unrelated	47.2%

PB	34.6%,
BM	65.4%

Myeloablative	917	(83.3%) Mechanical	ventilation	50	(62%) 60	(74%)	died 25%	grade	III–	IV

4	(183),	2.2% 53	(1–	73) MRD	65.6%,
Unrelated	34.4%

PB	90.7%
BM	9.3%

Nonmyeloablative	183	(16.7%) 21%	grade	III–	IV

Yanik	(2008)30 15 21	(1–	60) AA,	ALL,	AML,	MDS,	
CML,	NHL,	PID

MRD	13.3%
MURD	69.2%
MMURD	20%

PB	46.7%
BM	46.7%
CB	6.7%

Myeloablative	13	(86.7%)
Nonmyeloablative	2	(13.3%)

Etanercept	15	(100%)
Mechanical	ventilation	8	(53.3%)
Oxygen	15	(100%)

12	(80%)	died 6	(40%)	grade	II
3	(20%)	grade	III–	IV

Zhu	(2008)31 23	(192),	12% 24.3	(5–	45) ALL,	AML,	CML MRD	6	(26.1%)
MURD	9	(39.1%)
MMRD	5	(21.7%)
MMURD	3	(13.0%)

NA Bu + Cy PAP	or	mechanical	ventilation	20	
(87%)

3	(13%)	survived	without	PAP	and	
mechanical	ventilation

16	(69.6%)	died	within	120 days	of	HCT
20	(87.0%)	died	within	365 days	of	HCT

19	(82.6%)	aGVHD
11	(47.8%)	grade	III–	IV
16	(69.6%)	aGVHD	of	

gut

Vande	Vusse	
(2016)32

75	(906),	8.3% 44	(32-	56) AL,	CL,	MDS,	
lymphoma,	other

MRD	33	(44%)
MMRD	2	(3%)
Unrelated	40	

(53%)

BM	49	(65%)
PB	26	(35%)

Non-	TBI	21	(28%)
TBI	12	35	(47%)
TBI > 12	19	(25%)

NA (76%)	died	within	first	120 days	of	HCT
(85%)	died	within	first	2 years	of	HCT

37%	severe	GVHD

Wenger	(2020)33 67	(1829),	3.7% 51.9	(37.9–	
58.3)

ALL,	AML,	CML,	MDS,	
lymphoma,	CLL,	MM

MRD	35.8%
MURD	31.4%
MMURD	17.9%

PB	62.7%
BM	22.4%
CB	14.9%

Nonmyeloablative	25	(37.3%)
Myeloablative	TBI < 12 Gy	20	(29.9%)
Myeloablative	TBI > 12 Gy	22	(32.8%)

Mechanical	ventilation	39	(58%) 31	(46.3%)	died	within	120 days	of	HCT
47	(70.1%)	died	within	365 days	of	HCT

11	(16.4%)	grade	III–	IV)

Adult	prospective Yanik	(2014)34 16 47.9	(22.9–	
70.1)

AML,	MDS,	ALL,	
lymphoma,	other

NA NA Myeloablative	9	(56.2%)
Nonmyeloablative	7	(43.8%)

Etanercept OS	23%	at	1 year NA

18 47.8	(21.8–	
68.8)

Myeloablative	11	(61.1%)
Nonmyeloablative	7	(38.9%)

Placebo OS	17%	at	1 year

Abbreviations:	AA,	aplastic	anemia;	ADA,	adenosine	deaminase;	AL,	acute	leukemia;	ALL,	acute	lymphoblastic	leukemia;	AML,	acute	myeloid	leukemia;	Auto,	
autologous;	BM,	bone	marrow;	Bu,	busulfan;	CB,	cord	blood;	CgC,	common	gamma	chain;	CL,	chronic	leukemia;	CLL,	chronic	lymphocytic	leukemia;	CML,	
chronic	myelogenous	leukemia;	Cy,	cyclophosphamide;	Flu,	fludarabine;	GVHD,	graft-	versus-	host	disease;	HCT,	hematopoietic	cell	transplantation;	HLA,	human	
leukocyte	antigen;	IPS,	idiopathic	pneumonia	syndrome;	JAK,	Janus	kinase;	MDS,	myelodysplastic	syndrome;	Mel,	melphalan;	MM,	multiple	myeloma;	MMCB,	
mismatched	cord	blood;	MMRD,	mismatched	related	donor;	MMURD,	mismatched	unrelated	donor;	MRD,	matched	related	donor;	MURD,	matched	unrelated	
donor;	N,	number;	NHL,	non-	Hodgkin's	lymphoma;	OS,	overall	survival;	PAP,	positive	airway	pressure;	PB,	peripheral	blood;	PID,	primary	immunodeficiency;	
RAG,	recombination	activating	gene;	TBI,	total	body	irradiation;	Treo,	treosulfan;	UCB,	unrelated	cord	blood.
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second	 HSCT,	 steroid-	refractory	 GVHD,	 and	 secondary	
HLH.	Ruxolitinib	effectively	alleviated	not	only	progres-
sive	IPS	but	also	all	of	the	other	complications.

Ruxolitinib	 is	a	potent	and	selective	 inhibitor	of	 JAK1	
and	JAK2,	has	strong	selectivity	against	JAK3,	and	modestly	
inhibits	Tyk2.13	Ruxolitinib	maximally	 inhibited	cytokine-	
induced	 phosphorylated	 STAT3	 (pSTAT3)	 at	 1–	2  h	 after	
administration.	A	return	to	normal	pSTAT3	was	observed	
24  h	 after	 cessation	 of	 ruxolitinib.18	 In	 an	 animal	 model,	
a	dual	inhibitor	of	JAK2	and	STAT3	alleviated	bleomycin-	
induced	 lung	 fibrosis	 along	 with	 reduction	 in	 collagen	
deposition.4	 In	 the	 clinical	 setting,	 ruxolitinib	 potentially	
inhibited	JAK/STAT	pathway-	derived	cytokines,	including	
IL-	6,	IFN-	gamma,	and	several	others	associated	with	refrac-
tory	GVHD,	primary	or	secondary	HLH,	IPF,	and	COVID-	
19-	related	 acute	 respiratory	 distress	 syndrome.4,12,19-	23	
Remarkable	reductions	in	ferritin	and	sIL-	2R	were	observed	
in	our	patient,	resembling	the	reported	response	pattern	for	
secondary	HLH.21,23	KL-	6	and	SP-	D	were	useful	markers	for	
tracking	the	patient's	disease	status.

Plasma	 IL-	6	 is	 significantly	 elevated	 in	 patients	 with	
IPS,	 and	 pulmonary-	derived	 IL-	6	 often	 exacerbates	 IPS,	
leading	 to	 resistance	 to	 steroids	 and	 antitumor	 necrosis	
factor	 therapy.16	 We	 speculate	 that	 the	 elevated	 CRP	 in	
our	 patient	 may	 have	 been	 due	 to	 IL-	6	 dysregulation.24	
Although	 no	 definite	 conclusion	 can	 be	 drawn	 without	
measuring	 the	cytokine	profiles,	 including	 the	 IL-	6	con-
centration,	the	reduction	in	CRP	along	with	other	inflam-
matory	 markers	 in	 our	 patient	 plausibly	 reflected	 IL-	6/
JAK/STAT	 pathway	 inhibition	 after	 ruxolitinib	 adminis-
tration	(Figure 2B).

In	 conclusion,	 ruxolitinib	 was	 effective	 for	 IPS	 with-
out	 any	 severe	 adverse	 effects	 except	 for	 manageable	
pancytopenia	 in	 our	 patient.	 Ruxolitinib	 may	 be	 an	 al-
ternative	 choice	 for	 not	 only	 HSCT-	related	 IPS	 under	
steroid-	refractory	 GVHD	 but	 also	 other	 secondary	
cytokine-	mediated	 interstitial	 lung	 diseases.	 However,	
this	study	involves	only	one	case	without	measurement	of	
precise	cytokine	profiles.	Further	prospective	studies	are	
warranted	to	determine	whether	ruxolitinib	salvage	ther-
apy	is	effective	for	IPS	after	HSCT.
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