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Introduction
Patients	 with	 transfusion-dependent	 haemoglobinopathies	
are at risk of iron overload, which can produce a range of 
cardiac,	 endocrine	 and	 hepatic	 complications;	 prevention	 of	
these	 complications	 requires	 a	 regimen	of	 iron	 chelation.	Until	
recently, the major iron chelator was desferrioxamine, a non-
orally	 bioavailable	 drug	 with	 a	 short	 half-life,	 necessitating	
subcutaneous infusion over several hours, most days of the week, 
making	 adherence	 difficult	 for	 many	 patients.	 Recently, oral 
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Abstract 
Background: Transfused	 thalassaemia	patients	are	at	 risk	of	 cirrhosis.	Transient	
Elastography	 (TE)	 enables	 non-invasive	 liver	 stiffness	measurement	 (LSM).	 The	
Enhanced	Liver	Fibrosis	 (ELF)	score	has	excellent	correlations	with	 liver	fibrosis.	
We	aimed	to	evaluate	the	prevalence	of	and	risk	factors	for	fibrosis	in	a	cohort	of	
adult	patients	with	transfusion	dependent	thalassaemia	using	LSM	and	ELF	testing.

Methods:	All	adults	with	 transfusion-dependent	 thalassaemia	at	our	 institution	
were invited to undergo LSM and ELF measurements. Concurrent and historical 
ferritin,	hepatitis	C	viral	load,	liver	ultrasound	and	T2*	MRI	data	were	obtained.	

Findings: We	 evaluated	 63	 patients	 (mean	 age	 43y,	 46%	 male,	 89.9%	 using	
deferasirox)	for	liver	fibrosis	by	LSM	and	ELF.	By	LSM,	29%	had	fibrosis,	including	
11%	with	 cirrhosis.	 By	 ELF	 score,	 34.4%	 had	 severe	 fibrosis.	 By	multiple	 linear	
regression, LSM was associated with age (P=0.002), presence of detectable 
hepatitis	C	virus	(HCV)	(P=0.002),	and	both	current	(P<0.012)	and	historical	ferritin	
level	(P=0.012)	concentrations	(R2=0.457).	By	multiple	regression,	ELF	score	was	
associated	with	age	(P=0.005)	and	historical	ferritin	levels	(P<0.001).	

Conclusions: Hepatic	fibrosis	and	cirrhosis	are	prevalent	in	adults	with	transfusion-
dependent	 thalassaemia.	 Historical	 iron	 overload	 and	 HCV	 infection	 mediate	
fibrosis	 risk.	 Most	 adult	 patients	 with	 a	 history	 of	 prior	 iron	 loading	 and/or	
untreated	HCV	should	undergo	screening	for	cirrhosis,	irrespective	of	ferritin	level.
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chelators have become available, greatly enhancing acceptability 
of	regular	iron	chelation,	and	potentially	improving	outcomes	[1].	

Transfused	 haemoglobinopathy	 (TH)	 patients	 are	 at	 significant	
risk	of	liver	cirrhosis	due	to	hepatic	iron	loading	and	in	many	cases,	
transfusion	related	Hepatitis	C	virus	(HCV)	[2].	The	complications	
of	siderosis	are	a	 function	of	degree	of	 iron	 load	and	 length	of	
time	over	which	it	occurs	[3].	While	the	improved	tolerability	of	
oral iron chelators may increase adherence, they do not eliminate 
hepatic	effects	of	siderosis	if	iron-induced	fibrosis	has	occurred.	
This	process	may	be	irreversible	even	with	reduction	in	iron	load.	
Thus,	 complications	 from	 cirrhosis	 may	 become	 increasingly	
prominent	in	this	patient	group	as	chelation	ameliorates	mortality	
from	cardiomyopathy	and	patients	are	 living	 longer	 [2,4].	 Early	
identification	of	hepatic	fibrosis	and	cirrhosis	 in	this	population	
is	 crucial	 to	 facilitate	 implementation	 of	 regular	 screening	 for	
complications	 including	 hepatocellular	 carcinoma	 (HCC),	 which	
has	 been	 reported	 to	 develop	 at	 a	 younger	 age	 in	 TH	patients	
compared	to	the	general	population	[4].	

Until	 recently,	 there	 have	 been	 limited	 guidelines	 for	 liver	
fibrosis	screening	 in	the	TH	population	[5].	 Identification	of	the	
prevalence	and	risk	 factors	 for	hepatic	fibrosis	could	result	 in	a	
recommendation	 that	all	 transfusion	dependent	patients,	or	at	
least	those	with	defined	risk	factors,	undergo	regular	screening.	
Inadequacy	 of	 potential	 screening	 tests	 has	 limited	 accurate	
estimates	of	the	prevalence	of	and	risk	factors	for	hepatic	fibrosis	
among	 patients	 with	 transfusion-dependent	 thalassaemia	 and	
conventional	 non-invasive	methods	 for	 identifying	 liver	 fibrosis	
including	 ultrasound	 and	 liver	 biochemistry	 are	 insensitive	 for	
assessing	 the	 degree	 and	 progression	 of	 fibrosis	 [6].	 Although	
liver	biopsy	is	considered	the	gold	standard	method	in	evaluating	
liver	fibrosis	and	liver	iron	concentration,	it	is	invasive,	associated	
with	 recognised	 complications,	 limited	 by	 sampling	 error	 and	
generally	 unacceptable	 to	 asymptomatic	 patients,	 rendering	
it	 an	 inappropriate	 screening	 and	 monitoring	 tool	 [7,8].	 MRI	
T2*/R2	methods	have	been	validated	as	 appropriate	measures	
of	 liver	 iron	and	have	 replaced	biopsy	 in	many	 cases; however, 
conventional	MRI	is	insensitive	to	early	fibrotic	changes.

Non-invasive	 methods	 have	 been	 developed	 to	 facilitate	
estimation	of	liver	fibrosis,	including	liver	stiffness	measurement	
(LSM) by transient elastography (TE) and serum markers such as 
the Enhanced Liver Fibrosis (ELF) panel. LSM has been validated 
in	many	clinical	scenarios	including	HCV	and	non-alcoholic	fatty	
liver	disease	(NAFLD)	[9-11].	It	has	been	studied	in	small	cohorts	
of	 patients	 with	 β-thalassaemia	 and	 found	 to	 be	 predictive	 of	
fibrosis	and	independent	of	liver	iron	levels	[12,13].	The	ELF	panel	
comprises a set of extracellular matrix proteins and is accurate 
in	predicting	significant	fibrosis	in	conditions	including	alcoholic	
liver	disease,	NAFLD,	HCV	and	primary	biliary	 cirrhosis	 [14-19],	
although not yet for thalassaemia. The ELF score was originally 
validated	in	a	large	group	of	patients	with	chronic	liver	disease	of	
different	aetiologies	[14],	after	which	it	was	confirmed	in	a	number	
of	different	patient	groups	[17-21].	The	three	markers	in	the	ELF	
score	reflect	ongoing	fibrogenesis	mostly	at	sinusoidal	levels	and,	
as	 such,	have	a	higher	 sensitivity	and	negative	predictive	value	
for	NAFLD,	post	 transplant	 chronic	HCV	and	hemochromatosis,	
which	are	all	characterised	by	initial	sinusoidal	fibrosis	[22].	The	

pattern	 of	 iron	 deposition	 in	 thalassaemia	 is	 similar	 to	 that	 of	
hemochromatosis	 and	 therefore	 the	 ELF	 is	 a	 potentially	 useful	
marker	 of	 fibrosis	 in	 patients	with	 TH	 [23].	More	 recently,	 the	
combination	 of	 serum	 markers	 with	 LSM	 has	 been	 shown	 to	
increase	accuracy	for	the	detection	of	fibrosis	[24].	Use	of	these	
methods enables non-invasive screening of large numbers of at-
risk	patients	for	fibrosis.	

We sought to evaluate the prevalence of and risk factors for 
fibrosis	in	a	cohort	of	adult	patients	with	transfusion	dependent	
thalassaemia using LSM and ELF. We hypothesised that liver 
fibrosis	would	be	endemic,	with	some	patients	having	unsuspected	
cirrhosis.	 In	addition,	we	hypothesised	that	the	risk	of	cirrhosis	
would be associated with both historic and present iron loading 
and	HCV.	This	data	should	guide	recommendations	for	screening	
of	patients	with	transfusion	dependent	thalassaemia	for	hepatic	
fibrosis.		

Methods
We	undertook	a	prospective	 study	of	patients	with	 transfusion	
dependent thalassaemia at Monash Medical Centre, the state 
reference centre for inherited red cell disorders in Melbourne, 
Victoria,	Australia.	The	study	was	approved	by	 the	 institutional	
review board of Monash Health.

Eligibility
Eligibility criteria included: i) age >18 years, ii) receiving regular 
blood	 transfusions	 (≥10	 units	 per	 year	 for	 ≥3	 years)	 iii)	 clinical	
and	 genetic	 diagnosis	 of	 a	 haemoglobinopathy	 including	
β-thalassaemia major, sickle cell disease, haemoglobin H disease.

Patients	were	ineligible	if	they	had	one	or	more	of	the	following:	i)	
significant	alcohol	intake	(>30g	of	ethanol	per	day)	ii)	Body	Mass	
Index	(BMI)	>	28	[25]	iii)	antibodies	to	human	immunodeficiency	
virus,	iv)	concurrent	medical	or	psychological	condition	precluding	
compliance, and v) other causes of liver disease including Wilson’s 
disease,	 autoimmune	 hepatitis,	 primary	 sclerosing	 cholangitis,	
primary	 biliary	 cirrhosis,	 alpha-1-antitrypsin	 deficiency	 or	
hemochromatosis.	A	diagnosis	of	chronic	hepatitis	B	and	C	was	
permitted.

Study Procedures
The	participants	underwent	screening	blood	tests	including	liver	
function	 tests,	 serology	 including	 anti-HCV	 antibody,	 HCV-RNA	
by	 real-time	polymerase	 chain	 reaction,	 and	 testing	 to	 exclude	
other	causes	of	liver	disease	including	hepatitis	B	serology.	They	
underwent	LSM	by	TE	(FibroScan;	Echosens,	Paris,	France)	within	
30	days	of	enrolment.	Serum	was	obtained	for	ELF	panel	testing.	
Results for liver ultrasound within 6 months and cardiac and liver 
MRI	T2*	within	1	year	of	TE	measurement	were	collected.	Ferritin	
results	over	the	previous	15	years	(first	measurement	of	the	year	
for 2013, 2008, 2003 and 1998) were retrieved.

Transient Elastography
Two	 investigators	 independently	 performed	 LSM	 (AH,	 VK).	
The	 patients	 fasted	 for	 two	 hours	 prior	 to	 the	 procedure.	
The	 examination	was	 performed	 on	 the	 right	 side	 of	 the	 liver	
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through the intercostal space. Only LSM results containing 10 
valid	 measurements,	 with	 a	 success	 rate	 of	 at	 least	 60%	 and	
an	 interquartile	 range	 of	 ≤30%	were	 acceptable.	 The	 LSM	 cut-
off	 for	 fibrosis	 was	 predefined	 according	 to	 the	 results	 of	 a	
previous	 study	 in	 patients	 with	 homozygous	 β-thalassaemia,	
who	underwent	liver	biopsy	and	TE	evaluation:	[13].	In	this	study,	
the	 largest	 in	 this	population	with	matched	 liver	biopsies,	 LSM	
≥	13kPa	had	an	area	under	 the	receiver	operator	characteristic	
curve (AUCROC)	of	0.997	for	the	prediction	of	cirrhosis	with	100%	
sensitivity	and	95%	specificity.	

The Enhanced Liver Fibrosis (ELF) Score 
Quantitative	measurements	 of	 hyaluronic	 acid,	 amino-terminal	
propeptide	 of	 type	 III	 procollagen	 and	 tissue	 inhibitor	 of	
metalloproteinase	1	were	measured	on	serum	(Siemens	ADVIA	
Centaur®	 Immunochemical	 analyser);	 an	 algorithm	 combined	
these	 to	 provide	 the	 ELF	 score.	 A	 cut-off	 for	 severe	 fibrosis	
(Ishak	 score	 5	 or	 6)	 was	 defined	 as	 ≥	 9.8	 units	 based	 on	 the	
manufacturer’s	 recommendations,	 developed	 using	 a	 range	 of	
validation	clinical	studies	in	patients	with	hepatic	fibrosis.

T2* Magnetic Resonance Imaging
Cardiac	 T2*	 and	 liver	 T2*	 were	 assessed	 using	 validated	
techniques	[26,27].	Patients	were	scanned	with	the	Siemens	1.5-
T Magnetom Avanto. Liver and cardiac iron loading assessment 
was	 evaluated	 with	 a	 normal	 liver	 T2*	 >	 6.3ms	 and	 cardiac	 >	
20ms. 

Statistical Analysis

Demographic, clinical and biochemical data were summarised, 
and skewed data were log-transformed where necessary. 
Univariate	linear	regression	analysis	was	performed	to	investigate	
relationships	between	these	data	and	log-transformed	LSM	and	
ELF	 values	 parameters.	 Variables	 identified	 as	 associated	 with	
LSM/	ELF	by	univariate	regression	with	a	p<0.10	were	tested	in	
multiple	 regression	 models.	 Associations	 between	 risk	 factors	
and logeLSM and logeELF were evaluated by linear regression, 
and	associations	between	 thresholds	 versus	normal,	by	 logistic	
regression.	 The	 final	 multiple	 regression	 models	 contained	
independent variables, were parsimonious, and had the highest 
adjusted R2 value. Data were analysed using Stata 11 (Stata IC, 
Statacorp,	College	Station,	Tx	USA).	

Results
Clinical Characteristics
Between	 August–November	 2012,	 all	 adult	 patients	 with	
transfusion dependent haemoglobinopathies at the centre 
were	 invited	 to	 participate.	 72	 patients	 were	 enrolled,	 of	
whom	 63	 completed	 assessment	 with	 TE	 	 (males	 46%,	 mean	
age 41.3 years) (Figure 1). Table 1 summarises the clinical and 
laboratory	characteristics	of	the	group.	61	patients	(96.8%)	had	
β-thalassaemia	major	 and	2	 (3.2%)	haemoglobin	H	disease;	 56	
patients	 (88.9%)	 were	 treated	 with	 deferasirox	 and	 7	 (11.1%)	
with	desferrioxamine.	HCV	Ab	was	detectable	in	54%,	including	
27%	 with	 detectable	 viral	 load.	 Mean	 concurrent	 (January	

Figure 1 Patient	Recruitment.

Table 1: Baseline	clinical	and	laboratory	characteristics.Geometric	
mean	(subsequent	analysis	performed	on	log-transformed	data)

Mean [95% Confidence interval], 
or 
n/N (%)

N 63
Sex (M:F) 29:34
Age (years)1 41.3	[39.2,	43.4]
Condition

Beta-thalassaemia	major
Haemoglobin H Disease

61/63	(96.8)	
2/63	(3.2)

Body	Mass	Index1 23.8	[23.0,	24.6]
Current iron chelator2

Deferasirox
Desferrioxamine

56/63	(88.9)
7/63	(11.1)

Liver	function	tests
Alanine transaminase (ALT)3(U/L) 33.6	[27.2,	41.4]		
Aspartate Aminotransferase 
(AST)3	(U/L) 19.7	[16.1,	24.0]							

Gamma-glutamyl	transpeptidase	
(GGT)3(U/L) 16.9	[14.3,	19.9]							

Bilirubin1(umol/L) 29.4	[27.4,	31.5]								
International	Normalised	Ratio	
(INR) 1.09	[1.02,	1.16]					

Platelet Count (109/L) 338.8	[300.7,	377.0]					
Ferritin	1998	(N=60)	(ng/mL)3 734.5	[601.6,	896.7]								
Ferritin	2003	(N=61)	(ng/mL)3 1041.9	[824.6,	1316.3]		
Ferritin	2008	(N=63)	ng/mL)3 1091.1	[908.8,	1310.0]		
Ferritin	2013	(ng/mL)3 776.5	[633.9,	951.2]			
Hepatic	T2*	(ms)3 7.6	[6.0,	9.6]								
Hepatitis	C	virus	IgG	positive 34/63	(54.0)
Hepatitis	C	viral	load	detectable 17/63	(27.0)
Hepatitis	C	viral	load		(if	
detectable)	(IU/mL)3 206097.6		[58044.8,	731783.9]

Hepatitis	B	virus	surface	antigen	
positive		 0/63	(0.0)

Hepatitis	B	virus	core	IgG	positive		 7/63	(11.1)
Liver	Stiffness	Measurement	
(LSM) 3 6.8	[6.0,	7.7]		

Enhanced Liver Fibrosis (ELF) 
Score1 9.5	[9.2,	9.7]	

1Arithmetic	mean	
2One	patient	not	currently	receiving	chelation,	one	patient	on	both	
desferrioxamine and deferasirox
3Geometric	mean	(subsequent	analysis	performed	on	log-transformed	
data)
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2013)	 ferritin	 was	 776.5ng/uL;	 mean	 ferritin	 concentrations	 in	
January	 1998,	 2003	 and	 2008	 were	 734.5ng/uL,	 1041.9ng/uL	
and	 1091.1ng/uL	 respectively;	 a	 significant	 increase	 occurred	
between	1998-2003,	and	a	significant	reduction	between	2008-
2013,	coinciding	with	the	introduction	of	deferasirox	(Figure 2a). 

LSM and ELF, Prevalence of Fibrosis
By	 ultrasound,	 only	 1/63	 patients	 demonstrated	 evidence	 of	
liver	cirrhosis.	By	LSM,	18/63	(29%)	had	significant	fibrosis	(LSM	
>7.9kPa)	 including	 6	 (9.5%)	 with	 cirrhosis	 (LSM>13kPa).	 Two	
patients’	readings	were	invalid	due	to	body	habitus.	By	ELF,		34.4%	
of	patients	had	evidence	of	severe	fibrosis	(ELF≥9.8).	LSM	and	ELF	
score were correlated (r=0.47, P=0.0001) (Figure 2b). ELF scores 
had an AUCROC	 of	 0.81	 [95%	 CI	 0.67,	 0.95]	 to	 identify	 cirrhosis	
as	 identified	by	a	 LSM	score	>13.0kPa.	An	ELF	 score	above	9.5	
(50.8%	of	patients)	had	100%	sensitivity	and	54.5%	specificity	for	
identifying	cirrhosis.

Risk Factors for Fibrosis
Table 2	 represents	 associations	 between	 independent	
variables	 and	 indices	 of	 fibrosis	 (LSM	 and	 ELF	 score).	 Age	was	

Figure 2 A: Ferritin	concentration	1998-2013.  
Ferritin	concentrations	in	the	cohort	increased	
between	1998	and	2003,	remained	stable	until	
2008, and then reduced to 2013. 
B:	ELF	score	and	liver	stiffness	measurement	
correlation.
Non-invasive	indices	of	hepatic	fibrosis	were	
closely correlated (r=0.473, p=0.0001).

LSM1

Coefficient [95% CI], 
P, N

ELF score
Coefficient [95% CI], P

Sex (M=1, F=0)
0.06	[-0.04,	0.16],	
P=0.245 
N=63

0.42	[-0.08,	0.91]
P=0.096  
N=61

Age (years)
0.0066	[0.0004,	0.0127],	
P=0.036   
N=63

0.04	[0.01,	0.07]
P=0.010
N=61	

Body Mass Index
0.005	[-0.011,	0.021],	
P=0.504   
N=63

-0.03	[-0.10,	0.05]
P=0.488   .
N=61

Liver function tests

Alanine 
transaminase (ALT)1

0.29	[0.17,	0.42],	
P<0.001			
N=63

1.17	[0.51,	1.83]
P=0.001  
N=61

Aspartate 
Aminotransferase 
(AST)1

0.37	[0.24,	0.50],	
P<0.001		
N=61

1.46	[0.78,	2.15]
P<0.001
N=61

Gamma-glutamyl 
transpeptidase 
(GGT)1

0.34	[0.18,	0.50]
P<0.001
N=63

0.99	[0.11,	1.87]
P=0.027
N=61		

Bilirubin
0.006	[0.0001,	0.013]			
P=0.046   
N=63

0.02	[-0.01,	0.05]
P=0.129
N=61

International 
Normalised Ratio 
(INR)

0.26	[0.06,	0.45]
P=0.011   
N=61

1.26	[0.35,	2.12]
P=0.007
N=59

Platelet Count 
(109/L)

-0.000	[-0.000,	0.001],	
P=0.192   
N=63

0.000	[-0.001,	0.002]
P=0.861 
N=61		

Ferritin 1994 (n=32)1
0.26	[0.02,	0.50],	
P=0.037
N=32	

0.71	[-0.28,	1.70]
P=0.153
N=30

Ferritin 1998 (n=60)1
0.25	[0.10,	0.40]
P=0.002  
N=60

1.14	[0.47,	1.81]
P=0.001
N=58		

Ferritin 2003 (n=61)1
0.17	[0.04,	0.30]
P=0.011 
N=61

0.60	[-0.02,	1.21]
P=0.057
N=59		

Ferritin 2008 (n=63)1
0.18	[0.02,	0.35]
P=0.026   
N=63

0.71	[-0.10,	1.51],	
P=0.083
N=61		

Ferritin 20131
0.26	[0.12,	0.40],	
P<0.001			
N=63

0.38	[-0.40,	1.17]
P=0.332
N=61				

Hepatic T2* (ms)1
-0.12	[-0.25,	0.02],	
P=0.091 
N=60

-0.20	[-0.91,	0.51]
P=0.571
N=58	

Cardiac T2* (ms)1
-0.02	[-0.27,	0.22],	
P=0.844
N=60

-0.28	[-1.72,	1..17]
P=0.698
N=58	

Hepatitis C virus IgG 
positive (positive=1, 
negative=0)

0.08	[-0.02,	0.19]
P=0.118 
N=63

0.04	[-0.47,	0.55]
P=0.878
N=61		

Hepatitis C viral load 
detectable 

0.16	[0.05,	0.27]
P=0.006
N=63	

0.58	[0.04,	1.12]
P=0.036
N=61		

Hepatitis C viral load  
(if detectable)1 

-0.03	[-0.15,	0.10]
P=0.665
N=17				

0.13	[-0.32,	0.58]
P=0.555
N=17			

Table 2. Associations	between	predictive	variables	and	indices	of	
fibrosis	by	univariate	linear	regression.

1Log-transformation
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associated	 with	 fibrosis	 risk	 by	 both	 LSM	 (P=0.0036)	 and	 ELF	
score (P=0.001). LSM was associated with present and historic 
ferritin:	 1998	 (P=0.002),	 2003	 (P=0.011),	 2008	 (P=0.026)	 and	
2013	 (P<0.001).	 Conversely,	 ELF	 score	was	 not	 associated	with	
ferritin.	Both	fibrosis	measures	were	associated	with	 indices	of	
liver	 impairment	and	 inflammation	(ALT,	AST,	gGT,	bilirubin	and	
International	Normalised	Ratio	(INR))	but	neither	was	associated	
with	platelet	count,	perhaps	attributable	to	the	high	proportion	
of	patients	whom	had	undergone	splenectomy	(35/63).	BMI	does	
did	not	affect	fibrosis	in	this	population	likely	due	to	the	low	mean	
BMI	 (23.8	kg/m2).	 Presence	of	 viral	 load	positivity	 (active	HCV)	
was	a	clear	 risk	 factor	 (P=0.006)	 for	fibrosis	by	both	measures.	
Interestingly,	there	was	no	correlation	between	liver	(or	cardiac)	
iron	as	measured	by	MRI	T2*	with	fibrosis	by	either	measure.

We	attempted	 to	 control	 for	 confounding	using	multiple	 linear	
regression	(Table	3).	Age	was	associated	with	fibrosis	risk	using	
both ELF and LSM scores: ELF score was also associated with 
historic	(1998)	ferritin	concentrations,	while	LSM	score	was	also	
associated	with	 presence	 of	HCV	persistent	 infection	 and	 both	
current	(2013)	and	historic	(1998)	ferritin.	

Prediction of Cirrhosis
Using variables associated with LSM	scores,	we	evaluated	potential	
independent variables associated with cirrhosis (LSM>13.0KPa). 
Results	of	univariate	 logistic	 regression	 for	variables	associated	
with	 cirrhosis	 are	 shown	 in	 Supplementary	 Table	 1:	 significant	
associations	were	 found	with	age,	ALT	and	viral	 load	positivity.	
By	multiple	logistic	regression,	cirrhosis	was	associated	with	age	
(OR	1.32	[1.02,	1.72]	per	year,	P=0.037),	viral	load	positivity	(OR	
72.8	[2.59,	2046.75],	P=0.012)	and	logarithmic	transformation	of	
concurrent	ferritin	(OR	31.77	[1.72,	587.11],	P=0.020).	The	AUCROC 
for these variables together to predict cirrhosis was 0.97 (Figure 
3).	 Of	 the	 six	 cirrhotic	 patients	 for	whom	 complete	 data	were	
available,	all	were	aged	46	years	or	older,	five	of	6	had	positive	
viral	 loads,	 and	 four	 had	 concurrent	 ferritin	 concentrations	
exceeding	500	ug/L.	

Relationship between LSM and ELF Scores 
LSM	and	ELF	gave	concordant	findings	(cirrhosis	for	LSM,	ELF	for	

severe	fibrosis)	in	5/6	patients	with	cirrhosis	and	39/55	without	
cirrhosis.	Levels	of	ALT	and	AST	were	higher	and	HCV	viral	 load	
was	more	often	detectable	 in	discordant	 individuals,	 indicating	
that	discordance	between	 the	 two	 indices	 could	be	potentially	
related	to	the	effect	of	liver	inflammation	in	the	setting	of	active	
HCV	 which	 can	 confound	 assessment	 of	 liver	 stiffness	 [28,29]	
(Table 2).

Discussion
In	this	cohort	of	patients	with	transfusion	dependent	thalassaemia,	
9.5%	had	unsuspected	cirrhosis,	29%	had	unexpected	fibrosis	by	
LSM	 and	 34.4%	 had	 evidence	 of	 severe	 fibrosis	 by	 ELF	 scores.	
Risk	factors	for	fibrosis	included	age,	contemporary	high	ferritin	
concentration,	active	HCV	and	historical	ferritin.	In	recent	years,	
ferritin	 levels	 have	 fallen,	 perhaps	 due	 to	 oral	 iron	 chelation.	
However,	 our	 data	 suggest	 that	 the	 consequences	 of	 previous	
poor control are likely to impact the future burden of disease. 
The	high	prevalence	of	fibrosis	supports	a	practice	of	screening	
for	 cirrhosis	 and	 associated	 complications	 including	 regular	
surveillance for HCC in all adults with TH. 

LSM	has	been	demonstrated	to	reliably	identify	advanced	fibrosis	
in	patients	with	thalassaemia	in	three	previous	studies	[12,13,30].	
Mirault et al. compared LSM to biopsy in 15 chronically transfused 
patients:	 LSM	 values	 above	 6.25	 kPa	 identified	 patients	 at	 risk	
for	 severe	 fibrosis	 (sensitivity	 80%,	 specificity	 70%,	 negative	
predictive	value	88%;	positive	predictive	value	57%)	[12].	Di	Marco	
et	 al.	 compared	 LSM	 with	 biopsy	 in	 56	 thalassaemic	 patients	
prior	to	anti-HCV	therapy	or	splenectomy;	LSM	had	an	excellent	
AUCROC	for	cirrhosis	(0.997)	and	a	cut-off	of	13Kpa	had	100%	and	
95%	 sensitivity	 and	 specificity	 respectively	 [13].	 Fraquelli	 et	 al.	
studied	LSM	in	115	patients,	with	equal	proportion	of	transfusion	
dependent thalassaemia and thalassaemia intermedia and found 
that	 LSM	was	 associated	with	ALT,	 gGT,	bilirubin	 and	HCV	RNA	
viral	 load,	 but	 not	with	 ferritin.	 LSM	was	 validated	 in	 a	 subset	
of	 14	 patients	 and	 confirmed	 the	 approach	 was	 appropriate.	

N=60
Adj R2=0.4571

LSM1

Coefficient [95% CI], P

Ferritin	1998 0.16	[0.03,	0.29]
P=0.002 

Ferritin	2013 0.27	[0.145,	0.39]
P<0.001

Hepatitis	C	virus	detectable 0.15	[0.06,	0.24]
P=0.002   

Age 0.008	[0.003,	0.013]
P=0.002

N=58
Adj R2=0.2591

ELF Score
Coefficient [95% CI], P

 Age 0.04	[0.01,	0.07]
P=0.005

	Ferritin	1998 1.27	[0.64,	1.91]
P<0.001		

Table 3. Independent	associations	between	predictive	variables	and	
indices	of	fibrosis	by	multiple	regression.

Figure 3 Prediction	of	cirrhosis	by	multiple	logistic	regression.
By	multiple	logistic	regression,	cirrhosis	
(LSM>13.0kPA) was associated with age (OR 1.32 
[1.02,	1.72]	per	year,	P=0.037),	viral	load	positivity	
(OR	72.8	[2.59,	2046.75],	P=0.012)	and	logarithmic	
transformation	of	concurrent	ferritin	(OR	31.77	[1.72,	
587.11],	P=0.020).	The	AUCROC for these variables 
together to predict cirrhosis was 0.97.
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According	to	the	TE	results,	significant	fibrosis	 (LSM	>	7.9	kPa),	
severe	fibrosis	(LSM	>10.3	kPA)	and	cirrhosis	(LSM	>12	kPA)	was	
present	 in	 35%,	 24%	 and	 17%	 respectively	 [30].	 Collectively,	
these	studies	 indicate	 that	non-invasive	assessment	 for	fibrosis	
in	patients	with	thalassaemia	is	reliable,	and	confirm	our	finding	
that	 fibrosis	 is	 highly	 prevalent	 in	 this	 population.	 ELF	 score	
correlates	closely	with	LSM	scores	in	β-thalassaemia	and	can	be	
used	 to	 predict	 the	presence	of	 cirrhosis.	 In	 settings	where	 TE	
is	 unavailable,	 the	 ELF	 panel	 may	 provide	 similar	 information,	
although	further	validation	against	liver	biopsy	in	this	context	is	
needed.	In	a	recent	study	the	addition	of	serum	markers	to	LSM	
has	 been	 shown	 to	 increase	 the	 accuracy	 of	 fibrosis	 detection	
and this may present another role for ELF measurement in this 
population	 [24].	 International	 guidelines	 now	 support	 routine	
LSM	 in	 thalassaemic	 patients	 with	 HCV;	 our	 data	 suggest	 this	
should	be	extended	to	adult	thalassaemic	patients	with	a	history	
of	current	or	historic	of	iron	loading	[5].	

Iron	loading	by	T2*	MRI	did	not	correlate	with	liver	fibrosis	by	either	
LSM	or	ELF	score	as	reported	by	both	Mirault	et	al.	and	Fraquelli	
et	al.	[12,30].	However,	we	found	that	both	current	and	historic	
serum	ferritin	correlated	with	 liver	fibrosis,	 indicating	that	 liver	
damage	 is	 inflicted	by	 sustained	 rather	 than	 contemporaneous	
iron	 loading.	 The	 potential	 mechanism	 of	 hepatic	 damage	
induced	 by	 siderosis	 includes	 alterations	 of	 the	 hepatocyte	
membrane, intranuclear cytoplasmic pseudoinclusions, swollen 
mitochondria	and	variations	 in	the	endoplasmic	reticuli	 leading	
to	ballooning	of	hepatocytes	and	focal	necrosis	[23].	Chronic	HCV	
infection	may	independently	exacerbate	iron	overload,	potentially	
through direct suppression of hepcidin expression and enhanced 
iron	 absorption	 [31].	 Necro-inflammation	 associated	 with	 HCV	
can	 also	 cause	 biochemical	 and	tissue	 iron	 excess	 [32,33].	 The	
excess	iron	promotes	the	formation	of	free	radicals	and	increases	
oxidative	stress	leading	to	the	development	of	fibrosis	[34].	Our	
data	confirms	for	the	first	time	the	importance	of	both	antecedent	
and	concurrent	iron	loading	as	a	risk	factor	for	hepatic	fibrosis.

We	identified	independent	effects	on	fibrosis	risk	of	iron	loading	
and	active	HCV.	 	 In	a	 study	of	 thalassaemia	patients	post	bone	
marrow	 transplant,	 hepatic	 iron	 loading	 and	 HCV	 predicted	
progression	 of	 liver	 fibrosis	 with	 the	 combination	 having	 a	
synergistic	effect	[35].	A	study	of	95	patients	with	HCV	undergoing	

liver	biopsy	identified	hepatic	iron	overload	in	31.6%,	which	was	
associated	with	 a	more	 severe	 stage	 of	 liver	 fibrosis	 [36].	 The	
potential	of	an	increased	risk	of	fibrosis	progression	due	to	dual	
risk factors and thereby the development of cirrhosis need to be 
considered. A	multicentre	survey	of	Italian	thalassaemia	centres	
found	 that	 HCC	 is	 becoming	 more	 frequent	 as	 these	 patients	
survive	into	older	age	[4].	A	prospective	study	conducted	on	108	
thalassaemia	patients	 (38	with	TM	and	70	with	TI;	median	age	
36.8	years)	estimated	an	HCC	incidence	of	about	2%	[37].	

Improvement in iron overload management has lead to increased 
survival	 of	 thalassaemic	 patients,	 chiefly	 due	 to	 improved	
cardiac	 iron	 chelation	 [38,39].	 The	 risk	 factors	of	 age,	 duration	
of disease, persistent viraemia and iron overload increase 
fibrosis	 progression	 and	 the	 future	 burden	 of	 liver	 disease	 in	
this	group.	Our	data	emphasise	the	importance	of	treating	HCV	
and iron overload aggressively to minimise further damage. The 
introduction	of	novel	HCV	treatments,	which	are	interferon	and	
ribavirin-free	 and	 hence	 offset	 the	 need	 for	 increased	 blood	
transfusion,	are	encouraging	[40].	These	are	associated	with	high	
rates	 of	 virological	 response	 in	 the	 general	 population	 and	we	
are	evaluating	treatment	efficacy	and	tolerability	in	thalassaemia	
patients	at	our	institution.

There	 are	 a	 few	 limitations	 to	 our	 study,	 the	 most	 significant	
of	which	 is	 that	 it	 is	 retrospective.	 Furthermore,	 there	was	 no	
correlation	with	liver	biopsy.	Liver	biopsy	is	invasive	and	there	is	
poor	 uptake	with	 asymptomatic	 individuals.	 At	 our	 institution,	
patients	 with	 hepatitis	 C	 are	 screened	 for	 fibrosis	 almost	
exclusively with LSM.

The	 presence	 of	 HCV	 and	 current	 and	 historical	 iron	 loading	
have	an	additive	effect	in	fibrosis	risk	in	patients	with	transfusion	
dependent	 thalassaemia.	 This	 population	 is	 at	 risk	 for	 the	
development	 of	 cirrhosis	 and	 HCC	 associated	 with	 significant	
future	 disease	 burden.	 We	 recommend	 all	 adult	 patients;	
particularly	 those	 with	 present	 or	 historical	 iron	 overload,	
abnormal	 biochemical	 markers	 and	 HCV	 should	 undergo	
assessment	 for	 fibrosis	 using	 LSM	 or	 similar	 methods	 where	
available.	We	have	instituted	this	approach	in	our	centre.	Where	
non-invasive	 methods	 are	 unavailable,	 routine	 screening	 liver	
biopsies to assess for cirrhosis should be considered. 
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