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1 	 | 	 INTRODUCTION

Children	and	adolescents	diagnosed	with	acute	 lympho-
blastic	leukaemia	(ALL),	Hodgkin's	lymphoma	(HL)	and	

non-	Hodgkin's	lymphoma	(NHL)	are	treated	with	specific	
and	 individual	chemotherapy	protocols	 sometimes	com-
bined	with	 radiotherapy	and/or	hematopoietic	 stem	cell	
transplant	(HSCT).	Thanks	to	research	initiatives	allowing	
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Abstract
Background: Secondary	 forms	 of	 diabetes	 are	 often	 understudied	 and	 under-
diagnosed	in	children	and	adolescents	with	cancer.	The	objectives	of	our	cohort	
study	were	to	study	the	incidence	and	risk	factors	for	hyperglycaemia	in	leukae-
mia	and	lymphoma	patients.
Methods: We	retrospectively	collected	15 years	of	data	from	paediatric	patients	
treated	 for	 acute	 lymphoblastic	 leukaemia	 (ALL),	 Hodgkin's	 lymphoma	 (HL),	
and	non-	Hodgkin's	lymphoma	(NHL)	immediately	at	cancer	diagnosis.	We	stud-
ied	risk	factors	for	hyperglycaemia	in	univariate	and	multivariate	analyses.
Results: Our	study	cohort	included	267	patients	corresponding	to	179	patients	
with	 ALL,	 48	 with	 NHL	 and	 40	 with	 HL.	 Eighteen	 per	 cent	 of	 ALL	 patients	
(32/179)	and	17%	of	NHL	patients	(8/48)	developed	hyperglycaemia,	with	more	
than	61%	developing	hyperglycaemia	within	the	first	month	of	treatment.	No	hy-
perglycaemia	was	observed	in	HL	patients.	Multivariate	analysis	showed	the	fol-
lowing	hyperglycaemia	risk	factors	for	ALL	patients:	overweight	or	obesity	(OR	
3.793)	and	pubertal	onset	(OR	4.269)	at	cancer	diagnosis,	steroid-	resistant	disease	
(OR	3.445)	and	hematopoietic	stem	cell	transplant	(HSCT)	(OR	4.754).
Conclusion: In	our	cohort,	18%	of	patients	with	ALL	or	NHL	developed	early-	
onset	hyperglycaemia	after	chemotherapy/radiotherapy.	Patients	with	ALL	with	
increased	hyperglycaemia	risk	can	be	readily	identified	by	measuring	BMI	and	
puberty	stage	at	cancer	diagnosis.	Also,	glucose	monitoring	should	be	reinforced	
when	patients	show	steroid-	resistant	disease	and/or	require	HSCT.

K E Y W O R D S

diabetes	mellitus,	leukaemia,	lymphoma,	overweight,	radiotherapy,	stem	cell	transplantation,	
steroids

This	is	an	open	access	article	under	the	terms	of	the	Creative	Commons	Attribution-	NonCommercial-	NoDerivs	License,	which	permits	use	and	distribution	in	any	
medium,	provided	the	original	work	is	properly	cited,	the	use	is	non-	commercial	and	no	modifications	or	adaptations	are	made.
©	2021	The	Authors.	Diabetic Medicine	published	by	John	Wiley	&	Sons	Ltd	on	behalf	of	Diabetes	UK.

www.wileyonlinelibrary.com/journal/dme
mailto:
https://orcid.org/0000-0003-0282-1489
mailto:sophie.welsch@uclouvain.be
http://creativecommons.org/licenses/by-nc-nd/4.0/


2 of 12 |   WELSCH et al.

constant	re-	evaluation	of	these	protocols,	the	survival	rate	
of	childhood	cancer	exceed	83%.1	However,	the	effective-
ness	of	these	treatments	is	not	without	consequences:	50%	
of	 childhood	 cancer	 survivors	 (CCS)	 develop	 endocrine	
sequelae	including	metabolic	syndrome	and	glucose	me-
tabolism	disorders	such	as	diabetes,	insulin	resistance	and	
impaired	glucose	tolerance	(IGT).2–	4	In	the	general	popu-
lation,	diabetes	confers	two	to	three	times	increased	risk	
of	cardiovascular	disease	and	corresponds	to	12%–	55%	of	
cases	of	end-	stage	renal	disease	worldwide,5	being	as	such	
the	7th	expected	leading	cause	of	death	by	2030.6

In	 CCS,	 the	 incidence	 of	 hyperglycaemia	 is	 still	 ill- 
defined	 and	 might	 range	 between	 11%	 and	 35%	 of	 cas-
es.7–	13	Moreover,	despite	the	whole	body	of	evidence	that	
asparaginase,12	steroids14	and	total	body	 irradiation15	 in-
crease	the	risk	of	developing	hyperglycaemia	and	diabe-
tes,	risk	factors	are	missing	and	–		asides	from	treatments	
–		understudied	(e.g.,	pre-	existing	obesity,	sex,	age,	ethnic-
ity,	family	history	of	diabetes,	etc.).

The	 purpose	 of	 our	 study	 was	 to	 assess	 the	 incidence	
and	 associated	 risk	 factors	 of	 developing	 hyperglycaemia	
in	children	and	adolescents	diagnosed	with	ALL,	HL	and	
NHL.	Deciphering	the	factors	associated	with	the	onset	of	
hyperglycaemia	in	paediatric	patients	treated	for	cancer	will	
provide	 leverage	 for	 lifestyle	 or	 therapeutic	 intervention	
from	a	prevention	perspective	in	newly	diagnosed	patients.

2 	 | 	 MATERIALS AND METHODS

2.1	 |	 Study design

The	DIABONCO	retrospective	study	is	being	carried	out	
in	 collaboration	 with	 the	 Paediatric	 Haematology	 and	
Oncology	 (Institut	 Roi	 Albert	 II)	 of	 Cliniques	 universi-
taires	Saint-	Luc	in	Belgium	(Brussels).	Our	investigations	
included	 patients	 receiving	 treatment	 protocols	 confer-
ring	 a	 diabetogenic	 risk.	 These	 included	 the	 total	 body,	
cranial,	and	abdominal	 irradiation	(respectively	TBI,	CI,	
and	 AI),	 steroids	 and	 L-	asparaginase.	 Our	 cohort	 was,	
therefore,	composed	of	patients	treated	for	acute	lymph-
oblastic	 leukaemia	 (ALL),	 Hodgkin's	 lymphoma	 (HL)	
and	 non-	Hodgkin's	 lymphoma	 (NHL).	 The	 local	 ethical	
committee	 (Saint-	Luc	 and	 UCL	 Hospital-	Faculty	 Ethics	
Committee)	approved	this	study	protocol	(approval	num-
ber	2018/20MAR/122)	and	the	study	was	conducted	in	ac-
cordance	with	the	Declaration	of	Helsinki.

2.2	 |	 Inclusion and exclusion criteria

We	 included	 all	 children	 and	 adolescents	 aged	 0	 to	
18  years	 treated	 with	 the	 aforementioned	 diabetogenic	

treatment	protocols	and	diagnosed	at	Cliniques	universi-
taires	Saint-	Luc	with	ALL,	NHL	or	HL	between	January	
2004	and	December	2019.	We	excluded	patients	with	an	
incomplete	 file	 or	 a	 history	 of	 the	 following	 conditions:	
previous	diabetes	 (i.e.	 type	1,	 type	2,	neonatal	or	mono-
genic	 diabetes),	 pancreatitis,	 steatosis,	 Down	 syndrome,	
pancreas	 and	 liver	 surgery,	 kidney	 disease	 and	 previous	
cancer	other	than	leukaemia	and	lymphoma.

The	patients	were	stratified	according	to	the	presence	or	
absence	 of	 hyperglycaemia	 during	 the	 treatment	 protocol	
and	during	clinical	follow-	up,	which	ended	in	August	2020.	
The	groups	were	called	the	"hyperglycaemia-	positive	ALL,	
NHL	 or	 HL"	 and	 the	 “hyperglycaemia-	free	 ALL,	 NHL	 or	
HL".

2.3	 |	 Treatments protocols

In	 Belgium,	 ALL,	 HL	 and	 NHL	 paediatric	 patients	 are	
treated	with	chemotherapy	and	radiotherapy	according	to	
international	guidelines.	Several	protocols	were	used	for	the	
three	pathologies	depending	on	 the	 treatment	era,	 the	 se-
verity	of	 the	disease,	 the	age	of	patients	and	 the	 response	
to	 treatment.	Despite	 some	differences	 in	protocols	 in	 the	
same	 cohort,	 the	 treatment	 pattern	 remains	 unchanged.	
For	ALL	patients,	the	theoretical	treatment	lasts	at	least	two	
years	and	begins	with	pre-	phase	with	the	introduction	dur-
ing	seven	days	of	steroids	and	followed	by	induction	with	
21  days	 of	 steroids,	 consolidation,	 interval,	 re-	induction	
with	also	21 days	of	steroids	and	finishes	with	maintenance	
phase,	 which	 sometimes	 includes	 steroids	 (Table  S1	 and	
Figure S1).	Treatments	for	NHL	and	HL	are	much	shorter	

Novelty statement
•	 It	is	well	known	that	hyperglycaemia	in	child-

hood	cancer	is	caused	by	the	use	of	steroids,	as-
paraginase	and	total	body	irradiation.

•	 Two	 new	 risk	 factors	 of	 hyperglycaemia	 were	
identified	 in	 paediatric	 patients	 with	 acute	
lymphoblastic	leukaemia:	puberty	and	steroid-	
resistant	disease.

•	 This	 work	 will	 help	 clinicians	 to	 identify	 pa-
tients	 with	 acute	 lymphoblastic	 leukaemia	 at	
risk	 of	 early	 onset	 of	 hyperglycaemia,	 by	 con-
sidering	 BMI	 and	 pubertal	 stage	 as	 potential	
markers	and	by	monitoring	blood	glucose	 lev-
els	closely	during	treatment	intensification	for	
steroid-	resistant	 disease	 or	 relapse,	 especially	
when	total	body	irradiation	and	stem	cell	trans-
plantation	are	required.
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than	ALL	treatment	and	last	a	maximum	of	six	months.	If	
an	 ALL	 patient	 presents	 steroid-	resistance	 disease	 at	 the	
end	of	the	pre-	phase,	the	protocol	will	be	intensified	with	an	
extended	consolidation	phase	with	longer	doses	of	steroids	
and	L-	asparaginase.	When	ALL	patient	presents	a	 relapse	
during	treatment	or	abnormal	cytogenetics,	HSCT	may	be	
considered,	some	of	them	with	TBI.

2.4	 |	 Diagnosis of hyperglycaemia

According	 to	 guidelines	 of	 the	 international	 consen-
sus	 for	 diabetes	 of	 the	 American	 Diabetes	 Association	
(ADA),	we	considered	that	patients	developed	hypergly-
caemia	when	random	capillary	blood	or	plasma	glucose	
levels	exceeded	11 mmol/L	(200 mg/dl),	for	at	least	two	
measurements	separated	by	24 h.	Hyperglycaemia	was	
identified	 based	 on	 glycaemic	 measurements	 during	
treatment	 protocols	 and	 clinical	 follow-	up.	 Inpatients	
are	 subjected	 to	 daily	 blood	 analyses,	 which	 periodi-
cally	include	the	measurement	of	plasma	glucose	levels.	
When	 hyperglycaemia	 occurs,	 the	 theoretical	 protocol	
implemented	 in	 clinics	 requires	 the	 confirmation	 of	
this	 hyperglycaemia	 by	 plasma	 glucose	 measurement	
and	 capillary	 glucose	 monitoring	 until	 resolution	 of	
hyperglycaemia.

2.5	 |	 Variables of interests

For	 all	 patients,	 the	 following	 data	 were	 collected	 and	
managed	 using	 REDCap	 (Research	 Electronic	 Data	
Capture)	tools16,17	provided	by	the	Vanderbilt	University	
(Nashville,	 USA)	 and	 hosted	 at	 Cliniques	 universitaires	
Saint-	Luc.	We	collected	personal	patient	data	such	as	sex,	
date	 of	 birth,	 country	 of	 origin,	 weight,	 height	 and	 ges-
tation	 at	 birth,	 complications	 during	 pregnancy	 (pre-		 or	
post-	term,	 events,	 foetal	 macrosomia),	 dysmaturity,	 hy-
poglycaemia	and	hyperglycaemia	in	the	neonatal	period,	
the	 presence	 or	 absence	 of	 previous	 overweight	 (BMI	
>85th	 centile)/obesity	 (BMI	 >95th	 centile),18	 endocrine	
disease,	autoimmune	disease,	acanthosis	nigricans,	sickle	
cell	anaemia,	any	chronic	treatment,	date	of	death	if	the	
patient	 died.	 Regarding	 the	 patient's	 family	 history,	 we	
registered	the	presence	or	absence	of	previous	gestational	
diabetes,	 polycystic	 ovarian	 syndrome,	 infertility,	 dysto-
cia,	 consanguinity,	 diabetes,	 metabolic	 syndrome,	 sickle	
cell	anaemia,	pancreatic	or	liver	surgery.

We	 also	 gathered	 information	 about	 the	 primary	 di-
agnosis	and	its	treatment:	type	of	cancer,	diagnosis	date,	
stage	and	localization	of	the	tumour,	anthropometric	data	
on	 diagnosis,	 tanner	 stage,	 blood	 pressure	 (systolic	 and	

diastolic),	 treatments	 protocols	 (presence	 or	 absence	 of	
steroids,	 asparaginase,	 radiotherapy	 and	 HSCT)	 and	 the	
presence	of	treatment	side	effects	such	as	steroid-	resistant	
disease,	allergy	to	asparaginase,	pancreatitis	and	steatosis	
induced	by	treatment	protocol.

When	the	patient	developed	hyperglycaemia	more	than	
twice,	 we	 reported	 the	 date,	 the	 anthropometric	 data	 of	
onset,	the	blood	pressure,	the	treatment	for	the	hypergly-
caemia	(e.g.	insulin	therapy,	metformin),	its	doses	per	day	
and	its	duration.	To	obtain	the	number	of	blood	glucose	
levels	 recorded,	 we	 counted	 all	 blood	 glucose	 measure-
ments	from	the	start	of	treatment	protocol	until	 the	end	
of	our	study	(August	2020).	The	duration	of	blood	glucose	
monitoring	was	evaluated	by	counting	blood	glucose	mea-
surements	 performed	 without	 an	 interruption	 of	 more	
than	6 months	and	deceased	patients	were	excluded.	To	
evaluate	the	percentage	of	patients	having	been	tested	for	
blood	glucose	after	 the	maintenance	phase,	we	 included	
only	 ALL	 patients	 treated	 before	 2015	 and	 HL	 patients	
treated	before	2017	to	have	a	sufficient	delay	between	the	
end	of	 the	maintenance	phase	and	the	end	of	our	study	
for	 the	 metabolic	 outcome	 monitoring.	 Standard	 devia-
tion	score	(SDS)	for	height,	weight	and	BMI	were	assessed	
using,	respectively,	Belgian	Flemish	reference	charts	and	
Cole's	Corpulence	Curve.19,20

2.6	 |	 Statistical analysis

Descriptive	statistics	were	used	to	summarize	the	results	
considering	numbers	and	percentages	for	discrete	varia-
bles,	means	with	standard	deviations	(SD)	and	medians	
with	interquartile	range	(IQR)	for	continuous	variables.	
The	 clinical	 characteristics	 of	 patients	 were	 compared	
according	 to	 the	 occurrence	 or	 not	 of	 hyperglycaemia	
using	Student's	t	test	or	Mann–	Whitney	test	(as	appro-
priate)	for	continuous	variables	and	Fisher	exact	test	for	
discrete	variables.	Kaplan-	Meier	estimates	of	the	prob-
ability	of	 remaining	 free	of	hyperglycaemia	were	plot-
ted.	A	binary logistic	regression	analysis	was	performed	
to predict	hyperglycaemia	occurrence	from	all	potential	
predictors	available	by	estimating	odds	ratios	and	their	
95%	confidence	intervals.	All	covariates	with	a	p-	value	
less	 than	 0.10	 in	 univariate	 analysis	 were	 introduced	
into	a	multivariate	model	(Wald	Chi-	Square).	Variance	
inflation	 factor	analysis	was	performed	 to	detect	a	po-
tential	multicollinearity	problem.	A	backward	elimina-
tion	 strategy	 was	 used	 to	 estimate	 the	 best	 prediction	
model.	 Analyses	 were	 performed	 using	 SAS	 V9.4  soft-
ware	 (SAS	 Institute	 Inc.).	 All	 p-	values	 were	 two-	sided	
and	 values	 less	 than	 0.05	 was	 considered	 statistically	
significant.
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3 	 | 	 RESULTS

3.1	 |	 Patient characteristics

We	included	267	children	and	adolescents	out	of	303	pa-
tients	 (Figure  1)	 treated	 in	 the	 Cliniques	 universitaires	
Saint-	Luc	from	January	2004	and	December	2019,	divided	
as	such:	179	(67.0%)	patients	were	diagnosed	with	ALL,	48	
(18.0%)	with	NHL	and	40	(15.0%)	with	HL.	We	excluded	
36	 patients	 because	 of	 an	 incomplete	 file	 (nALL  =  5;	
nNHL = 2;	nHL = 2),	down	syndrome	(nALL = 2),	death	
soon	after	cancer	diagnosis	(nALL = 5),	tumour	removal	
with	no	chemotherapy	(nNHL = 2),	previous	transplanta-
tion	of	liver	(nNHL = 8),	kidney	(nNHL = 2)	or	cardiac	
(nNHL = 1)	and	cancer	other	 than	 leukaemia	and	 lym-
phoma	(nALL = 2;	nNHL = 5).	Clinical	characteristics	of	
the	three	cohorts	are	summarized	in	Table 1.

3.2	 |	 Treatments characteristics

Treatment	 characteristics	 are	 presented	 in	 Table  2.	 The	
median	duration	of	cancer	treatment	was	32.9	(25.6;	33.7)	
months	 for	ALL	patients,	3.5	 (2.6;	13.1)	months	and	3.8	
(2.8;	6.2)	months	for	NHL	and	HL	patients,	respectively.	
All	three	cohorts	received	steroids	whereas	asparaginase	
was	prescribed	to	ALL	(100.0%)	and	NHL	cohorts	(33.3%)	
but	not	to	HL	patients.	The	proportion	of	patients	receiving	
radiotherapy	was	9.5%,	6.3%	and	37.5%	in	the	ALL,	NHL	

and	 HL	 cohorts.	 Patients	 from	 the	 ALL	 cohort	 required	
cranial	(64.7%)	and	total	body	(41.2%)	radiotherapy,	while	
HL	 patients	 received	 abdominal	 (66.7%)	 and	 cervical	
(33.3%)	irradiation.	Of	the	three	irradiated	patients	of	the	
NHL	cohort,	each	received	radiation	at	a	different	site	(AI,	
CI,	TBI).	The	frequency	of	patients	requiring	HSCT	was	
9.5%	(17/179),	10.4%	(5/48)	and	7.5%	(3/40)	for	the	ALL,	
NHL	and	HL	cohorts,	respectively.

3.3	 |	 Incidence and evolution of 
hyperglycaemia during the treatment

Of	the	267	children	and	adolescents,	17.9%	(32/179)	of	the	
ALL	patients	and	16.7%	(8/48)	of	NHL	patients	developed	
hyperglycaemia	 (Table  3).	 No	 hyperglycaemia	 was	 ob-
served	in	the	HL	cohort.

Hyperglycaemia	 developed	 rapidly	 after	 initiation	 of	
chemotherapy	protocols:	approximatively	61.0%	(19/32)	of	
ALL	patients	and	all	NHL	patients	except	one	(7/8)	devel-
oped	hyperglycaemia	within	the	first	month	of	treatment,	
corresponding	 to	 pre-		 and	 induction	 phases	 (Figure  2).	
The	median	number	of	blood	glucose	measurements	re-
corded	per	patient	was	24	(19;	36)	for	ALL	patients,	26	(18;	
40)	for	NHL	patients,	and	5	(3;	7)	for	HL	patients	(Table 3).	
The	median	duration	of	follow-	up	of	blood	glucose	levels	
recorded	during	treatment	protocols	was	8.6 months	(6.2;	
12.7)	and	3.6 months	(2.4;	6.1)	for	ALL	and	NHL	patients,	
respectively,	 and	 covered	 the	 four	 first	 phases	 of	 cancer	

F I G U R E  1  Flow	chart	of	the	study.	Out	of	303	patients	treated	in	the	Cliniques	Universitaires	Saint	Luc	(CUSL)	from	January	2004	and	
December	2019,	179	(67%)	patients	were	diagnosed	with	Acute	lymphoblastic	leukaemia	(ALL),	48	(18%)	with	non-	Hodgkin	lymphoma	
(NHL)	and	40	(15%)	with	Hodgkin	lymphoma	(HL).	n,	number	of	patients

ALL, NHL and LH treated in 
CUSL from 2004 to 2019

Three cohorts, n=303

Acute lymphoblas�c 
Leukaemia

n=179 (67%)

Non-Hodgkin 
Lymphoma

n=48 (18%)

Hodgkin        
Lymphoma

n=40 (15%)

Pa�ents excluded
- Incomplete file (nALL =5; nNHL=2; nHL=2)
- Previous transplanta�on of liver (nNHL=8), kidney (nNHL=2) or cardiac (nNHL=1)
- Cancer other than leukaemia and lymphoma (nALL=2; nNHL=5)
- Tumour removal with no chemotherapy (nNHL=2)
- Death soon a�er cancer diagnosis (nALL=5)
- Down syndrome (nALL=2)

n=36 (12%)
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treatment	for	ALL	patients	and	all	the	treatment	protocol	
period	for	NHL	patients	(Table 3,	Figures S1	and	S2).	Blood	
glucose	 measurements	 are	 constantly	 performed	 during	
treatment	 protocols	 for	 ALL	 and	 NHL	 patients,	 with	 a	
peak	 during	 the	 induction	 phase	 and	 a	 decrease	 during	
maintenance	 and	 remission	 phases	 (Figures  S1	 and	 S2).	
For	HL	patients,	median	blood	glucose	monitoring	lasted	
4 days	(1;	68)	and	was	close	to	diagnosis	(Table 3).	The	per-
centage	of	patients	with	blood	glucose	recorded	after	the	
maintenance	phase	for	the	metabolic	outcome	monitoring	

was	77.8%	(91/117),	76.7%	(33/43)	and	88.9%	(32/36)	 for	
ALL,	NHL	and	HL	patients,	respectively	(Table 3).

At	12 months	post	ALL	treatment,	the	probability	of	re-
maining	free	of	hyperglycaemia	was	83.8%	and	remained	
relatively	unchanged	thereafter	(end	in	August	2020).	In	
the	NHL	group,	 this	probability	 remained	unchanged	at	
85.4%	after	one	month	of	cancer	treatment	(Figure 3).	Half	
(16/32)	 of	 the	 hyperglycaemia-	positive	 ALL	 cohort	 and	
three	out	of	eight	hyperglycaemia-	positive	NHL	patients	
were	treated	with	insulin	and	all	required	insulin	therapy	

T A B L E  1 	 Patients	characteristics

Acute lymphoblastic leukaemia Non- Hodgkin lymphoma
Hodgkin 
lymphoma

N 179 48 40

Age	at	cancer	diagnosis,	median	(P25–	P75) 4.8	(3.1;	10.8) 9.7	(7.1;	13.8) 13.2	(10.4;	15.5)

[0–	8]	years	[n	(%)] 120	(67.0) 16	(33.3) 6	(15.0)

[9–	18]	years	[n	(%)] 59	(33.0) 32	(66.7) 34	(85.0)

Gender,	male	[n	(%)] 107	(59.8) 34	(70.8) 29	(72.5)

Weight	SDS,	median	(P25–	P75) −0.1	(−0.8;	0.5) −0.2	(−0.8;	0.8) −0.1	(−0.7;	0.5)

Height	SDS,	median	(P25–	P75) 0.1	(−0.5;	0.6) 0.0	(−0.3;	0.5) −0.2	(−0.7;	0.5)

Body	Mass	Index	SDS,	median	(P25–	P75) −0.3	(−1;	0.6) −0.4	(−1.1;	1.1) 0.0	(−0.8;	0.8)

Tanner	staging	P < 2	[n	(%)] 138	(77.1) 28	(58.3) 16	(40.0)

Tanner	staging	M/G < 2	[n	(%)] 138	(77.1) 27	(56.2) 17	(42.5)

Death	[n	(%)] 17	(9.5) 5	(10.4) 0	(0.0)

Abbreviations:	G,	genital;	M,	mammary;	P,	pubic;	SDS,	standard	deviation	score.

T A B L E  2 	 Treatments	characteristics

Acute lymphoblastic leukaemia
Non- Hodgkin 
lymphoma

Hodgkin 
lymphoma

N 179 48 40

Duration	of	cancer	treatment,	month,	median	
(P25;	P75)

32.9	(25.6;	33.7) 3.5	(2.6;	13.1) 3.8	(2.8;	6.2)

Cancer	treatment	lower	risk	[n	(%)] 151	(84.4) 38	(79.2) 40	(100.0)

Cancer	treatment	higher	risk	[n	(%)] 28	(15.6) 10	(20.8) —	

Treatment	with	steroids	[n	(%)] 179	(100.0) 48	(100.0) 40	(100.0)

Treatment	with	asparaginase	[n	(%)] 179	(100.0) 16	(33.3) —	

Treatment	with	radiotherapy	[n	(%)] 17	(9.5) 3	(6.3) 15	(37.5)

Cranial	irradiation	[n	(%)] 11	(6.1) 1	(2.1) —	

Total	body	irradiation	[n	(%)] 7	(3.9) 1	(2.1) —	

Abdominal	irradiation,	[n	(%)] —	 1	(2.1) 10	(25.0)

Cervical	irradiation	[n	(%)] —	 —	 5	(12.5)

Total	irradiation	doses,	Grays,	median	(P25;	P75) 18	(12;	18) 10	(8;	18) 40	(20;	40)

Treatment	with	HSCT	[n	(%)] 17	(9.5) 5	(10.4) 3	(7.5)

Allogenic	transplantation	[n	(%)] 15	(8.4) 2	(4.2) —	

Autologous	transplantation	[n	(%)] 2	(1.1) 3	(6.2) 3	(7.5)

Asparaginase-	induced	pancreatitis	[n	(%)] 2	(1.1) 1	(2.1) —	

Abbreviation:	HSCT,	hematopoietic	stem	cell	transplantation.
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only	during	a	treatment	protocol,	except	one	ALL	patient	
who	remained	insulin-	dependent	(Table 3).	Besides	this,	
only	known	case	from	our	cohort	with	persistent	diabetes,	
the	median	duration	of	insulin	therapy	for	the	16	patients	
with	ALL	and	the	three	patients	with	NHL	was	15 days	(3;	
30)	and	13 days	(12;14),	respectively.

3.4	 |	 Risk factors for hyperglycaemia

In	univariate	analysis,	age	older	than	8 years	and	greater	
BMI	 SDS	 were	 significantly	 associated	 with	 the	 onset	
of	 hyperglycaemia	 (OR	 1.01;	 p  =  0.002	 and	 OR	 20.80;	
p  =  0.008,	 respectively)	 as	 shown	 in	 Table  4	 and	 illus-
trated	 in	 Figure  4.	 Median	 age	 at	 cancer	 diagnosis	 was	
10.8	(3.3;	15.1)	years	for	the	hyperglycaemia-	positive	ALL	
cohort	and	4.4	(3.0;	8.7)	years	for	the	hyperglycaemia-	free	
ALL	cohort	and	median	BMI	SDS	at	cancer	diagnosis	was	
0.2	(−0.8;	1.2)	and	−0.4	(−1.0;	0.5),	respectively	(Table 5).	
Furthermore,	 the	 unadjusted	 odds	 ratio	 of	 hyperglycae-
mia	 for	 a	 patient	 over	 8  years	 old	 was	 higher	 (OR	 4.62)	
compared	to	patients	younger	than	8 years,	and	this	dif-
ference	was	significant	(p < 0.001).	Other	covariates	were	

also	 significantly	 associated	 with	 the	 onset	 of	 hypergly-
caemia	such	as	a	Tanner	stage	at	cancer	diagnosis	equal	
to	or	greater	 than	2	(OR	4.88;	p < 0.001),	a	positive	his-
tory	of	obesity/overweight	(OR	4.29;	p = 0.008),	a	steroid-	
resistant	disease	(OR	3.20;	p = 0.014),	or	HSCT	(OR	5.11;	
p = 0.002).	Furthermore,	high-	risk	treatment	was	associ-
ated	with	hyperglycaemia	development	compared	to	low-	
risk	treatment	(OR	4.01;	p = 0.002)	(Table 4).

After	adjustment	in	the	multivariate	analysis,	the	best	
model	 to	 predict	 hyperglycaemia	 occurrence	 included	
two	 individual	 factors	 and	 two	 factors	 related	 to	 treat-
ment.	ALL	patients	with	a	history	of	obesity/overweight	
(OR	 3.793,	 95%	 CI	 1.026–	14.022),	 a	 pubertal	 stage	 equal	
to	 or	 greater	 than	 2	 (OR	 4.269,	 95%	 CI	 1.676–	10.875)	 at	
cancer	diagnosis,	the	presence	of	steroid-	resistant	disease	
(OR	3.445,	95%	CI	1.114–	10.657)	and	the	use	of	HSCT	(OR	
4.754,	95%	CI	1.099–	20.554)	were	associated	with	a	higher	
risk	of	developing	hyperglycaemia	(Tables 4	and	5).

Due	to	insufficient	statistical	power,	no	association	be-
tween	TBI	and	hyperglycaemia	onset	could	be	demonstrated	
but	five	out	of	the	eight	patients	(seven	ALL	and	one	NHL)	
who	 received	 TBI,	 developed	 hyperglycaemia	 (Table  5).	
The	 same	 observation	 applied	 for	 asparaginase-	induced	

T A B L E  3 	 Incidence	of	hyperglycaemia

Acute lymphoblastic 
leukaemia Non- Hodgkin lymphoma

Hodgkin 
lymphoma

N 179 48 40

Hyperglycaemia	[n	(%)] 32	(17.9) 8	(16.7) 0

Insulin	treatment	[n	(%)] 16	(8.9) 3	(6.3) 0

Number	of	blood	glucose	levels,	median	(P25;	
P75)

24	(19;	36) 26	(18;	40) 5	(3;	7)

Na 162 43 40

Duration	of	blood	glucose	monitoring,	month,	
median	(P25;	P75)

8.6	(6.2;	12.7) 3.6	(2.4;	6.1) 0.13	(0.03;	2.2)

Nb 117 43 36

Patient	with	blood	glucose	recorded	after	
maintenance	phase	[n	(%)]

91	(77.8) 33	(76.7) 32	(88.9)

aDue	to	interrupted	follow-	up,	deceased	patients	(n = 17)	were	excluded.
bDead	patients	and	ALL	patients	treated	after	2015	and	HL	patients	treated	after	2017	were	excluded.

F I G U R E  2  Distribution	of	hyperglycaemia	onset	over	time	in	acute	lymphoblastic	leukaemia	(ALL)	and	non-	Hodgkin	lymphoma	
(NHL)	paediatric	cohorts.	Most	of	(a)	ALL	patients	(61%)	and	(b)	NHL	patients	(87%)	developed	hyperglycaemia	within	the	first	month	of	
treatment	[Colour	figure	can	be	viewed	at	wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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pancreatitis	as	a	risk	factor,	since	logistic	regression	was	not	
possible	 because	 no	 patients	 in	 the	 hyperglycaemia-	free	
ALL	 cohort	 developed	 asparaginase-	induced	 pancreatitis	
during	cancer	treatment.	However,	all	three	patients	(two	
ALL	and	one	NHL)	who	developed	asparaginase-	induced	

pancreatitis,	 subsequently	 developed	 hyperglycaemia	
(p = 0.031)	(Table 5).	In	contrast,	there	was	no	association	
between	cranial	irradiation	and	hyperglycaemia	since	in	a	
total	of	 eleven	ALL	patients	 receiving	cranial	 irradiation,	
only	one	developed	hyperglycaemia	(Table 5).

F I G U R E  3  Kaplan–	Meier	estimates	
of	the	probability	of	remaining	free	of	
hyperglycaemia	in	acute	lymphoblastic	
leukaemia	(ALL)	and	non-	Hodgkin	
lymphoma	(NHL)	paediatric	cohorts.	
(a)	At	12 months	post	ALL	treatment,	
the	probability	of	remaining	free	of	
hyperglycaemia	was	83.8%	and	remained	
relatively	unchanged	thereafter.	(b)	In	
the	NHL	group,	this	probability	remained	
unchanged	at	85.4%	after	one	month	of	
cancer	treatment	[Colour	figure	can	be	
viewed	at	wileyonlinelibrary.com]

 ai
meacylgrepyh fo eerf gninia

mer noitroporP

Probability of remaining free of hyperglycaemia from the beginning of ALL treatment

 ai
meacylgrepyh fo eerf gninia

mer noitroporP

Probability of remaining free of hyperglycaemia from the beginning of NHL treatment

(a)

(b)

https://onlinelibrary.wiley.com/
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T A B L E  4 	 Univariate	(Likelihood	Ratio)	and	multivariate	(Wald	Chi-	Square)	logistic	regression	analyzes	of	factors	leading	to	
hyperglycaemia	occurrence	for	ALL	and	NHL	cohorts

ALL predictors N

Univariate analysis Multivariate analysis

p- value
Odds ratio (95% 
CI) p- value

Odds ratio 
(95% CI)

Age	at	cancer	diagnosis 179 0.002 1.010	(1.004–	1.017)

Age:	[0–	8]	versus	[9–	18] 179 <0.001 4.615	
(2.066–	10.312)

BMI	SDS 179 0.017 1.486	(1.072–	2.059)

BMI	SDS	overweight	versus	Normal	weight 179 0.008 20.800	
(2.231–	193.96)

Cancer	treatment	risk	higher	versus	lower 179 0.002 4.006	(1.649–	9.730)

History	of	overweight	at	cancer	diagnosis 179 0.008 4.293	
(1.464–	12.588)

0.046 3.793	(1.026–	
14.022)

Tanner	staging	≥2 179 <0.001 4.880	
(2.159–	11.032)

0.002 4.269	(1.676–	
10.875)

Steroid-	resistant	disease 179 0.014 3.204	(1.265–	8.113) 0.032 3.445	(1.114–	
10.657)

HSCT 179 0.002 5.111	
(1.795–	14.553)

0.037 4.754	(1.099–	
20.554)

NHL	predictors

Cancer	treatment	risk	higher	versus	lower 48 0.038 5.667	
(1.104–	29.073)

Abbreviations:	ALL,	acute	lymphoblastic	leukaemia;	BMI,	body	mass	index;	CI,	confidence	interval;	HSCT,	hematopoietic	stem	cell	transplantation;	NHL,	
non-	Hodgkin	lymphoma;	SDS,	standard	deviation	score.

F I G U R E  4  (a)	Age	and	(b)	BMI	as	
risk	factors	of	hyperglycaemia	in	acute	
lymphoblastic	leukaemia	(ALL)	paediatric	
cohort.	ALL	patients	with	older	age	and	
higher	BMI	are	more	at	risk	of	developing	
hyperglycaemia.	Each	point	represents	
a	patient.	The	boxplot	represents	the	
median,	the	minimum	and	maximum	
values.	Asterisks	(*,	**)	show	a	significant	
difference	between	hyperglycaemia-	
positive	ALL	and	hyperglycaemia-	free	
ALL	cohorts	(*p < 0.05	and	**p < 0.01;	
Mann–	Whitney	test)	[Colour	figure	can	be	
viewed	at	wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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Due	 to	 the	 low	 number	 of	 NHL	 patients	 and	
hyperglycaemia-	positive	 NHL	 patients,	 the	 univariate	
analysis	 only	 allowed	 us	 to	 identify	 that	 high-	risk	 treat-
ment	 was	 significantly	 associated	 with	 hyperglycaemia	
onset	compared	to	low-	risk	treatment	in	the	NHL	cohort	
(OR	5.67;	p = 0.038)	(Table 4).

There	was	no	difference	in	the	gender,	 family	history	
of	diabetes	or	metabolic	syndrome,	type	T	or	B	cancer	(na-
ture	 of	 the	 disease),	 type	 of	 transplant	 and	 between	 the	
anthropometric	data	reported	at	cancer	and	hyperglycae-
mia	diagnosis	(weight,	height,	BMI).

4 	 | 	 DISCUSSION

Our	study	describes	the	incidence	and	risk	factors	of	hy-
perglycaemia	onset,	 immediately	at	 treatment	 initiation,	
in	 a	 cohort	 of	 paediatric	 patients	 treated	 for	 ALL,	 NHL	
or	HL.	We	showed	that	18%	of	ALL	patients	and	17%	of	
NHL	 patients	 developed	 hyperglycaemia	 described	 as	
random	 capillary	 blood	 or	 plasma	 glucose	 level	 exceed-
ing	11 mmol/L	(200 mg/dl)	for	at	least	two	measurements	
separated	by	24 h.	The	 incidence	of	hyperglycaemia	ob-
served	 in	 our	 ALL	 cohort	 is	 similar	 to	 a	 previous	 study	
carried	out	in	2008	by	the	team	of	Howard	were	16%	out	of	
871	paediatric	patients	with	ALL	presented	hyperglycae-
mia	 during	 the	 treatment.8	 More	 recently,	 three	 studies	
described	16.5%	(22/133)	and	15.7%	(16/102	and	57/363)	
of	ALL	paediatric	patients	with	hyperglycaemia	(in	more	
than	two	consecutive	measurements).9,11,21	The	impact	of	
NHL	treatment	protocols	on	hyperglycaemia	onset	is	less	

studied;	however,	the	study	by	Neville	et	al.	showed	in	a	
smaller	cohort	of	20 NHL	patients	a	high	incidence	of	gly-
caemic	 dysregulation:	 5	 patients	 (25%)	 developed	 either	
hyperinsulinemia,	IGT	or	diabetes.22

In	 our	 study,	 the	 majority	 of	 ALL	 (61%)	 and	 NHL	
(87%)	patients	developed	hyperglycaemia	within	the	first	
month	 of	 chemotherapy,	 corresponding	 to	 pre-		 and	 in-
duction	 phases	 that	 are	 the	 most	 aggressive	 in	 terms	 of	
steroid	doses.	Only	half	of	hyperglycaemia-	positive	ALL	
and	 NHL	 patients	 were	 given	 insulin	 therapy	 and	 one	
hyperglycaemia-	positive	ALL	patient	presented	persistent	
non-	type	1	diabetes.	Also,	we	observed	that	the	majority	
of	the	three	cohorts	(ALL:	77.8%,	NHL:	76.7%	HL:	88.9%)	
benefited	 from	 blood	 glucose	 control	 during	 monitoring	
of	 side	 effects	 but	 this	 monitoring	 did	 not	 include	 a	 dy-
namic	test	such	as	the	oral	glucose	tolerance	test.

Since	all	patients	treated	for	leukaemia	or	lymphoma	
required	steroid	treatment	but	not	all	developed	hypergly-
caemia,	we	sought	to	identify	hyperglycaemia	predispos-
ing	risk	factors	in	our	paediatric	cohort.	Our	multivariate	
analysis	 revealed	 that	 a	 history	 of	 obesity/overweight	 at	
cancer	diagnosis	is	associated	with	a	higher	risk	of	devel-
oping	hyperglycaemia	in	ALL	patients,	as	described	else-
where.7,12,13,23	Also	 similar	 to	other	 studies	presented	by	
Gregoriou	in	a	recent	review,24	being	older	than	10 years	
(Gregoriou)	 or	 8  years	 (this	 paper)	 was	 identified	 as	 a	
strong	 risk	 factor	 of	 hyperglycaemia	 in	 our	 univariate	
analysis	(p < 0.001)	but	was	not	an	independent	risk	fac-
tor	in	our	multivariate	analyses.	Associated	with	the	age	
factor,	we	identified	a	strong	correlation	between	puber-
tal	 entry	 (Tanner	 stage	≥2)	 and	 hyperglycaemia	 risk.	 In	

T A B L E  5 	 Comparison	of	the	clinical	characteristics	of	hyperglycaemia-	positive	ALL	and	hyperglycaemia-	free	ALL	cohorts

Hyperglycaemia- positive ALL, 
n = 32

Hyperglycaemia- free ALL, 
n = 147 p- value

Age	at	cancer	diagnosis,	median	(P25;	P75) 10.8	(3.3;	15.1) 4.4	(3,0;	8.7) 0.016

[0–	8]	[n	(%)] 13	(40.5) 108	(73.5) <0.001

[9–	18]	[n	(%)] 19	(59.5) 39	(26.5)

BMI	SDS,	median	(P25;	P75) 0.2	(−0.8;	1.2) −0.4	(−1.0;	0.5) 0.017

History	of	overweight	[n	(%)] 7	(21.9) 9	(6.1) 0.011

Tanner	staging	≥2	[n	(%)] 16	(50.0) 25	(17.0) <0.001

Steroid-	resistant	disease	[n	(%)] 9	(28.1) 16	(10.9) 0.021

Cancer	treatment	lower	risk	[n	(%)] 21	(65.6) 130	(88.4) 0.003

Cancer	treatment	higher	risk	[n	(%)] 11	(34.4) 17	(11.6)

Radiotherapy	treatment	[n	(%)] 5	(15.6) 12	(8.2) 0.193

Cranial	irradiation	[n	(%)] 1	(3.1) 10	(6.8) NA

Total	body	irradiation	[n	(%)] 4	(12.5) 3	(2.0) NA

Treatment	with	HSCT	[n	(%)] 8	(25) 9	(6.1) 0.003

Asparaginase-	induced	pancreatitis	[n	(%)] 2	(6.3) 0	(0.0) 0.031

Note: Student	t	test	or	Mann–	Whitney	test	for	continuous	variables	and	Fisher	exact	test	for	discrete	variables	were	used	to	obtain	the	p-	values.
Abbreviations:	ALL,	acute	lymphoblastic	leukaemia;	BMI,	body	mass	index;	HSCT,	hematopoietic	stem	cell	transplantation;	SDS,	standard	deviation	score.
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normal	 puberty,	 rising	 sex	 steroid	 and	 growth	 hormone	
levels	 are	 associated	 with	 reduced	 insulin	 sensitivity,	
which	 may	 predispose	 to	 the	 development	 of	 metabolic	
syndrome	in	overweight/obese	children.	Indeed,	reduced	
insulin	 sensitivity	 is	 not	 uncommon	 (8%)	 in	 extremely	
obese	children.25

The	stronger	treatment-	related	risk	factor	for	hypergly-
caemia	that	emerged	from	our	study	is	a	steroid-	resistant	
disease	for	ALL	patients.	Patients	with	a	steroid-	resistant	
disease	 receive	 a	 more	 aggressive	 and	 risky	 treatment	
protocol	 and	 “high-	risk	 treatment”	 was	 associated	 with	
hyperglycaemia	onset	for	ALL	patients	in	our	univariate	
analysis	(OR	4.01;	p = 0.002).	Although	we	do	not	know	
if	patients	received	“high	risk”	treatment	due	to	the	more	
aggressive	nature	of	cancer	or	because	of	steroid-	resistant	
disease.

HSCT	 is	 also	 a	 composite	 risk	 factor	 of	 hyperglycae-
mia	for	ALL	patients	in	our	study.	Indeed,	HSCT	is	often	
preceded	 by	TBI	 and	 may	 require	 the	 use	 of	 steroids	 in	
case	of	graft	versus	host	disease	symptoms.	Studies	carried	
out	on	CCS	showed	that	TBI	and	HSCT	together	increase	
the	risk	of	IGT	and	diabetes.15,22,26	In	our	study,	we	also	
observed	that	ALL	patients	who	received	TBI	followed	by	
HSCT	 tended	 to	 develop	 hyperglycaemia	 (5/8),	 though	
the	number	of	patients	with	TBI	was	insufficient	to	reach	
significance.	Moreover,	in	our	NHL	cohort,	HSCT	did	not	
emerge	as	a	risk	factor	of	hyperglycaemia,	yet	two	out	of	
five	patients	with	HSCT	developed	hyperglycaemia.

L-	asparaginase	 induces	hyperglycaemia	as	a	 result	of	
reduced	insulin	synthesis	due	to	depletion	of	the	available	
pool	 of	 asparagine	 concurrent	 with	 hyperglucagonemia	
and	probably	by	a	reduction	of	the	number	of	insulin	re-
ceptors.27	 In	 agreement	 with	 the	 results	 of	 the	 study	 by	
Irga	et	al.	describing	paediatric	patients	with	ALL,	NHL	
and	severe	aplastic	anaemia,	we	did	not	find	a	correlation	
between	 L-	asparaginase	 treatment	 and	 hyperglycaemia	
onset.28	 However,	 as	 emphasized	 in	 a	 review	 paper	 by	
Hijiya,	 L-	asparaginase-	induced	 pancreatitis	 is	 known	 to	
affect	2%	to	18%	of	ALL	patients	and	consequently	causes	
the	 rapid	 development	 of	 diabetes.29	 In	 our	 study,	 it	 is	
noticeable	 that	 all	 patients	 who	 developed	 pancreatitis	
induced	 by	 L-	asparaginase	 had	 subsequently	 developed	
hyperglycaemia,	although	it	concerns	only	three	patients.

The	 absence	 of	 hyperglycaemia	 observed	 in	 HL	 pa-
tients	can	be	explained	by	several	hypotheses.	Potentially	
less	blood	glucose	monitoring	is	done	linked	to	their	out-
patient	 status,	 compared	 to	 inpatient	 treatment	 for	 ALL	
and	NHL	patients.	In	addition	to	less	blood	glucose	test-
ing,	 there	 is	no	exposure	 to	potential	diabetogenic	 treat-
ment	protocols	such	as	L-	asparaginase	and	TBI,	and	there	
is	 a	 discontinuous	 prescription	 of	 steroids	 with	 a	 lower	
theoretical	 cumulative	 monthly	 dose	 of	 steroids	 for	 HL	
patients	 compared	 to	 ALL	 patients.	 Also,	 HL	 patients	

required	 abdominal	 and	 cervical	 irradiation,	 yet	 we	 re-
trieved	only	TBI	as	a	risk	of	hyperglycaemia	development	
in	our	ALL	cohort.	Abdominal,	cervical	and	cranial	radia-
tion	did	not	appear	to	induce	hyperglycaemia	in	our	study,	
although	this	is	contrary	to	findings	in	other	studies	which	
suggested	the	effect	of	abdominal	radiation.30–	32	Strengths	
of	our	study	include	the	large	sample	size	of	ALL	patients,	
inclusion	of	risk	factors	for	hyperglycaemia,	complete	pa-
tient	 records	 and	 numerous	 harmonized	 blood	 glucose	
data	for	ALL	and	NHL.	Furthermore,	we	studied	the	in-
cidence	 of	 hyperglycaemia	 from	 the	 initiation	 of	 cancer	
treatment	and	not	only	during	remission	(after	2 years).	
One	major limitation	of	our	study	was	the	inclusion	of	pa-
tients	who	received	different	ALL,	NHL	and	HL	treatment	
protocols	from	different	treatment	eras.	The	retrospective	
nature	of	the	study	was	a	limitation	although	patient	re-
cords	were	mostly	complete.	Moreover,	the	availability	of	
blood	glucose	data	varied	and	decreased	in	maintenance	
and	remission	phases	for	the	three	cohorts,	preventing	a	
potential	diagnosis	of	persistent	diabetes	or	late	diabetes	
(i.e.	irradiation	treatment)	and	was	limited	for	HL	patients	
by	the	ambulatory	follow-	up.

In	conclusion,	in	our	paediatric	study,	hyperglycaemia	
was	diagnosed	 in	18%	of	ALL	patients,	17%	of	NHL	pa-
tients	but	not	in	HL	patients.	Puberty	and	overweight	at	
the	 time	 of	 cancer	 diagnosis	 as	 well	 as	 steroid-	resistant	
disease,	HSCT	preceded	by	TBI,	and	asparaginase-	induced	
pancreatitis	was	identified	as	risk	factors	for	hyperglycae-
mia	in	paediatric	patients	with	ALL.	We	believe	our	study	
may	help	clinicians	to	identify	ALL	patients	at	risk	of	early	
onset	of	hyperglycaemia	since	our	study	highlights	the	im-
portance	of	considering	BMI	and	pubertal	stage	as	poten-
tial	markers	 for	 the	onset	of	hyperglycaemia	 in	children	
and	adolescents	receiving	diabetogenic	cancer	treatments.	
In	 addition,	 our	 study	 shows	 the	 importance	 of	 closely	
monitoring	blood	glucose	 levels	during	 treatment	 inten-
sification	when	patients	present	 steroid-	resistant	disease	
or	 relapse,	 especially	when	TBI	and	HSCT	are	 required.	
Recognising	the	reduction	of	available	blood	glucose	levels	
in	the	remission	phase	and	their	absence	in	the	Hodgkin	
lymphoma	cohort,	we	also	point	out	the	need	to	monitor	
blood	glucose	levels	at	each	follow-	up	visit	to	enable	the	
diagnosis	 of	 transient,	 persistent	 or	 late-	onset	 diabetes.	
The	 DIABONCO	 study	 includes	 a	 prospective	 part	 with	
the	 characterization	 of	 survivors	 inside	 hyperglycaemia-	
positive	ALL	and	NHL	cohorts	and	will	be	able	to	evaluate	
the	presence	of	persistent	subclinical	diabetes	or	IGT.
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