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Abstract. Background/Aim: The incidence of hepatocellular carcinoma (HCC) in patients with 

transfusion dependent thalassemia (TDT) has been increasing, where viral hepatitis and iron 

overload are the two established HCC risk factors. The aim of this study was to investigate the 

etiological factors of HCC development and to evaluate the possible factors associated with 

survival in our cohort of TDT patients with HCC.  

Methods: Records of patients with TDT diagnosed with HCC from 2008 to 2018 were reviewed. 

Liver iron concentration (LIC) has been assessed by the signal-intensity-ratio MRI. The 

diagnosis of HCC was made by a 3-phase contrast magnetic resonance imaging (MRI) and 

patients were staged and treated for HCC according to Barcelona Clinic Liver Cancer (BCLC) 

grading system. 

Results: Forty-two TDT patients with HCC have been included. Most of them (78.5%) were anti-

HCV positive, 59.5% HCV-RNA positive, and 16.5% had serological markers of resolved HBV 

infection. Patients with HCV infection have been treated successfully with either Peg-

IFNa±Ribavirin or with the new direct antivirals (DAAs). At the time of HCC diagnosis, all 

patients with chronic HCV infection were HCV-RNA negative, 78.5% had underlying cirrhosis, 

and the vast majority (98%) had average or mild elevated LIC values. According to the BCLC 

system, patients were classified as 0-A: 28.5%, B: 57% and C-D: 14.5%.  HCC has been treated 

with loco-regional treatment in 78.5% of our patients, while the rest have received sorafenib. 

Twenty-eight patients (66.5%) died due to HCC with a median survival time of 6 months (range: 

2-60). Using the Cox proportional hazard model, the only factors associated with poor survival 

were BCLC stages C and D. 

Conclusions: In conclusion, BCLC staging is the main prognostic factor of survival in patients 

with TDT who develop HCC. 
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Introduction. The incidence of hepatocellular 

carcinoma (HCC) in patients with thalassemia has been 

increasing in recent years, where chronic viral hepatitis 

and iron overload are the two established HCC risk 

factors in this particular patient population.
1
 

Importantly all these factors are both preventable and 

treatable. 

Both alpha- and beta-thalassemia are more 

prevalent in tropical and subtropical regions of the 

world. The southern regions of Europe, such as Italy 

and Greece, are the most likely areas to be affected in 

Europe. Greece, a country of approximately 11 million 

people, has a mean frequency of thalassaemia carriers 

at 7%.
2
 

The role of viral hepatitis as a risk factor for 

hepatocarcinoma is essential in thalassemia, mainly in 

older patients, since the risk of viral transmission 

through blood transfusion was significantly reduced 

after the 1990s with the identification of the HCV virus 

and the universal screening of blood donors.
3
 The 

estimation of the current prevalence of Hepatitis C in 

Greece ranges from 0.5% to 2% according to the 

population studied, while the prevalence of HBsAg 

was 0.84% in a 6-year blood donor based study in 

Athens.
4,5

 HBV-induced hepatocarcinogenesis is a 

multifactorial process that involves the presence of 

chronic hepatitis and cirrhosis and also the direct role 

of hepatitis B virus (HBV), development of HCC in the 

absence of cirrhosis, mainly through HBV-DNA 

integration into the host DNA which alters the function 

of endogenous genes or induces chromosomal 

instability.
6
 On the other hand, HCV-induced 

hepatocarcinogenesis of HCC is a gradual process that 

relates to chronic hepatitis and the duration of disease 

leading to liver cirrhosis.
7-10

 Furthermore, the risk of 

HCC is greatly reduced in HCV cirrhotic patients who 

obtained a sustained virological response (SVR) after 

HCV treatment but is not eliminated.
11,12

 

Both the incidence and the etiology of HCC 

changed over the last 25 years. In a recently published 

study performed in Crete island, authors indicate a rose 

from 6.0 new cases per 100,000 inhabitants in the first 

five-year period (1990-1994) to 16.8 in the last five 

years (2010-2014). The change was mostly attributable 

to a gradual increase in the incidence of HB, alcohol 

and non-alcoholic fatty liver disease (NAFLD) related 

cases, especially during the last decade.
13

 

The hepatocarcinogenicity of iron seems to be a 

very complex phenomenon. It is well established that 

patients with hereditary hemochromatosis have a risk 

of developing HCC even in the absence of cirrhosis.
14

 

Even more, several reports have described the 

development of HCC in non-cirrhotic patients with 

thalassemia syndromes who were negative for HBV 

and HCV but had a hepatic iron overload. The primary 

hypothesis is that free iron, even in the absence of 

cirrhosis, is hepatocarcinogenic due to the generation 

of reactive oxygen species (ROS), which causes 

peroxidation of membrane fatty acids that impair 

protein synthesis and disrupt DNA synthesis.
15

 

Data concerning etiological factors and treatment 

outcomes of HCC appear to be lacking in patients with 

transfusion dependent thalassemia (TDT). The aim of 

this study was to investigate the etiological factors of 

HCC development and to evaluate the possible factors 

associated with survival among Greek patients with 

TDT and HCC.  

 

Patients and Methods. We review the records of all 

patients with TDT who developed HCC from a referral 

tertiary liver center of Athens from 2008-2018. The 

database included patient demographic and 

epidemiological characteristics, medical history data, 

as well as clinical and laboratory data. All patients 

were under systemic transfusions at 2-4-wk intervals 

(age of initial treatment: 3 months to 5 years) and iron 

chelation therapy either with deferoxamine (DFO) or 

deferiprone (DFP) or deferasirox (DFX) (age of initial 

treatment: 2-15 years). Hematological /biochemical 

parameters including ferritin levels, serological 

markers of hepatitis B (hepatitis B surface antigen, 

antibodies to hepatitis B surface and core antigens) and 

hepatitis C (antibodies to hepatitis C virus) have been 

determined by commercially available assays. Serum 

α-fetoprotein (αFP) levels have been determined by a 

commercially available assay (R&D) with a lower cut-

off value of 20 ng/mL. All anti-HCV positive patients 

were further evaluated with HCV-RNA by 

commercially available quantitative PCR assays 

(COBAS TaqMan HCV v1.0 or v2.0; Roche 

Diagnostics) with a lower limit of detection of 43 and 

15 IU/ml respectively. 

Τhe average of the last four measurements before 

the diagnosis of HCC has been used to represent the 

levels of ferritin and hemoglobin for the purpose of our 

analysis. All included patients in the study had serum 

ferritin levels less than 1,000 ng/ml. Hepatic magnetic 

resonance imaging (MRI) is now considered the gold 

standard method for estimating and monitoring liver 

iron concentration (LIC) in these patients. Thus, liver 

iron overload has been assessed by the signal-intensity-

ratio MRI (Rennes University algorithm) at the time of 

HCC diagnosis.
16,17

 Patients with LIC values 

≤40μmolFe/g were considered as normal, those with 

LIC values between 40 and ≤100 μmolFe/g as having 

mild hemosiderosis, those with LIC values between 

100 and ≤200 μmolFe/g as having moderate 

hemosiderosis and those with LIC values above 200 

μmolFe/g as having severe iron overload.
16

 Liver 

cirrhosis has been diagnosed using imaging methods 

(computed tomography scan or liver ultrasound), while 

in four of them (9.5%) has been documented by liver 

biopsy. The diagnosis of HCC was done by magnetic 

resonance imaging (MRI) with contrast (3 phase) and 
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was confirmed by guided liver biopsy in uncertain by 

MRI cases. All patients were assessed using Barcelona 

Clinic Liver Cancer (BCLC) grading system and were 

classified as very early or early stage (0-A), 

intermediate stage (B), and as advanced or terminal 

stage (C-D).
18

 The very early stage (BCLC 0) is 

defined as the presence of a single nodule < 2 cm in 

diameter in patients with well-preserved liver function 

(Child-Pugh A). The early stage (BCLC A) 

corresponds to patients with one nodule < 5 cm or up to 

three nodules each < 3 cm. Patients with BCLC stages 

0 and A are candidates for potentially curative 

treatment options such as surgical resection, liver 

transplantation, or local radiofrequency ablation (RFA). 

The intermediate stage (BCLC B) includes 

asymptomatic patients with large or multifocal tumors. 

The advanced stage (BCLC C) concerns patients with 

cancer-related symptoms, macrovascular invasion, or 

extrahepatic spread. Patients with BCLC B and C are 

treated with palliative approaches, such as transarterial 

chemoembolization (TACE) or systemic therapy with 

sorafenib. Patients in the terminal stage (BCLC D) 

receive best supportive care.
19

 The study has been 

performed according to the World Medical Association 

Declaration of Helsinki and has been approved by the 

hospital ethics committee. All patients were informed 

and consent to access their confidential data from the 

hospital’s medical records. 

 

Statistical analysis. All data were analyzed using the 

statistical package MedCalc (version 18.11). Statistical 

analysis was performed using a t-test for comparisons 

of continuous variables between groups and corrected 

chi-squared test for comparisons of qualitative data. A 

two-tailed p value <0.05 was considered to be 

statistically significant. The survival time for each 
 

Table 1. Baseline characteristics of 42 patients with thalassemia major and HCC. 

 Total (N=42) Dead (n=28) Alive (n=14) 

Age, years 45.5±5.8 46±5.8 44.5±6 

Gender (males), n (%) 27 (64.5) 19 (68) 8 (57) 

History of anti-HCV positivity, n(%) 

 History of HCV RNA positivity, n (%) 

 History of SVR, n (%) 

33 (78.5) 

25 (59.5) 

25 (100) 

21 (75) 

19 (90.5) 

19 (100) 

12 (86) 

6 (43) 

6 (100) 

anti-HBc positivity, n (%) 7 (16.5%) 6 (21.5) 1 (9) 

Cirrhosis at diagnosis of HCC, n (%) 

 C/P A 

33 (78.5%) 

33 (100) 

24 (86) 

24 (100) 

9 (64.5) 

9 (100) 

LIC, μmolFe/g 48.6±29.5 49.25±31.8 47.2±25.4 

Grade of siderosis at diagnosis of HCC, n (%) 

 normal LIC (≤40 μmolFe/g) 

 mild (40<LIC≤100 μmolFe/g) 

 modereate (100<LIC≤200 μmolFe/g) 

 severe (>200 μmolFe/g)  

 

23 (55) 

18 (43) 

    1 (2) 

    0 

 

15 (53.5) 

12 (43) 

1 (3.5) 

0 

 

8 (57) 

6 (43) 

0 

0 

ALT, IU/L 34±32.5 49.2±34.5 21±5 

AST, IU/L 34±55.5 82.3±58 30±10 

Albumin levels, mg/dl 3.6±0.6 3.4±0.6 4±0.6 

αFP, ng/ml (range) 20 (1.7-215,100) 28.35 (1.9-215,100) 20 (1.7-20,300) 

αFP classification (lower cut-off value of 20 ng/mL) 

 ≤100 ng/ml, n (%) 

 >100 ng/ml, n (%) 

 

26 (62) 

16 (38) 

 

16 (57) 

12 (43) 

 

10 (71.5) 

4 (28.5) 

Number of HCC lesions, n (%) 

 <3 

 ≥3 

 

17 (40.5) 

25 (59.5) 

 

11 (39) 

17 (61) 

 

6 (43) 

8 (57) 

Maximum diameter of HCC, n (%) 

 <5 cm 

 ≥5 cm 

 

24 (57) 

18 (43) 

 

14 (50) 

14 (50) 

 

10 (71.5) 

4 (28.5) 

BCLC staging at diagnosis of HCC, n (%) 

 0-A 

 B 

 C-D 

 

12 (28.5) 

24 (57) 

6 (14.5) 

 

6 (21.5) 

16 (57) 

6 (21.5) 

 

6 (43) 

8 (57) 

0 

Treatment, n (%) 

 TACE/RFA 

 Sorafenib 

 

33 (78.5) 

9 (21.5) 

 

21 (75) 

7 (25) 

 

12 (85.5) 

2 (14.5) 

Median Survival after HCC occurrence, months (range) 12 (2-96) 6 (2-60) 60 (6-96) 

Median Survival according to treatment, months (range) 

 Sorafenib 

 TACE/RFA 

 

5 (3-12) 

12 (2-96) 

 

3.5 (3-12) 

11 (2-60) 

 

6 (6-6) 

66 (12-96) 

HCC: Hepatocellular Carcinoma, HCV: Hepatitis C Virus, SVR: Sustained Virological Response, C/P: Child/Pugh, LIC: Liver iron overload, 

BCLC: Barcelona Clinic Liver Cancer, TACE: transarterial chemoembolization, RFA: radiofrequency ablation.
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patient, in terms of months, was defined as the interval 

between the dates of HCC diagnosis and the date of 

death or the end of the study. Cumulative survival rates 

were estimated using the Kaplan-Meier method, while 

cox proportional hazards model was also used to 

identify risk factors relating to survival.  

 

Results. In total, 42 patients were included. Their mean 

age was 45.5±5.8 years, whereas 27 of them (64.5%) 

were males. At the time of HCC diagnosis, most of the 

patients (78.5%) were diagnosed with compensated 

cirrhosis (Child-Pugh A).  

Out of 42 patients, 33 (78.5%) were anti-HCV 

positive. Most of them 25/42 (59.5%) were HCV-RNA 

positive within the last 10 years. The rest of the anti-

HCV positive patients (8/42) were always HCV-RNA 

negative indicative of spontaneous viral clearance after 

exposure to the virus. All viraemic patients have been 

treated either with Pegylated - interferon alpha (Peg-

IFN) ± ribavirin (RBV) [8/25, (32%)] or with the new 

interferon-free, direct acting antivirals (DAAs) 

regimens [17/25, (68%)]. All patients had achieved 

sustained virological response (SVR) at least 12 

months before HCC diagnosis. 

Regarding HBV infection, none of our patients was 

HBsAg positive. Thus, no one had received anti-viral 

treatment. However, 7 patients (16.5%) had serological 

evidence of resolved HBV infection [HBsAg(-)/anti-

HBc(+)/anti-HBs(+)] without prior anti-HBV treatment. 

All of these patients had a history of acute HBV 

infection, and finally, they have achieved HBsAg 

clearance.  

The mean LIC values were 48.6±29.5 μmolFe/g. 

More than half of our patients (55%) had average LIC 

values, 18 patients (43%) were classified as having 

mild hemosiderosis and only one patient (2%) has been 

classified as having moderate hemosiderosis. 

αFP levels have been assessed in all patients and 

were ≤100 ng/ml in 26 of them (62%).  

The tumor has been diagnosed as multifocal (≥3) in 

25 patients (59.5%), while those with maximum 

diameter ≥5cm have been diagnosed in 18 patients 

(43%). According to the BCLC grading system, 

patients were classified as 0-A: 12/42 (28.5%), B: 

24/42 (57%) and as C-D: 6 patients (14.5%).  

HCC has been treated with TACE or RFA in 33 

patients (78.5%) while the rest 9 patients were treated 

with sorafenib. Two patients with very early stage and 

no other contraindication underwent surgical excision 

but eventually, they have been treated with loco-

regional therapies due to HCC relapse in the first six 

months. These two patients have been included in 

TACE/RFA group.  

Overall, 28 patients (66.5) have eventually died due 

to HCC, with a median survival time of 6 months (2-

60), while a median survival time of 60 months (6-96) 

has been observed in still living patients at the end of 

the study (Table 1). 

The overall Kaplan-Meier survival curve of the 

patients is shown in figure 1. In order to reveal 

possible risk factors relating to survival, we used the 

cox proportional hazard model adjusted for age (Table 

2). BCLC stages C and D were associated with poor 

survival (HR: 5.4179, 95% CI: 1.4936-19.6531, 

p=0.0102) (Figure 2). 
 

Figure 1. Overall Kaplan-Meier survival curve. 

 

Figure 2. Kaplan-Meier survival curve according BCLC staging. 

 

Discussion. In patients with TDT, the development of 

HCC represents evolving morbidity and mortality in 

the last years. The main risk factors for HCC are 

chronic iron accumulation, chronic HCV or HBV 

infection and cirrhosis. It is well established that 

patients with hereditary hemochromatosis have an 

increased risk of HCC irrespective of the presence of 

cirrhosis.
14,15

 Patients with TDT are exposed, at a very 

young age, to iron through transfusions, and most 

studies, including ours, denote that HCC develops 

below 50 years of age.
20,21

 Free iron induced oxidative 

stress and increased levels of ROS lead to 

mitochondrial injury, DNA damage and consequently, 

to hepatocarcinogenesis.
22

 In agreement with these 

reports, our patients had a mean age of 45.5±5.8 years 

old. However, all of them were under iron chelation
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Table 2. Prognostic factors affecting survival using the Cox proportional hazard model. 

 p value HR 95% CI 

Age, years 0.5567 1.0233 0.9477-1.1050 

Gender 

 Female 

 

 0.3088 

 

 1.7627 

 

 0.5917-5.2513 

Anti-HCV 

 Negative 

 

 0.0960 

 

 2.3158 

 

 0.8615-6.2246 

Cirrhosis 

 No 

 

 0.0851 

 

 0.2708 

 

 0.0612-1.1.1981 

Grade of siderosis 

 mild/moderate 

 

 0.9444 

 

 1.0331 

 

 0.4139-2.5783 

αFP levels 

 >100 ng/ml 

 

 0.5519 

 

 0.7812 

 

 0.1659-1.9732 

BCLC staging 

 C-D 

 

 0.0102 

 

 5.4179 

 

 1.4936-19.6531 

Number of lesions 

 <3 

 

 0.6088 

 

 1.3119 

 

 0.4639-3.7099 

Maximum diameter 

 ≥5 cm 

 

 0.2943 

 

 2.0947 

 

 0.5259-8.3432 

HCV: Hepatitis C Virus, BCLC: Barcelona Clinic Liver Cancer. 

 

treatment, had serum ferritin levels less than 1,000 

ng/ml and the vast majority did not have (55%) or had 

only mild hemosiderosis (43%) at the time of HCC 

diagnosis. However, the amount and duration of 

exposure to excess iron are crucial to the development 

of liver injury. Moreover, the association between the 

iron overload and the development of HCC has been 

confirmed in studies in rats fed a high-iron diet. After 

15 months, the iron-loaded liver developed HCC in the 

absence of cirrhosis.
23

 Furthermore, while TDT 

outcomes have been improving in recent years, 

particularly those related to heart disease due to iron 

chelation treatments, HCC has emerged as a new 

complication of liver disease.
3,24

 

Both chronic viral hepatitis B and C and related 

cirrhosis remain important risk factors for the 

development of HCC.
21

 In our study 7 patients had 

serological markers of past HBV infection [HBsAg 

(-)/anti-HBc(+)/anti-HBs(+)] but all of them were 

cirrhotics. Theoretically, the hepatocarcinogenicity of 

HBV remains in patients with resolved HBV infection 

(spontaneous seroconversion of HBsAg) mainly 

through HBV-DNA integration into the host genome. 

However, the risk of HCC is significantly lower in 

HBsAg negative than in HBsAg positive patients and 

the presence of liver cirrhosis is the dominant risk 

factor for hepatocarcinogenesis.
25

 With respect to 

chronic HCV infection, most of our patients were anti-

HCV positive (78.5%) of whom 76% had chronic HCV 

infection. All of them have eventually been treated and 

finally achieved SVR at least 12 months before HCC 

diagnosis. However, most of them were cirrhotics 

(79%) at that time. It is well known that cirrhosis is the 

main risk factor for HCC in CHC and all patients with 

cirrhosis should be closely monitored and followed 

even after successful antiviral therapy.
26

 

Data concerning possible factors associated with the 

survival rate among patients with TDT who develop 

HCC remain unclear. It is well established that the 

development of HCC is the main factor affecting the 

survival of patients with chronic liver disease.
27,28

 The 

prognostic factors for survival in patients with HCC are 

related to tumor status (number and size of nodules, 

presence of vascular invasion, extrahepatic spread), 

liver function and general tumor-related health status.
18

 

Previous population-based data from Italy suggested 

that in patients with TDT and HCC, the average 

survival was 3.5 months in 2004 and rose to 11.5 

months in 2014.
3,24

 In our cohort, the analysis, after 

adjusting for age, has indicated that advanced BCLC 

stages were associated with poor survival. To our 

knowledge, this is the first real-life study evaluating 

prognostic factors affecting the survival of TDT 

patients with HCC. 

The decision of the HCC treatment method was 

mainly based on the BCLC algorithm. However, we 

have to keep in mind that TDT has been considered as 

a relative contraindication for liver transplantation and 

this therapeutic approach was not available in our 

patients with early stage HCC. Moreover, major 

operations like surgical HCC resections are limited due 

to the problematic peri-operative management of these 

patients.
29

 Only two of our patients underwent 

resection of the tumor as initial treatment but both were 

relapsed within the next six months and were 

subsequently treated with loco-regional therapies. 

According to BCLC, systemic algorithm therapy is 

indicated in the advanced stage of the disease. In 

general, these patients bear a poor prognosis, with 

expected median survival times of 6–8 months.
30

 A 

large double-blinded placebo-controlled phase III study 

showed that the median overall survival of patients in 

the sorafenib group was 10.7 months compared to 7.9 

months in the placebo group (HR, 0.69; 95% CI 0.55–
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0.87; p = 0.00058), representing a 31% decrease in the 

relative risk of death.
31 

In our study, these patients 

achieved a median survival period of 5 months (3-12). 

Patients with early stage HCC treated with RFA have 

an overall median survival of about 36 months which 

may extend to >5 years after successful treatment.
30

 

Patients with intermediate stage HCC by BCLC treated 

with TACE have an overall survival of about 16 

months which may extend to >40 months in well 

selected patients.
32,33

 Our patients who have been 

treated with TACE/RFA achieved an overall survival 

of 12 months (2-96) which is much lower than 

expected. A possible explanation is that mortality in 

these patients may be influenced by several other 

complications and also that the biological activity of 

HCC in these patients is more aggressive, as can be 

hypothesized by the very high αFP levels. 

The absence of a comparable group of patients with 

TDT without HCC, which would further provide 

robustness on the estimation of surveillance of HCC, is 

the main limitation of our study. We did demonstrate, 

however, the characteristics and risk factors of HCC 

and the main prognostic factors of survival in this 

specific group of patients. 

 

Conclusions. In conclusion, in patients with TDT, the 

development of HCC represents evolving morbidity 

and mortality in the last years. The main etiological 

factors for HCC are chronic iron accumulation in the 

liver, chronic HCV infection and cirrhosis. This 

population with HCC has discrete characteristics 

compared to the general population, such as young age 

at presentation of HCC and various comorbidities that 

limit the therapeutic options particularly transplantation 

and surgery. Since the HCC stage seems to be the 

major prognostic factor of survival, a personalized 

approach of surveillance is mandatory taking into 

consideration individual patient’s comorbidities. Once 

a surveillance test is positive, a more definitive 

imaging examination is recommended for noninvasive 

diagnosis and staging of HCC.  
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