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1 	 | 	 INTRODUCTION

Nonislet-	cell	 tumor	 hypoglycemia	 (NICTH)	 is	 a	 rare	 co-
morbidity	that	can	occur	in	patients	with	various	tumors,	
such	 as	 solitary	 fibrosis	 tumor	 (SFT),	 which	 is	 the	 most	
frequent	etiology	at	a	rate	of	5%	and	other	more	rare	tumor	
etiologies,	 such	 as	 hepatocellular	 carcinoma,	 hemangio-
pericytoma,	 and	 fibrosarcoma.1,2	 However,	 owing	 to	 its	
rare	 incidence	 and	 lack	 of	 awareness,	 NICTH	 is	 often	
overlooked	 as	 a	 potential	 cause	 of	 hypoglycemia	 in	 pa-
tients	with	tumors.	Furthermore,	NICTH	often	represents	
a	serious	clinical	problem,	because	most	patients	develop	
tumor	 progression,	 which	 precludes	 surgical	 removal	

and	 causes	 recurrent	 hypoglycemia.	 We	 reported	 a	 case	
of	NICTH	that	developed	 in	a	diabetic	patient	with	ma-
lignant	 mesothelioma,	 and	 who	 required	 chemotherapy,	
corticosteroids,	and	nutritional	supplementation	in	order	
to	achieve	optimal	glycemic	control.

2 	 | 	 CASE PRESENTATION

A	77-	year-	old	Japanese	man	was	admitted	to	our	hospital	
with	a	one-	week	history	of	dyspnea	on	exertion.	He	had	
a	10-	year	history	of	well-	controlled	diabetes	mellitus	and	
had	been	taking	pioglitazone	(15 mg/day)	and	alogliptin	
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Abstract
Nonislet	tumor	hypoglycemia	(NICTH)	is	a	rare	paraneoplastic	syndrome	char-
acterized	by	refractory	hypoglycemia,	which	often	requires	multifaceted	therapy.	
We	reported	a	case	of	a	patient	with	pleural	malignant	mesothelioma	and	devel-
oped	NICTH,	for	which	chemotherapy,	glucocorticoids,	and	nutrition	were	given	
to	achieve	optimal	glycemic	control.
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(25  mg/day).	 His	 occupation	 was	 a	 builder,	 and	 he	 had	
history	of	exposure	to	asbestos	50 years	ago	and	cigarette	
smoking	(0.75	packs	per	day	for	57 years).

Plain	 chest	 X-	ray	 and	 computed	 tomography	 (CT)	
of	 the	 chest	 showed	 diffuse	 pleural	 thickening	 on	 the	
right	 side	 and	 enlargement	 of	 mediastinal	 lymph	 nodes	
(Figure  1A,B).	 18-	Fluoro-	2-	deoxyglucose	 positron	 emis-
sion	 tomography	 and	 CT	 (FDG-	PET/CT)	 revealed	 in-
creased	 FDG	 accumulation	 in	 the	 mediastinal	 lymph	
nodes	 and	 the	 right	 pleura	 (Figure  1C,D).	 Pleural	 fluid	
cytology	showed	aggregation	of	 tumor	cells,	which	were	
proven	on	cell	block	immunocytochemistry	to	be	positive	
for	CK	5/6	and	calretinin	but	negative	 for	TTF1,	napsin	
A,	p40,	and	desmin,	indicating	the	diagnosis	of	malignant	
mesothelioma.	There	was	no	evidence	of	distant	metasta-
sis.	The	patient	was	started	on	a	cycle	of	carboplatin	and	
pemetrexed	every	28 days,	but	the	effect	of	chemotherapy	
was	unremarkable.

At	 47  days	 after	 admission,	 the	 patient	 experienced	
hypoglycemia	with	a	blood	glucose	level	of	57 mg/dl,	for	
which	 he	 received	 intravenous	 glucose.	 His	 hypoglyce-
mic	event	recurred	even	after	withdrawal	of	hypoglyce-
mic	 agents.	 Fasting	 serum	 tests	 showed	 the	 following	
findings:	 insulin	 <0.1  μU/ml	 (normal:	 5–	15  μU/ml),	
C-	peptide	1.1 ng/ml	(normal:	0.61–	2.09 ng/ml),	growth	
hormone	 (GH)	 2.21  ng/ml	 (normal:	 ~2.47  ng/ml),	
insulin-	like	 growth	 factor	 I	 (IGF	 I)	 30  ng/ml	 (nor-
mal:	 48–	177  ng/ml),	 and	 cortisol	 26.4  μg/dl	 (normal:	
7.07–	19.6  μg/dl).	 Serum	 anti-	insulin	 antibodies	 were	
undetectable.

Based	 on	 the	 findings	 of	 recurrent	 hypoglycemia	 de-
spite	withdrawal	of	hypoglycemic	agents,	 low	serum	 in-
sulin	level,	and	the	presence	of	malignant	tumor,	NICTH	
was	suspected.	 In	addition	to	chemotherapy,	oral	hydro-
cortisone	therapy	(40 mg/day)	was	initiated	on	the	48 days	
after	admission.	Based	on	a	previous	report	 that	NICTH	
is	 caused	 by	 high-	molecular-	weight	 insulin-	like	 growth	
factor	 II	 (big	 IGF	 II),	 which	 is	 secreted	 by	 tumors,3	 we	
performed	a	Western	blot	analysis	of	serum	samples	using	
anti-	IGF	II	antibody.	The	result	revealed	that	most	of	the	
IGF	 II	 peptides	 were	 big	 IGF	 II	 (approximately	 25  kDa	
compared	with	the	7.5-	kDa	weight	of	mature	IGF	II),4	al-
lowing	us	to	make	a	final	diagnosis	of	NICTH	(Figure 2A).	
A	positive	anti-	IGF	II	immunostaining	of	the	tumor	cells	
supported	the	diagnosis	of	NICTH	(Figure 2B).

After	two	courses	of	carboplatin	and	pemetrexed	ther-
apy	combined	with	maintenance	hydrocortisone	(40 mg/
day),	the	hypoglycemia	resolved	and	the	serum	level	of	big	
IGF	II	decreased	at	69 days	after	admission	(Figure 2A).	
However,	because	 the	 tumor	grew	despite	 repeated	che-
motherapy,	he	needed	to	receive	increasing	doses	of	corti-
costeroids	with	up	to	30 mg/day	of	prednisolone/day	and	
400 mg/day	of	hydrocortisone	in	order	to	control	hypogly-
cemia.	 In	 addition,	 to	 avert	 nocturnal	 hypoglycemia,	 he	
received	uncooked	cornstarch	supplement	dextrin	at	9 g/
day	at	bedtime.	Chemotherapy	was	discontinued	after	five	
courses	because	of	poor	general	condition.	Thereafter,	the	
hypoglycemia	worsened,	and	intravenous	hyperalimenta-
tion	 was	 initiated	 to	 maintain	 optimal	 glycemic	 control.	
Although	 the	 hypoglycemic	 symptoms	 were	 controlled,	

F I G U R E  1  Radiologic	findings.	(A)	Plain	chest	X-	ray	image	shows	diffuse	opacities	in	the	right	lung.	(B)	Contrast-	enhanced	chest	CT	
shows	diffuse	pleural	thickening	on	the	right	side	(arrows)	and	enlargement	of	mediastinal	lymph	nodes	(arrowhead).	(C	and	D)	Axial	PET-	
CT	fusion	(C)	and	maximal	intensity	projection	(MIP)	images	(D)	show	increased	FDG	accumulation	in	the	thickened	pleura	(arrows)	and	
enlarged	mediastinal	lymph	nodes	(arrowhead)
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the	 patient	 died	 of	 respiratory	 failure	 157  days	 after	 the	
onset	of	the	hypoglycemic	episodes	(i.e.,	204 days	after	ad-
mission)	Figure 3.

3 	 | 	 DISCUSSION

IGF	 II,	 which	 is	 a	 7.5-	kDa	 peptide,	 is	 normally	 pro-
duced	by	the	liver	and	other	various	tissues.	In	normal	
human	serum,	most	of	the	IGF	II	peptides	bind	with	the	

IGF-	binding	protein	3	(IGFBP	3)	and	an	acid-	labile	sub-
unit	(ALS)	to	form	a	150-	kDa	ternary	complex.	Because	
of	its	 large	molecular	mass,	the	ternary	complex	is	un-
able	to	pass	the	capillary	membrane.1,3,4	In	patients	with	
NICTH,	however,	the	tumor	secretes	incompletely	pro-
cessed	precursors	of	IGF	II	(i.e.,	big	IGF	II:	10–	30 kDa),	
which	form	a	binary	complex	with	IGFBP	3	but	do	not	
form	 a	 trimer	 with	 ALS.1,3–	5	 This	 smaller	 binary	 com-
plex	 has	 a	 relatively	 high	 capillary	 permeability	 and	
therefore	 can	 easily	 mobilize	 into	 tissues	 and	 cause	

F I G U R E  2  (A)	Western	blot	analysis	
of	the	serum	samples	using	anti-	IGF	II	
antibody	shows	that	majority	of	the	IGF	II	
peptide	peptides	are	large	(approximately	
25 kDa).	The	molecular	weight	of	
recombinant	human	IGF	II	(rh	IGF	II)	
is	7.5 kDa.	(B)	Immunocytochemical	
staining	of	the	cell	blocks	obtained	
from	the	pleural	fluid	reveals	positive	
immunosignals	for	the	anti-	IGF	II	
antibody	in	the	tumor	cells

F I G U R E  3  Timeline	of	the	patient's	
clinical	course
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hypoglycemia	through	its	action	on	the	insulin	receptor	
or	IGF	I	receptor.1,3,4	Moreover,	increased	IGF	II	activ-
ity	 suppresses	 the	 secretion	of	 insulin,	 IGF	I,	and	GH;	
low	GH	decreases	ALS	and	IGFBP	3 levels,	which	allow	
less	binding	of	big	IGF	II	to	potentiate	hypoglycemia.1,3,4	
Therefore,	 as	 presented	 in	 our	 case,	 the	 typical	 serum	
laboratory	findings	in	patients	with	NICTH	include	low	
glucose	 with	 low	 levels	 of	 insulin,	 C-	peptide,	 GH,	 and	
IGF	1.	In	addition	to	its	hypoglycemic	action,	increased	
IGF	II	activity	in	NICTH	may	stimulate	tumor	progres-
sion,	because	IGF	II	was	reportedly	a	mitogen.4

Although	 NICTH	 is	 a	 rare	 complication	 of	 mesothe-
lioma,	 up	 to	 8%	 of	 all	 NICTH	 cases	 were	 reportedly	 ac-
counted	 for	 by	 mesothelioma.2	 The	 mainstay	 treatment	
of	NICTH	is	complete	removal	of	the	tumor.1,3	However,	
most	patients	with	mesothelioma	are	inoperable	at	diag-
nosis	and	need	a	multidisciplinary	approach	that	aims	to	
controlling	 hypoglycemia,	 because	 the	 available	 chemo-
therapy	 regimens	 achieve	 poor	 results.	 Corticosteroids	
have	been	shown	to	be	 the	most	effective	 for	NICTH	by	
stimulating	gluconeogenesis,	suppressing	the	production	
of	big	IGF	II,	and	correcting	 the	biochemical	abnormal-
ities	 that	 involve	 the	GH–	IGF	axis.3,6	 In	our	patient,	 the	
first	course	of	chemotherapy	with	carboplatin	and	peme-
trexed	 failed	 to	 prevent	 the	 onset	 of	 hypoglycemic	 epi-
sodes.	However,	 the	second	course	of	 the	same	regimen	
in	combination	with	daily	supplementation	of	hydrocorti-
sone	(40 mg/day)	successfully	prevented	the	development	
of	hypoglycemia	and	reduced	the	serum	level	of	big	IGF	
II,	 suggesting	 the	 beneficial	 effect	 of	 corticosteroids	 on	
NICTH.	In	this	patient,	despite	the	subsequent	progressive	
tumor	 growth,	 hypoglycemia	 was	 fairly	 well-	controlled	
by	 increasing	 the	 doses	 of	 corticosteroids.	 Although	 the	
tumor	 size	was	not	 significantly	 reduced,	 chemotherapy	
with	carboplatin	and	pemetrexed	also	played	a	beneficial	
role	in	ameliorating	hypoglycemia.	In	fact,	hypoglycemia	
occurred	 more	 often	 immediately	 before	 than	 after	 the	
course	of	chemotherapy	and	worsened	further	after	than	
before	discontinuation	of	chemotherapy.

Adequate	 caloric	 support	 is	 also	 important	 for	 the	
management	of	NICTH.	In	addition	to	oral	glucose	and/
or	 intravenous	 glucose-	containing	 fluids	 as	 necessary,	
our	 patient	 ingested	 uncooked	 cornstarch	 (i.e.,	 dextrin)	
at	 bedtime	 to	 prevent	 nocturnal	 hypoglycemia	 through	
the	 slow	 release	 of	 glucose.	 When	 oral	 food	 intake	 was	
restricted	 because	 of	 the	 deteriorated	 general	 condition,	
he	 eventually	 received	 intravenous	 hyperalimentation	
with	high	glucose	concentration	to	prevent	hypoglycemia.	
This	comprehensive	approach	to	optimize	glycemic	con-
trol	 avoided	 the	 occurrence	 of	 severe	 hypoglycemic	 epi-
sodes	and	helped	keep	the	patient	conscious	until	he	died	
of	respiratory	failure.	The	treatment	modalities	that	were	

utilized	in	the	case	reports	on	NICTH	but	were	not	tried	
in	our	patient	include	recombinant	human	GH,	glucagon,	
and	octreotide.1,4

In	 patients	 with	 tumors	 and	 hypoglycemia	 without	
clear	etiology,	NICTH	should	be	considered.	Although	a	
rare	complication	of	mesothelioma,	NICTH	could	cause	
severe	refractory	hypoglycemia,	because	complete	tumor	
resection	 is	 not	 feasible	 in	 most	 cases	 of	 mesothelioma.	
In	the	management	of	such	NICTH	cases,	a	multifaceted	
therapeutic	approach,	including	anticancer	drugs,	cortico-
steroids,	and	nutrition,	uncooked	cornstarch,	and	hyperal-
imentation	may	be	required.
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