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Background  and  aims:  Direct  antiviral  agents  (DAAs)  have  revolutionised  the  standard  of  care  for  the
treatment  of hepatitis  even  in  patients  with  hemoglobinopathies.  The  aim  of  this  study  is to  show  how,
thanks  to  DAAs,  HCV  infection  has  been  substantially  eradicated  in one  of  the biggest  Centres  for  the
management  of Thalassemia  in Europe.
Methods:  Thalassemia  major  patients  regularly  transfused  and  iron  chelated  in  Cagliari  (Italy)  who  were
HCV-RNA  positive  were  evaluated  for the  potential  prescription  of  antiviral  therapy.
Results:  A total  of 99  patients,  26  of  whom  had  been  diagnosed  with  cirrhosis,  were  treated  with  at
least  one  dose  of  DAAs,  which  proved  to  be  safe  and  well  tolerated.  Two  of the  patients  died  during
the  treatment  after  becoming  HCV-RNA  negative  while  another  voluntarily  interrupted  the  therapy.  The

final SVR  in  the patients  who  completed  the  treatment  was  100%,  while  measuring  97%  (96/99)  in  the
Intention-to-Treat  analysis.  After  DAAs,  no  new  cases  of  hepatocellular  carcinoma  have  been  reported.
Conclusions:  The  use of  DAAs  in  patients  suffering  from  beta-Thalassemia  major  with  chronic  hepati-
tis  C or  cirrhosis  can  be considered  safe  and  effective.  Close  monitoring  for hepatocellular  carcinoma
development  is,  in any case,  recommended  indefinitely  post-SVR.

 Gast
© 2019  Editrice

. Introduction

Beta Thalassemia major is an inherited, genetic blood disorder
hich affects the production of haemoglobin by the bone marrow.

Patients suffering from beta Thalassemia major require blood
ransfusions throughout their entire lives. Most of the Italian Tha-
assemia major subjects who received transfusion therapy before
991 developed an active chronic hepatitis C infection [1,2].

In these patients, post-transfusional iron overload and HCV

nfection seem to be independent risk factors for liver fibrosis and
heir concomitant presence results in a greater risk [3].

∗ Corresponding author at: Dott.ssa Raffaella Origa, Thalassemia Unit, ‘A.Cao’ Hos-
ital, A.O ‘G. Brotzu’, Cagliari, Italy.

E-mail address: raffaella.origa@aob.it (R. Origa).

ttps://doi.org/10.1016/j.dld.2018.12.016
590-8658/© 2019 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All
roenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.

Over recent decades, the progressive increase in life expectancy
made possible by the significant decrease of heart-related mortal-
ity has led to liver disease becoming more prevalent [4]. Before
the introduction of direct antiviral agents – DAAs –,  patients with
Thalassemia major were considered a difficult-to-treat population
and, due to low response rates to IFN-based regimens, were per-
ceived as being difficult-to-cure. The incidence of hepatocellular
carcinoma (HCC) had been on the rise and diagnosis had typically
been made at a significantly younger age when compared with the
general population [5–7].

DAAs have revolutionised the standard of care for the treatment
of hepatitis C [8–11]. Their use has been associated with high Sus-
tained Virological Response (SVR) rates (>90%) and minimal side

effects, even in patients with hemoglobinopathies [12–17].

The aim of this study is to show how, thanks to DAAs, HCV infec-
tion has been substantially eradicated in one of the biggest Centres
for the management of Thalassemia major in Europe.

 rights reserved.
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. Patients and methods

Data on patients with beta Thalassemia major and a docu-
ented history of HCV infection were collected and analysed using

linical case sheets and Webthal
®

, a web-based clinical records’
oftware program developed to help physicians in daily clinical
atient management. All the patients registered on Webthal

®
gave

heir informed consent to the use of their clinical data for research
tudies.

All patients under study were regularly transfused and
ron chelated at Day Hospital Talassemia Evolutiva—Ospedale

icrocitemico ‘A.Cao’, Cagliari (Italy) according to the internation-
lly accepted guidelines [18].

Those who proved to be HCV-RNA positive as of 1st January 2015
ere evaluated in collaboration with the Hepatology Department —
edicina I, A.O. ‘G. Brotzu’, Cagliari (Italy) for the potential prescrip-

ion of antiviral therapy based on available DAAs and according to
he current guidelines for the treatment of HCV infection [9,10].

The following parameters were taken into account:

 HCV genotype;
 Previous treatment with interferon (INF) monotherapy or dual
therapy Pegylated-IFN (PEG-IFN) and ribavirin (RBV);

 Stage of fibrosis determined by Transient Elastography
(Fibroscan);

 Medical history, kidney and liver function lab tests and medica-
tions in use

 Concomitant cryoglobulinemia

Liver transient Elastography was performed using FibroScan
Echosens, Paris — France), considering an optimal cut-off of 7.7 kPa
or mild fibrosis and of 13.0 kPa for cirrhosis, according to the meta-
nalysis made by Friedrich-Rust et al. [19]. In patients who  started

AAs, blood samples were collected at baseline, after 1,2,3 and 4
eeks of treatment as well as at the end of the therapy. Adverse

vents were collected and a physical examination was carried out
t each transfusion. SVR to therapy was defined as undetectable

Fig. 1. Patients with chronic HCV infection alive as of January 2015. DAAs: direct
r Disease 51 (2019) 561–567

HCV-RNA by a quantitative real time PCR with a limit of detection
of 15 IU/mL, and was  assessed at week 12 after therapy (SVR12).

The data collected included levels of aspartate transaminase
(AST), alanine transaminase (ALT), gamma  glutamyl transferase, PT,
serum creatinine, serum ferritin, quantitative serum HCV-RNA as
well as the cryoglobulinemia course.

Ultrasound examination was performed at the start and at the
end of the antiviral treatment, then quarterly for the first year
after DAA therapy and yearly thereafter (biannually in cirrhotic
patients).

The hepatic and cardiac iron overload was assessed prior to and
post treatment with T2* magnetic resonance imaging (MRI, Type of
scanner Siemens, software used CMRTtools, magnetic field 1.5 T).
For the liver, the conversion from T2* to liver iron concentration
(LIC) with the formula 0.202 + 25.4/T2* adapted from Wood et al.
was used [20]. Liver iron overload ≥15 mg  Fe/g d.w. was defined as
severe, ≥7 and <15 as moderate, and ≥1.8 and <7 mg Fe/g d.w. as
mild. Levels ≤1.8 mg  Fe/g d.w. were considered normal.

Webthal
®

was used for the evaluation of the number of trans-
fused units per month before, during and following the therapy.

Serum samples of patients who  were non responders to treat-
ment were sent to U.O.C. Virologia Molecolare, University of Rome
— Tor Vergata for the resistance-associated mutations research on
the aminoacidic region of NS3 protease (15-181aa), NS5A (1-185aa)
and NS5B polymerase (92-576aa).

t-Test and ANOVA were performed to examine the changes in
serum ferritin, ALT levels and other parameters between baseline,
end of treatment and then 12 weeks later.

3. Results

3.1. Study population

Out of 208 patients with a documented history of HCV infection

who were alive when DAAs became available in our Center, 101
were HCVRNA positive and 99 of them received at least one dose of
DAAs from May  2015 to January 2018 (Fig. 1). Their baseline char-
acteristics are described in Table 1. All these patients but four had

 antiviral agents; IFN: interferon; PEG-IFN: Pegylate-interferon; RBV: ribavirin.
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Table  1
Baseline characteristics of thalassemia major patients treated with DAAs with or
without ribavirin.

Median age, years (range) 40.2 (32.2–45.9)
Male sex, n (%) 54 (54.5%)
HCV genotype, n(%) 99

1a 5 (5%)
1b  56 (55.4%)
1a/1b 1 (1%)
1  unsubtypable 2 (2%)
2  24 (23.8%)
3 3 (3%)
4  8 (7.9%)

Cirrhosis, n (%) 26 (25.7%)
Treatment history

Naïve, n (%) 63 (62.4%)
Interferon monotherapy 21 (21.2%)
Pegylated-Interferon + Ribavirin 15 (15.1%)

Median HCV RNA, range (log10 IU/mL) 565,785.5 (501–14,881,851)
Median ALT levels, range (U/L) 78.5 (14–322)
Median ferritin levels, range (�g/L) 1460 (282–8062)
Liver iron overload, n (%)a

Absent 15 (12.6%)
Mild 49 (41.2%)
Moderate 17 (14.3%)
Severe 3 (2.5%)

Heart iron overload, n (%)a

Absent 58 (48.7%)
Mild/moderate 24 (20.2%)
Severe 2 (1.7%)

Occult hepatitis B, n (%)a 40 (33.6%)
HIV infection, n (%)a 2 (2.4%)
Cryoglobulinemia, n (%)a 34 (28.6%)
Diabetes, n (%)a 14 (11.8%)
Heart disease, n (%)a 36 (30.2%)
Hypogonadism, n (%)a 49 (41.2%)
Hypothyroidism, n (%)a 24 (20.2%)
Hypoparathyroidism, n (%)a 11 (9.2%)

b
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c
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2
2

p
p

T
D

Osteoporosis, n (%)a 59 (49.6%)

a Data available in 84 patients.

een infected during their first years of life, before the introduction
f the hepatitis C donor screening in 1991.

They were treated with various DAA regimens including in 6
ases RBV (Table 2).

Adherence to treatment was optimal in all the patients but one,
ho voluntarily withdrew after the first two doses.

.2. Parameters of efficacy, virological response and follow up

ALT levels decreased from 99.6 ± 73.1 at baseline to
2.2 ± 14.6 IU/L at the end of treatment (p < 0.0001) and finally to

4.6 ± 17.4 IU/L at SVR evaluation (p < 0.0001).

End of treatment response was reached by 95 out of the 96
atients who completed one cycle of DAAs (98.9%) whereas 93
atients reached SVR. Of the remaining three, one was  a cirrhotic

able 2
irect Antivirals regimens according to HCV genotype (99 patients).

1a 1a 1b 1a/b 2 3 4 

1 7 15 3 1 

1  3 

7  1 

1  

9  3 

1  2 1 

1  1 4 4 

1  26 1 1 2 

1  2 

2  

2  5 59 1 24 3 8 

a Genotype 1 non subtypable.
b Three patients received a second cycle of DAAs because they had not obtained SVR w
r Disease 51 (2019) 561–567 563

patient who  was treated with simeprevir plus sofosbuvir for 12
weeks and relapsed 12 weeks after the end of treatment. This
patient was  subsequently and successfully treated with a combi-
nation of sofosfuvir plus daclatasvir.

The other two patients, both non-responders, had been treated
with ombitasvir/paritaprevir/ritonavir plus dasabuvir for 12 weeks.

The analysis of virus resistances showed the following muta-
tions:

– Patient one: NS3 protease: D168DV; NS5A: Y93H; NS5B: S556R
– Patient two: NS3 protease: D168DV; NS5A: Y93H; NS5B: L159F;

C316N: S55

Both of them were subsequently treated with the combination
sofosbuvir/velpatasvir/voxilaprevir for 12-weeks finally reaching
SVR.

Ultimately, the final SVR was  97% (96/99) in the Intention-to-
Treat analysis and 100% (96/96) in the per-protocol analysis (Fig. 2).

To date, the patients have a mean follow up observation period
of 668 days (range 87–1159 days) from starting on DAAs. None
of the patients has developed hepatocellular carcinoma over this
period of time.

The left ventricular ejection fraction (LVEF) was evaluated
before and after DAA treatment in patients with cirrhosis: it
remained unchanged (62.1 ± 7.8% vs 61.9 ± 8.4%, p = 0.9).

3.3. Efficacy and safety of DAAs in patients with HCV-associated
cryoglobulinemia

Thirty-four patients had positive cryoglobulins at baseline,
which were intermittently detected during the treatment. Eleven
patients out of 16 whose regular determination of cryoglobulin was
available became negative after beginning the antiviral therapy.
Nine were negative at SVR (median time of negativization 12 weeks
after the start of DAAs; range 4–24 weeks) while the other 2 proved
negative after 28 and 72 weeks, respectively. Five patients still had
positive cryoglobulinemia at the time of the analysis.

Clinical manifestations clearly ascribable to type I cryoglobu-
linemia were present in only one patient, a 44-year-old woman who
had experienced repeated episodes of purpura of lower limbs with
severe arthralgia and a painful peripheral neuropathy confined to
the lower extremities with predominant sensory impairment for 10
years. Magnetic resonance imaging of the brain also revealed a cere-
bral vasculitis. After several cycles of NSAIDs and corticosteroids of
very little benefit, she was treated in May  2015 with simeprevir

and sofosbuvir for 12 weeks and, since she remained symptomatic,
several cycles of plasmapheresis were performed and led to a signif-
icant improvement of the symptoms. Cryoglobulins finally became
undetectable after 18 months from the start of antiviral treatment.

Cycles (n) Regimen

27 Sofosbuvir + daclatasvir
4 Sofosbuvir + velpatasvir
8 Sofosbuvir + ledispavir
1 Sofosbuvir + ribavirin
12 Sofosbuvir + simeprevir ± ribavirin
4 Ledispavir ± ribavirin
10 Glecapevir + pibrentasvir
31 Ombistavir/paritaprevir/ritonavir + dasabuvir ± ribavirin
3 Grazoprevir + elbasvir

Sofosbuvir + velpatasvir + voxilaprevir
102b Total

ith the first one.
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Fig. 2. Outcome of patients who  received at least one dose of DAAs.
DAAs: direct antiviral agents; ETR: early termination response; ITT: Intention-To-Treat; P

Table 3
Adverse events suspected of being related to the use of DAAs.

Adverse event Gradea n (%)b

No adverse events 56 (66,7)
Asthenia 1 13 (15,5)
Hypoalbuminaemia worsening 2 1 (1,2)
Anxiety 1 1 (1,2)

Nausea
2 1 (1,2)
1  2 (2,4)

Headache 1 3 (3,6)
Stomach pain 1 2 (2,4)
Abdominal distension 1 1 (1,2)
Insomnia 1 1 (1,2)
Neutropenia 1 1 (1,2)
Vertigo 1 1 (1,2)

3

p
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w
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n
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t
0

beta Thalassemia has dramatically improved.
a NCI CTCAE version 4.0.
b Data referred to 84 patients.

.4. Safety

Therapy with DAAs was discontinued prematurely in three
atients; two of them, cirrhotic and showing severe iron over-

oad and comorbidities, died after becoming HCV-RNA negative
one through multiorgan failure and the other through heart failure
fter a phase of hypoalbuminemia worsening). The third voluntar-
ly interrupted the treatment after the first two doses because of

 concomitant gastroenteritis, which based on clinical judgement
as not associated with the antiviral therapy.

All treatment regimens were well tolerated and no serious
dverse events were reported.

The most common findings were asthenia (13 patients; 13.1%),
ausea (4 patients; 4%), and mild headache (3 patients; 3%)
Table 3).
Safety lab parameters did not significantly change during the
reatment. Mean creatinine values were 0.7 ± 0.2 at baseline,
.7 ± 0.2 at the end of the treatment (p = 0.5) and 0.8 ± 0.2 after
P: per protocol; SVR: Sustained Virological Response.

12 weeks (p = 0.1). Mean creatinine values remained stable also
in patients chelated with deferasirox (0.8 ± 0.2 at baseline and
0.8 ± 0.2 at the end of the treatment; p = 0.05). All the patients con-
cluded treatment without any dose-reduction caused by adverse
events.

3.5. Chelation therapy, blood consumption, and iron overload
parameters

During DAA treatment 77 (77.8%) patients were chelated with
desferrioxamine. Most of them had changed their previous iron
chelation therapy as a precaution due to the lack of data on drug
interaction between DAAs and oral iron chelators.

Deferiprone was taken by only one patient and deferasirox by
21 (21.2%).

The need for blood transfusions did not change during the period
of DAA therapy [4.6 units ± 1.2 before the treatment, 4.6 ± 1.1 at the
end of the treatment (p = 0.5) and 4.7 ± 1.3 12 weeks after the end
of therapy (p = 0.4)]. In patients treated with RBV, blood require-
ments increased from 4.7 ± 1.5 to 7 ± 2.6 (p = 0.07), but rapidly fell
following the therapy (4.5 ± 1.2; p = 0.5).

At the same time serum ferritin levels dropped significantly dur-
ing the treatment period (from 1872 ± 1573 to 1490 ± 1065 �g/L,
p = 0.0002) while LIC remained unchanged (from 5.5 ± 4 to
5.2 ± 3.6 mg  Fe/g d.w.).

4. Discussion

With the advent of non-invasive methods to measure organ iron
before the appearance of clinical symptoms, new chelators and
increased blood safety measures, the prognosis for individuals with
Since 2000, all of these developments have led to a significant
trend in decreasing cardiac mortality which previously caused 71%
of the deaths in individuals with beta Thalassemia major [21–23].
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ecent studies in some European countries have shown that the
umber of patients who die from liver disorders now exceeds that
f individuals who die from cardiac diseases [4].

In particular, the risk of hepatocellular carcinoma has progres-
ively increased owing to liver viral infection, iron overload, and a
onger life expectancy of the patients [5–7].

Treatment of chronic HCV in Thalassemia historically began
ith interferon (IFN) mono-therapy while the recommended treat-
ent until a few years ago was a combination of PEG-IFN and RBV,
hich was not well-tolerated by thalassemic patients leading to

oth low compliance and SVR rates [24].
Moreover, RBV associated hemolysis determines an increase in

he need for transfusions and the consequent worsening of iron
verload leading in turn to an eventual progression of liver damage
25].

First-generation protease inhibitors, which were used in con-
unction with PEG-IFN and RBV for the treatment of genotype 1
nfection, were not experimented in Thalassemia patients because
f their substantial adverse effects. In the end, the majority of
atients infected with hepatitis C who did not clear the virus
pontaneously were still HCV-RNA positive when DAAs became
vailable in Italy. In accordance with the criteria previously laid
own by the ‘Agenzia Italiana del Farmaco (AIFA)’ for the reim-
ursement of DAAs by the Italian National Health System, we

nitially treated patients with chronic HCV and severe extrahep-
tic manifestations of the disease and patients with ≥F3 fibrosis,
nd then the others. The fact that the treatment timeframe of all
ur patients spans from May  2015 means that we  have been able to
dopt almost all the therapies available over this period, and have
btained optimal results with all of them. As with other studies, we
id not find significant differences in terms of SVR between patients
ith or without cirrhosis [12,15].

The majority of patients did not experience any side effects dur-
ng the treatment, and the side effects reported were negligible
n comparison with those depicted in previous antiviral therapies
ncluding IFN. The most relevant side effect was reported in one
f the first patients treated when the combination of simeprevir,
ofosbuvir and RBV for 12 weeks was associated with moderate
ausea which required specific treatment with metoclopramide.
he most commonly reported side effect was mild asthenia, a com-
on  finding in adults with Thalassemia for several reasons, and
hich in any case did not affect their daily-life during DAA therapy.

Finally, the effect of the new antiviral treatments on blood con-
umption was  negligible even in the subgroup of patients treated
ith regimes containing RBV because of its reversibility and the

revity of the treatment.
Our results confirm therefore that the advent of DAAs has rev-

lutionised the treatment of chronic hepatitis C even in subjects
ith Thalassemia major. Not only has the rate of premature with-
rawal because of adverse events been reduced to virtually zero,
hile it was as high as 25% with IFN-containing regimens, but the
robability of SVR has also dramatically increased from between 28
nd 66% in patients under IFN monotherapy and between 31 and
3% in the largest cohort of patients treated with the combination
EG-IFN and RBV compared to results of close to 100% in patients
reated with DAAs [25–27].

There has been much discussion about the role of iron over-
oad in conditioning SVR in Thalassemia patients treated with
EG-IFN [28–30]. One international panel recommended that
he intensification of chelation treatment be considered before
tarting antiviral treatment in patients with severe iron burden,
lthough it underlined that there was little evidence of its utility in

halassemia patients [24]. In our study the majority of patients had
o liver iron or only a mild overload and, in any case, the results
ere equally positive in patients with moderate or severe liver
r Disease 51 (2019) 561–567 565

iron overload so that the role of hepatic siderosis in conditioning
SVR seems extremely unlikely.

Due to the lack of data about possible interactions between oral
iron chelators and DAAs, we initially chose to put all the patients
on desferrioxamine chelation for the period of treatment. After the
publication of studies which demonstrated a lack of specific side
effects and similar efficacy in patients treated with each of the iron
chelators, we decided to continue with the original chelation ther-
apy thereby verifying the data obtained by other Centers [12,15].
We were also able to confirm that renal function measured monthly
in patients on deferasirox did not vary during DAA treatment either
in terms of serum creatinine or in terms of tubular function.

There is an increased awareness of hepatitis B reactivation in
chronic hepatitis C patients coinfected with HBV and treated with
DAAs [31,32]. A recent systematic review and meta-analysis has
shown that HBV reactivation and hepatitis caused by HBV reactiva-
tion may  occur in patients with occult HBV infection and, although
this does not affect SVR, HBV reactivation occurs earlier and is clin-
ically more significant in patients with occult HBV who are treated
with DAAs compared with IFN-based therapies [33]. Our patients
were screened for overt or occult HBV infection before the begin-
ning of DAA therapy. None of them tested positive for chronic
hepatitis B while almost half of them had occult HBV. This is notably
the first time that the prevalence of occult HBV has been reported
in Thalassemia patients. When checking ALT on a monthly basis,
we did not observe any ALT flare, and therefore HBV reactivation –
despite the absence of formal evaluation – is extremely unlikely, in
accordance with the literature on non-thalassemic patients.

LVEF was evaluated in patients with cirrhosis to assess whether
or not the achievement of SVR can impact on cardiac function.
Indeed, cirrhosis is considered a systemic disease [34] and a cor-
relation between HCV infection and the risk of heart failure has
been reported by some authors [25]. However, the majority of the
cirrhotic patients under study had a normal LVEF at the start of the
treatment and no correlations were apparent.

HCV is recognized as being both a hepatotrophic and lym-
photropic virus and its replication in peripheral blood mononuclear
cells may  be etiologically implicated in HCV-related lymphopro-
liferative and immunological disorders. Among these conditions,
B-cell clonal proliferative disorders such as mixed cryoglobuline-
mia  (MC) and non-Hodgkin’s lymphoma (NHL) have been shown
to be strongly linked with HCV [35].

In 1995, a study aimed at determining the frequency of cryoglob-
ulinemia and associated symptoms in 264 HCV-positive transfusion
dependent Thalassemia patients registered the presence of cryo-
globulines in 25.8% of cases [36], in line with our study which
confirmed a high prevalence of cryoglobulinemia with only one
patient presenting symptoms clearly linked to this condition. How-
ever, apart from the usual manifestations, cryoglobulinemia may
be associated with symptoms such as asthenia, arthritis and pro-
teinuria which are very common in Thalassemia patients and
potentially associated with a number of causes, making their attri-
bution to cryoglobulinemia difficult.

Although in our experience all patients with cryoglobulinemia
treated with DAAs have reached SVR, not all of them exhibited
negative cryoglobulines at SVR, as reported in non-thalassemic
individuals [37,38].

Four patients at our Center notably developed non-Hodgkin-
lymphoma before the introduction of DAAs and three of them died.
All four were HCV-RNA positive and did not have MC  (unpublished
data).

In cryoglobulinemia vasculitis, B-cell proliferation may  eventu-

ally reach an HCV-independent autonomous phase [38].

A long-term follow up on patients with Thalassemia major
and MC  treated with DAAs would therefore seem important, with
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 periodic evaluation of lymphocytes subpopulation analysis,
ontinuing even beyond the achievement of cryocrit negativity.

Liver stiffness measured with Transient Elastography was  not
sed to evaluate changes in liver fibrosis after DAAs, since it is a
ell-known fact that it may  be affected by a sudden decrease in

iver inflammatory status [39].
In non-thalassemic subjects, the impact of DAA-based regimens

n the occurrence of HCC in patients with cirrhosis, and in particular
he recurrence of HCC following successful curative treatment is
ontroversial.

Two large-scale prospective studies involving patients receiving
AAs in Italy have demonstrated that residual hepatocellular carci-
oma risk is reduced and declines progressively over time after SVR
40,41]. In a meta-analysis including 26 studies (11,523 patients
ith cirrhosis) DAA therapy was not associated with a higher rate

f occurrence of HCC [42].
Similarly, no new cases of HCC have been reported in our

atients, although caution should be taken as our patient follow-up
fter DAA treatment was relatively brief. In the general population,
ost-SVR close monitoring for HCC development with liver imag-

ng and alpha-fetoprotein is, in any case, recommended twice a
ear indefinitely at least in patients with HCV cirrhosis, since the
ong-term evaluation of the impact on the incidence of HCC is still
ngoing [42]. This is even truer in patients with Thalassemia where
ther risk factors persist, the most relevant being obviously liver
ron overload, which per se is a known risk factor for fibrosis and
CC.

Given the substantial improvements in the survival of patients
ith Thalassemia, it is still controversial whether the mild levels

f iron overload that may  be acceptable over a brief period could
ave long-term serious consequences [43].

According to some authors lowering iron levels even in patients
ho are not iron overloaded may  reduce the risk of malignant

ransformation [44,45].
This reinforces the notion that an increased incidence of HCC in

hese patients cannot be excluded even after the eradication of HCV
nd, for this reason, it would seem prudent to maintain labile iron
nd total body iron levels within the normal range. This means that
lose ultrasound-monitoring remains mandatory in this popula-
ion, especially but not only in patients with cirrhosis or significant
ron overload.

In conclusion, our work shows how hepatitis C has been substan-
ially eradicated in one of the biggest Thalassemia Centres in Europe
nd this is well representative of the reality of developed coun-
ries. It should not be forgotten, however, that HCV still represents

 major health challenge for Thalassemia patients receiving trans-
usions in low-income countries, who are usually infected during
heir childhood [46,47].
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