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Abstract: The increased survival and lifespan of thalassemia patients, in the setting of better

iron overload monitoring and chelation, have also however increased the incidence of

diseases and complications, which were less likely to develop. Among these, one of the

most worrying in recent years is hepatocellular carcinoma (HCC). Due to blood transfusions,

many patients with thalassemia are or have been infected with hepatitis C virus (HCV) or

hepatitis B virus (HBV), especially those born before the 1990s or in countries in which

universal HBV vaccination and safe blood programs are still not completely implemented.

However, HCC has also been described in nontransfused patients and in those who are HCV-

and HBV-negative. Therefore, other risk factors are involved in hepatocarcinogenesis in

thalassemia. The following review analyzes recent literature on the role of different risk

factors in the progression of liver disease in thalassemia as well as the importance of

surveillance. Treatment of HCC in thalassemia is still highly debated and requires further

studies.
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Introduction
Thalassemias are genetic anemias which result from the reduced synthesis of one or

more of the globin subunits of normal hemoglobins. This results in an imbalanced

alpha/beta-globin chain ratio, ineffective erythropoiesis and reduced red blood cell

survival, which lead to variable degrees of chronic anemia and transfusion require-

ment. Currently, thalassemia care providers classify patients as transfusion-depen-

dent thalassemia (TDT) or nontransfusion-dependent thalassemia (NTDT) based on

the established role of transfusion therapy in defining phenotypes.1 In patients with

TDT, peripheral hemolysis and ineffective erythropoiesis are less prominent than in

NTDT, because of the requirement of lifelong regular transfusions for survival;

therefore, they are prone to have all complications linked to this practice, such as

iron overload, virus transmitted diseases and organ damage like heart failure,

cirrhosis and various endocrinopathies.2

In patients with NTDT, the level of anemia is lower than that observed in TDT;

on the contrary, ineffective and expanded erythropoiesis are higher and this not only

determines complications specific to NTDT but also contributes to decreased

hepcidin levels and increased iron absorption from the gut, with high liver iron

accumulation.3,4 These conditions together with the occasional need for transfu-

sions to ameliorate anemia increase the probability of developing further complica-

tions, including endocrinopathies. Thus, NTDT and TDT patients, despite having
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specific clinical complication profiles, share in any case

variable degrees of iron overload and, due to regular or

occasional blood transfusions, are often infected with

either hepatitis C virus (HCV) or hepatitis B virus (HBV).

Until 2000, mortality was mainly linked to high pre-

valence and incidence of cardiac disease, which caused

reduced survival and high morbidity.5 Heart damage ran-

ged from the presence of pulmonary hypertension to

severe and decompensated left cardiomyopathy and ven-

tricular or supraventricular arrhythmias, respectively, in

patients with NTDT and TDT. Because of the wider and

more correct use of chelating agents, including combina-

tion therapy,6,7 together with MRI organ iron overload

assessment, individuals with severe heart iron overload

are less frequently encountered.8 On the contrary, current

data show that most transfusion-dependent thalassemia

patients have normal cardiac iron, but also a significant

proportion of them still have liver iron overload with

concomitant liver fibrosis.9 The increased lifespan of

patients with thalassemia could in long term reveal com-

plications requiring multistep, multifactorial and long-act-

ing processes such as cancer.

Based on current data, patients with thalassemia have

several established risk factors for the development of

hepatocarcinoma (HCC), which include liver iron overload

and high prevalence of viral hepatitis with or without

cirrhosis. But, recent evidence suggest the presence of

other factors, previously less documented and explored,

potentially involved in the pathogenesis of HCC and

probably further increasing the incidence among patients

with thalassemia.

HCC incidence
Since 2000, in the general population, the incidence of

HCC not only is on the rise but is also expected to further

increase in most countries.10 The incidence of HCC rises

progressively with advancing age showing a higher pre-

valence among males.11 In Europe, in 2012, the estimated

incidence rate was 10.0 in men and 3.3 in women per

100,000, respectively.12 Obviously, the incidence is higher

when considering populations at higher risk, because of

the presence of the most important causes of chronic liver

disease, such HBV and HCV, and therefore is highest in

Africa and Asia, approaching almost 80/100,000.11

The first case of HCC in thalassemia was reported in

1986 in a 22-year-old man with transfusional iron over-

load. At postmortem autopsy, liver iron concentration was

50 times normal. The patient resulted in HBV-negative,

but at the time HCV was not identifiable.13 Recently, the

incidence of HCC has been accurately reviewed by Taher

and Moukadder and Finianos et al.14,15 Starting from their

analysis, until 2002, only two cases of HCC in thalassemia

major patients were reported by the literature,13,16 but by

2018, around 93 cases of HCC in TDT or NTDT have

been described.17–26 The majority of HCC cases are from

the survey of Borgna-Pignatti who, collecting data from

most of the Italian centers in 2004 and in 2014, described

22 and later 60 new cases, respectively (Figure 1).17,19 In

Figure 1 Number of cases of HCC associated with HBV infection (HBsAg-positive or evidence of past infection), HCV infection and in absence of viral infections in

thalassemia patients in the update by Borgna-Pignatti et al.17
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the last survey, the evaluation of the total number of the

screened patients allowed extrapolation of a cumulative

incidence. Thirty-two cases out of 4248 patients with

TDT and 28 cases out of 1607 patients with NTDT,

which corresponded to a cumulative incidence of 1.02%

and 1.74%, respectively. Such a high number of NTDT

patients affected by HCC was timely confirmed also by

further case reports or mini-series.20–22,26,27 Therefore,

despite no data available on specific thalassemic genotype

involved in hepatocarcinogenesis, it could be concluded

that NTDT patients seem to be at a higher risk of devel-

oping HCC. Similarly, Mancuso et al in a prospective

study based on ultrasound screening of 105 adults with

TDT found a 2% incidence of HCC during a 1-year

observation period, an incidence comparable to that

observed among HCV positive subjects. In Italy, HCC

incidence results higher in thalassemia than in the general

population, in which it affects 3.5 women and 12.8 men

out of 100.000 each year.28

Interestingly, in thalassemia, the incidence among

females and males is comparable, while in the general

population the greater prevalence of HCC among males is

sustained by the higher incidence of cirrhosis, higher levels

of smoking and alcohol intake. Experimental findings in

animals also highlight the role of male sex hormones and/or

hormone receptors in HCC development.29 It is worth to

note that in the series by Borgna-Pignatti et al, 55% of the

patients were hypogonadic and it is plausible that this may

account to limit the differences in incidence between gen-

ders. Furthermore, compared to the general population,

HCC appears at a younger age in thalassemia patients,

suggesting the presence of specific, but also multiple, risk

factors for this population.

The role of HCV infection
Globally, HCV-related liver diseases account for approxi-

mately 399,000 deaths per year.30 HCV infection is corre-

lated with the development of cirrhosis, HCC and other

liver complications, especially if left untreated. Patients

with hemoglobinopathies, transfused before screening of

blood donors was introduced in 1992, are at higher risk of

bloodborne HCV infection. In the early 1990s, immedi-

ately after HCV screening became available, the preva-

lence of chronic HCV infection among patients with

thalassemia was reported to range from 4.4% in Turkey

to 85.4% in Italy.31 In the last 20 years, the prevalence has

progressively decreased, but remains higher than the gen-

eral population. The most frequent HCV genotype

identified in Italian patients is 1b, with a prevalence

exceeding 60%.32 Overall, 88% of thalassemia patients

with HCC are infected with HCV (either as HCV Ab or

HCV RNA). In the initial Italian registry by Borgna-

Pignatti, 86% of the 22 patients with HCC and thalasse-

mia, were HCV+; similarly, in the updated data, 87% of

the 62 patients with HCC were HCV+ (Figure 1).17,19 It

has also been demonstrated that in thalassemic patients,

HCC can occur even in the absence of significant

cirrhosis.33

The role of HCV in the pathogenesis of HCC is complex.

HCV-mediated carcinogenesis is both directly related to the

virus through molecular mechanisms and indirectly due to

HCVcomplications like fibrosis and cirrhosis. TheHCV core

protein can modulate several signaling pathways involved in

cell cycle regulation, cell growth promotion, cell prolifera-

tion, apoptosis, oxidative stress and lipid metabolism. The

dysregulation of specific pathways such as TGF-β, vascular
endothelial growth factor, Wnt/β-catenin, cyclooxygenase-2
and peroxisome proliferator-activated receptorα, by theHCV
core protein is implicated in the development of HCC. In

particular, HCV induces the production of TGF- β, which
activates hepatic stellate cells that are responsible for

fibrosis.30,34

In patients with chronic HCV hepatitis, iron overload

potentiates and accelerates the progression of fibrosis.35,36

In HCV-positive patients, liver iron is often increased, due

to a direct negative effect of the virus on hepcidin

expression.37 A Japanese study demonstrated that patients

with chronic hepatitis C and moderate/severe liver iron

overload who underwent weekly phlebotomy until they

reached mild iron deficiency were significantly less likely

to progress to HCC compared to a control group (odds

ratio 0.57; P=0.0337).38

Of course, prevention of bloodborne infections is the

key to significantly reduce HCC in thalassemia patients.

However, for those who have already contracted the dis-

ease, effective chelation therapy and treatment of the HCV

infection are needed to prevent liver complications and

reduce morbidity and mortality.

The role of HBV infection
HBV is the most common cause of HCC worldwide,

accounting for 54% of the cases, with global mortality

rates in 2010 estimated in 786,000 deaths (341,400 deaths

for HCC and 312,400 for cirrhosis).39 The role of HBV in

hepatocarcinogenesis was first reported in the 1970s when

chronic HBV infection was associated with an increased
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incidence of HCC in the general population.40 Currently,

the incidence is highest in endemic hepatitis B areas, such

as East Asia and sub-Saharan Africa, with 85% of the total

number of cases, while in most Western countries the

incidence is much lower, and most cases are secondary

to HCV and more recently nonalcoholic fatty liver disease.

HBV-related HCC is theoretically a preventable disease, as

proven by the reduction of cases with the introduction of

HBV vaccination in children in some endemic countries.41

Annual occurrence rates of HCC in patients with HBV-

related cirrhosis are about 2.3%.42 Risk factors for the

development of HCC in these patients are higher HBV

DNA levels, HBeAg positivity, higher HBV surface anti-

gen levels, HBV genotype C, basal core promoter muta-

tions, older age, male gender, chronic active hepatitis,

higher ALT levels and higher alfa-fetoprotein (aFP).

Anti-HBV treatment with nucleoside analogs has proven

to decrease the occurrence of HCC in patients with HBV-

related cirrhosis.43 Coinfection with HCV, along with

other risk factors (alcohol abuse, nonalcoholic fatty liver

disease, iron overload, other underlying liver diseases),

further increases the risk of developing HCC in HBsAg-

positive patients with liver cirrhosis.

The pathogenetic mechanisms underlying HBV carci-

nogenesis appear complex and the following processes

have been demonstrated in playing a role: HBV genome

integration, chronic inflammation, epigenetic mechanisms,

host immune response and cytokine production promoted

by the HBV core protein.44

HBV infection is also reported in thalassemia patients.

Worldwide, 0.3%–5.7% of thalassemia patients are hepa-

titis B surface antigen (HBsAg)-positive.39 In particular,

according to the updated Italian registry, 5% of the patients

were HBsAg-positive and 58% had evidence of past HBV

infection.17 The pathogenesis of chronic hepatitis B in

hepatic carcinogenesis in patients with thalassemia is still

unclear. In the first Italian study, Borgna-Pignatti et al

reported two HCC patients with HBs Ag+, one with asso-

ciated HCV RNA+ and the other with HVC AB+, but

negative HCV RNA status. Both patients had significant

iron overload at diagnosis.19 To date, there seem to be no

reported cases in the literature of HCC in HBV-infected

thalassemia patients in the absence of HCV-coinfection or

significant iron overload.14

Current treatment guidelines for patients with chronic

hepatitis B in the general population include the use of

interferon and oral nucleoside/nucleotide analogs.

However, there are no data in the literature regarding

treatment in thalassemia patients with HBV infection.

Therefore, the role of these agents in preventing or redu-

cing the risk of HCC in thalassemia requires investigation.

Advances in serology and viral nucleic acid testing

(NAT) of blood donors have significantly reduced the

risk of transfusion-transmitted hepatitis B. However, a

specific residual risk remains associated with extremely

low viral DNA levels in blood donors with occult HBV

infection (OBI) that are intermittently or not detectable by

the current available assays. OBI is a clinical form of

hepatitis B, defined as the presence of replication compe-

tent HBV DNA in the liver and/or blood of subjects testing

negative for HBsAg. Patients who undergo regular trans-

fusion therapy remain therefore at risk of transmission.

Studies have shown that OBI can be related to liver dis-

ease including HCC, fibrosis and cirrhosis.45,46

The prevalence of OBI varies greatly worldwide and

among specific patient populations, being higher in Asia.

Studies conducted among blood donors demonstrated the

presence of HBV DNA in 0%–4.6% of HBsAg-negative

and anti-HBc positive subjects, with or without anti-HBs,

with a median prevalence of 1.0%.47–54 In an Italian study,

HBV DNA was detected in 16% of the subjects with

normal liver histology who underwent abdominal surgery

from 2002 to 2006.45 Worldwide the incidence of transfu-

sion-related transmission of HBV from OBI donors might

be underestimated. The role of OBI in the progression

toward cirrhosis and HCC in patients with chronic liver

disease due to other causes is still debated. Further mole-

cular and onco-pathogenetic studies are required. It is,

however, important to keep in mind that patients with

OBI can experience reactivation of HBV replication if

receiving cancer chemotherapy or other immunosuppres-

sive therapies. Currently, antiviral therapy is not recom-

mended for persons with OBI.55

The role of iron overload
Iron overload is clearly implicated in the development of

HCC. The incidence of HCC in patients with hereditary

hemochromatosis (HH) is around 5–10%, increasing to

18% in the presence of cirrhosis. The risk of carcinogen-

esis in patients with HH and African dietary iron overload

syndrome is from 10 to 200 times higher compared to the

general population.56,57

Several studies have reported cases of HCC in NTDT

patients with high iron overload. In the Italian registry

update, 4 of the 62 patients with HCC had no evidence

of exposure to HBV and HCV and were all affected by
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thalassemia intermedia. In three of these, ferritin levels at

the time of diagnosis were higher than in other thalassemia

intermedia patients.17,19,26 In a Greek study, HCC was

reported in 3 of 9 patients with thalassemia intermedia.

All patients had liver fibrosis and hepatic iron overload

and had received iron chelation late in life. None had a

history of viral hepatitis.20 A study from Lebanon reported

2 additional cases in thalassemia intermedia patients nega-

tive for previous HBV and HCV infection.21

Iron certainly plays a role in the development of HCC

through the acceleration of fibrosis to cirrhosis. However,

both animal and human in vitro studies have demonstrated

that excess iron has direct and indirect effects on liver

carcinogenesis through complex and multifactorial

mechanisms, even in the absence of cirrhosis.58–63 In

NTDT, ineffective erythropoiesis and hypoxia increase

expression of growth differentiation factor 15 and

hypoxia-inducible transcription factors, which downregu-

late hepcidin. This results in increased iron absorption

from the gut and recycling of iron from the reticuloen-

dothelial system, leading to preferential hepatocyte iron

loading.64,65 Oxidative stress is known to play an impor-

tant role in carcinogenesis. Iron overload has been proven

to favor the formation of reactive oxygen species (ROS)

through the Fenton reaction, causing lipid peroxidation

and subsequent formation of toxic byproducts that impair

protein synthesis and disrupt DNA, leading to mutations in

tumor suppressor genes (such as p53) and DNA repair

genes.21,56,57

Furthermore, it has been suggested that iron overload also

interferes with immune surveillance. There is growing evi-

dence that iron and ferritin have a negative effect on the

tumoricidal function of macrophages in mice, decreasing anti-

body-mediated and mitogen-stimulated phagocytosis.66,67

Iron determines inhibition of lymphocyte proliferation, altera-

tion of T lymphocyte subsets and modification of lymphocyte

distribution in different compartments of the immune system.

In vitro studies found that non-transferrin bound iron inhibits

CD4 lymphocytes. This may explain the presence of low CD4

to CD8 ratio seen in thalassemic and genetic hemochromatosis

patients described in some series. The consequent unbalance

of immunoregulation may favor tumor cell growth.15,56,67–71

Delayed chelation and iron overload monitoring, along

with poor compliance, are major issues in NTDT patients,

who are at higher risk for developing HCC even in the

absence of hepatitis infection or cirrhosis. Recent NTDT

management guidelines recommend initiation of chelation

therapy in patients with either ferritin levels higher than

800 ng/L or liver iron concentration (LIC) above 5 mg/g

dw. However, serum ferritin has been shown to under-

estimate iron overload in NDTD, with an irregular correla-

tion between ferritin level and LIC, as measured by R2

MRI or superconducting quantum imaging device.

Therefore, a decision-making algorithm has also been

developed to aid iron monitoring and initiation of chela-

tion therapy.2,72

The potential role of nonalcoholic fatty

liver (NAFL) as part of the metabolic

syndrome and diabetes mellitus (DM)
Recently, using liver ultrasound imaging and deranged

aminotransferase levels, a never assessed before preva-

lence of liver steatosis 35.5% was found in a cohort of

patients with NTDT. It is worth to note that only 4.5% of

the patients of the cohort were HCV-RNA-positive.73 A

previous study has directly linked liver steatosis to HCV

infection as shown by its wide presence (about 50%) in

liver specimens taken from subjects affected by chronic

hepatitis.74 However, the study had several limitations.

First of all, the diagnosis was only ultrasound-based.

Furthermore, liver steatosis in non-alcoholic fatty liver

disease is considered to be a hepatic manifestation of the

metabolic syndrome, the evaluation of which was limited

to BMI assessment. In fact, hepatic steatosis or “fatty

liver” is a trait for pathologic conditions ranging from

NAFL to nonalcoholic steatohepatitis (NASH) as part of

the metabolic syndrome, whose prevalence was not

assessed in the study. Overall, these findings, despite unex-

pected, were not surprising, because in the general popula-

tion of Western countries, an increasing prevalence of liver

steatosis, obesity, diabetes and metabolic syndrome has

been detected and is becoming the leading cause of

chronic liver disease. In most of the patients with

NAFLD/NASH where HCC develops, there is no histolo-

gical evidence of cirrhosis.75

NAFLD represents a new emerging risk factor for the

onset of liver and extra-hepatic carcinogenesis, character-

ized by impaired production of adipocytokines which, in

turn, favor an increase in pro-inflammatory cytokines,

further contributing to the microenvironment favorable to

the development of cancer.76 Data from the Surveillance,

Epidemiology and End Results-Medicare linked database

between 2004 and 2009 showed that NAFLD represented

the third most common cause of HCC, after hepatitis C

and alcohol-related disease diagnosed in 14.1% of the
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patients with HCC.77 However, to date, the prevalence of

NAFLD in the general population is increasing especially

in developed countries. At the same time, the prevalence

of NAFLD has increased in patients with HCC, with

several studies showing that steatosis at present has sur-

passed HCV and HBV as the first cause of HCC, ranging

from 25% to 35% of all cases.78

Interestingly, in the general population with hyperfer-

ritinemia, the coexistence of hepatic iron and fat is com-

mon. Fat plays an interactive and aggressive role in the

progression of diseases (fibrosis, cirrhosis and hepatocel-

lular carcinomas) to the point that new studies and meth-

odologies have been recently assessed to quantify liver fat

and liver iron content by measurement of confounder-

corrected proton density fat fraction and R2.79 Thus,

further data are needed to correctly determine the preva-

lence of NAFLD and metabolic syndrome among wider

cohorts of NTDT and TDT patients, particularly in

Western countries. The assessment of the presence of fat

in the liver should be extensively performed during the

radiologic evaluation of liver iron overload.

While currently the presence of liver fat is unpredicta-

bly associated with iron in the liver and with metabolic

syndrome, TDT and NTDT patients, as a direct conse-

quence of iron overload, frequently suffer from endocri-

nopathies and DM whose prevalence has been historically

more accurately quantified. Studies from different cohorts

report a prevalence of DM in thalassemia which varies

from 4.9 to 20%.19,80–84 However, again there are possible

complex interactions between risk factors, which should

be discussed. In fact, it is worth to note also that HCV

infection may induce insulin resistance by a direct effect

on insulin signaling pathways and may cause a direct

cytopathic effect at the islet cell level, reducing insulin

release.84 On the other hand, epidemiologic and pathoge-

netic data seem to suggest the existence of a direct rela-

tionship between type 2 diabetes mellitus (T2DM) with

cancer risk, being also irrespective of chronic viral hepa-

titis and hemochromatosis. Patients with a history of

T2DM at baseline had a hazard ratio of 2.14 (95% con-

fidence interval, 1.69–2.71) to develop HCC with respect

to those without.85 Biological mechanisms linking T2DM

and HCC are complex and difficult to elucidate, but given

the previous recognized close inter-play between T2DM,

obesity and NAFLD, the consequent activation of a pro-

inflammatory and pro-oxidant status is again potentially

implicated in the development and progression of HCC.86

It is interesting to note that in the 2014 HCC update by

Borgna, the incidence of DM was 31%. Unfortunately, the

diabetic status prevalence was not reported by other major

series available in the literature.17

The treatment
To date, very little evidence has been published to support

specific treatment guidelines for thalassemia patients with

HCC. The management is mainly based on data extrapo-

lated from experience in the general population.87–96

Several treatment options have been reported to be safe

and effective: surgical resection, chemoembolization,

simultaneous percutaneous radioablation and ethanol

injection.23,24,33,89 In the Italian survey by Borgna, 22

patients were treated with chemoembolization alone, 13

with thermoablation with radiofrequency, 16 underwent

surgical resection, preceded or followed by chemoemboli-

zation or thermoablation, 3 patients underwent liver trans-

plant, 18 received palliative therapy and 3 cases kinase

inhibitor, sorafenib. Two of the transplanted patients died

for causes independent of thalassemia (cirrhotic liver fail-

ure and meningococcal sepsis).17,83 Sorafenib has proven

to significantly improve the prognosis of early-stage

HCC.89,90 However, its role in thalassemia patients

requires further studies, as it produced unclear outcomes

in the 3 Italian patients reported by Borgna.17,26

Unfortunately, there are little data available on liver

transplantation in thalassemia, as only a few patients

have undergone this procedure.83 Outcomes from pub-

lished cases show promising results.17,26,33 In an Italian

study, survival of the only transplanted patient was 69

months, whereas the survival of the 8 untransplanted

patients was 25.25±23.65 months (range, 3–64

months).26 Two other patients from a different Italian

study underwent successful liver transplantation with

satisfactory outcomes in both cases after 6 months and

2 years of follow-up evaluations, respectively.33 There

has been only one report of combined liver and heart

transplantation for end-stage iron-induced cardiac and

liver failure in an adult with thalassemia major. At a 2-

year follow-up, the patient’s hepatic and cardiac func-

tions were normal.97 For years, thalassemia has been

considered a contraindication to liver transplantation,

mainly due to cardiac comorbidities.83,98,99 However,

given the encouraging results reported above, this issue

should be reconsidered. Today, thalassemia patients

survive longer with fewer cardiac comorbidities, thanks

to adequate chelation therapy and iron overload mon-

itoring. Selected patients, without significant heart
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disease or severe pulmonary hypertension, should be

considered eligible for liver transplantation.

To date, the best choice of treatment remains contro-

versial, because the evidence is mainly based on a series of

case reports. Considering the rarity of the condition, multi-

center studies are recommended.

Surveillance and prevention
HCC is a growing cause of premature morbidity and mortal-

ity among patients with thalassemia. As discussed before,

current data suggest the presence of multiple and long-acting

risk factors, in the development of HCC in thalassemia

patients. One could hypothesize that the longer is the expo-

sure and the more numerous are the players in game, the

higher is the risk of HCC occurrence. Generally, those who

develop HCC show no signs of illness for a long time after

exposure; it can take several years or more for symptoms to

appear. On the other hand, we cannot assume that cancer risk

disappears as soon as the carcinogenetic stimulus is removed.

The ideal intervention (primary prevention) to reduce HCC

occurrence should be the early correction or elimination of all

risk factors. The lack of tools or biomarkers able to stratify

the risk of HCC in the differently exposed population sug-

gests that all patients with presence and/or history of expo-

sure to one or more risk factors (HCV infection, HBV

infection, liver iron overload, etc) should be monitored care-

fully and started to the HCC screening early.100 It should also

be considered that, while HCV infection is probably the main

and more frequently observed risk factor and that cirrhosis is

generally a pre-cancerous stage, several cases of HCC have

been reported in patients with NTDT with a non-viral and

non-cirrhotic liver. For these reasons, surveillance for the

tumor is strongly needed probably in most thalassemia

patients in the presence of just one risk factor even in the

absence of cirrhosis. These patients should follow the same

recommendations currently used for the general population

affected by cirrhosis or HCV chronic hepatitis, with an

abdominal ultrasound performed every 6 months.96 The

American Association for the Study of Liver Diseases

recommends using abdominal ultrasound for surveillance of

patients with cirrhosis without aFP, because this biomarker

lacks adequate sensitivity and specificity, as confirmed by the

updated study of Borgna Pignatti et al, where aFP levels were

normal in 44% of the patients.17,101 By contrast, a recent

meta-analysis reports that addition of aFP to abdominal

ultrasound significantly increases the sensitivity of early-

stage HCC in clinical practice.102

Concerning liver iron overload and the associated risk,

there are no studies addressing this condition specifically.

In all patients, LIC should be evaluated using modern,

noninvasive and currently widely available T2* or R2*

MRI methodology. As per consequence of the seminal

study of Musallam, in never chelated patients, probably a

cutoff of 5 mg Fe/g dry weight could be considered to start

screening patients for HCC and this evaluation should be

carried out yearly, as suggested.14,103 However, it should

be considered that probably there is no safe level of iron,

especially considering long-term exposure.104 Therefore,

also individuals with a history of previous moderate-to-

severe liver iron overload, who are currently well chelated,

will need to be strictly followed by an abdominal ultra-

sound to screen the long-term health consequences of their

previous exposure. Obviously, in the current management

of thalassemia, any attempt should be carried out to main-

tain long-term low levels of hepatic iron, but avoiding the

risk of overchelation. Iron chelation and iron monitoring in

thalassemia patients, especially if HCV- or HBV-positive,

appear to be crucial in order to prevent the development

of HCC.

The role of iron-induced oxidative stress in carcinogen-

esis has been thoroughly described in literature. More

recently, treatment with combinations of antioxidants has

been proposed to reduce and/or neutralize the effects of

labile iron and ROS (vitamin E, polyphenols, selenium,

zinc, N-acetylcysteine, etc).105 However, the potential

anti-carcinogenetic effects in thalassemia require further

studies.

More unpredictable and less quantified is the risk

linked to liver steatosis, DM and metabolic syndrome. A

part the still unmet need to accurately diagnose these

morbidities in thalassemia, to what extent, these factors

alone or in combination with those previously described

could represent a productive ground for liver cancerogen-

esis, even in the absence of cirrhosis, should yet be accu-

rately assessed. However, particularly in Western

countries, it is reasonable to recommend, as for the general

population, the prevention of obesity and its related com-

plications encompassing DM, assuming that the benefit

will be similar.

Given that the advent of donor blood screening with

NAT technology has dramatically reduced the new cases

of transfusion-transmitted hepatitis B or C, by analogy

with the general population, any effort should be made to

remove any existing HCV infection. Most of our cohorts

of thalassemic patients were infected with HCV before the
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1990s. Chronic infection with HCV remains one of the

major and well-recognized risk factors for developing

HCC. Older regimens for the treatment of HCV infection,

based on interferon alone or in combination with ribavirin,

achieved limited response rates (sustained virological

response (SVR) rates of 25–64% in thalassemia) and

were associated with morbidity, adverse drug–drug inter-

actions and hemolysis with consequent iron

overload.3,6,15,73,106–115 Therefore, in patients with thalas-

semia, the 2016 European Association for the Study of the

Liver guidelines recommend interferon-free regimens for

the treatment of HCV infection. Direct-acting antiviral

agents (DAAs) have demonstrated to be safe and effective

in patients with chronic HCV infection.32,116–119 To date,

data on DAAs are limited in patients with hemoglobino-

pathies. However, in a large multicenter observational

study, these agents demonstrated to be safe and effective

in patients with hemoglobinopathies and cirrhosis/chronic

hepatitis due to HCV. Of the 139 patients included in the

study, 136 patients (97.8%) achieved a response at end of

treatment, and 130 (93.5%) achieved a SVR with no sig-

nificant treatment-related adverse events reported.32 In a

more recent study, in 99 patients from one large thalasse-

mia center in Italy, the final SVR was 97% (96/99) in the

intention-to-treat analysis. At the time of publication, the

mean follow-up observation period was 668 days (range

87–1159 days) from starting on DAAs, and none of the

patients had developed HCC.120

Several studies in the general population have shown

that the risk of HCC is significantly lower in patients who

achieved SVR following antiviral treatment compared to

untreated patients.30,121–123 However, in literature, cases of

HCC are still reported in patients who have become HCV

negative after treatment with different regimens (peg-IFN

alone or peg-IFN interferon plus RBV or DAAs).124 The

eradication of the HCV virus may extremely improve the

quality of life of the adult individual with thalassemia, but

the advantage in terms of reduction of liver complications,

HCC occurrence and overall survival requires long-term

observation. In fact, among the general population, there

has been a large debate whether the achievement of SVR

may have a positive impact in HCC incidence or not.

Therefore, definite conclusions cannot be currently

made and longer follow-up periods will be necessary to

understand the effects of anti-HCV treatment on the inci-

dence of HCC in thalassemia patients. While treatment

with DAAs has proven to be effective in obtaining SVR,

it has been hypothesized that this treatment alone is not

sufficient to block the progression of liver disease in the

context of inflammation, oxidative stress, severe liver

injury and metabolic dysregulation. Patients with

advanced fibrosis, who achieve SVR after DAA therapy,

are still at a long-term risk for progression to liver cirrho-

sis and HCC and therefore should continue to receive

routine HCC surveillance and screening. These considera-

tions could be particularly reasonable for patients with

thalassemia, where other risk factors are frequently

concomitant.125

Recently, anti-inflammatory/hepatoprotective drugs

have been proposed in combination or after DAA treat-

ment, to reduce liver disease progression and HCV recur-

rence risk.126

Conclusion
Apart from case reports or series with limited numbers of

patients, data on hepatic carcinogenesis and HCC inci-

dence in patients with thalassemia are poor and related to

a few registers or collections. To better understand its

development and pathogenesis, new updates and larger

studies from different populations are mandatory. HCC,

as most cancers, occurs as a result of a multistep process

requiring the accumulation of numerous genetic lesions,

frequently caused by several actors that may operate

synergistically. Patients with thalassemia are/have been

frequently affected by one or more well-recognized pre-

disposing conditions to liver carcinogenesis since a young

age (ie, HCV and/or HBV infection, iron overload, or

advanced cirrhosis). Less specific, but probably of not

secondary importance, is the contribution of the increased

prevalence of type 2 diabetes, consequence of HCV infec-

tion, iron overload or the obesity pandemic, which seems

to have not spared thalassemia patients (Figure 2).

Figure 2 Complex interplay between risk factors for HCC in thalassemia patients.
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In this population, given the increase in age, we are

recording a parallel rise in the HCC occurrence, as

expected. In the absence of studies that could help to

exactly stratify individual risk, any action should be per-

formed to remove as soon as possible all discussed risk

factors. Conventional ultrasound surveillance of cirrhotic

and non-cirrhotic patients should be a priority in the man-

agement of patients with at least one HCC risk factor.

Further studies are needed to find biomarkers that could

help to exactly stratify the individual risk and tailor

screening programs and treatment.
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