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HEMOGLOBINOPATHIES AND CANCER

dependent B-thalassemia, 55.6%; non-transfusion-dependent thalassemia, 17.7%;
sickle cell disease, 17.6%; hemoglobin H disease, 8.3%).

Results: A total of 197 diagnoses of cancer were reported (incidence rate, 442 cases
per 100,000 person-years). The liver was the most frequent site of tumors in both
sexes, with a higher incidence (190 cases per 100,000 person-years) in comparison
with the general population found in all types of hemoglobinopathies (except he-
moglobin H disease). In recent years, tumors have become the second cause of
death in patients with transfusion-dependent thalassemia. A lower risk of breast and
prostate cancer was observed in the whole group of patients with hemoglobinop-
athies. The first cancer diagnoses dated back to the 1980s, and the incidence rate
sharply increased after the 2000s. However, although the incidence rate of cancers
of all sites but the liver continued to show an increasing trend, the incidence of HCC
showed stability.

Conclusions: These findings provide novel insights into the relationship between
cancer and hemoglobinopathies and suggest that the overall risk is not increased in
these patients. HCC has been confirmed as the most frequent tumor, but advances

in chelation and the drugs that have led to the eradication of hepatitis C may explain

KEYWORDS

INTRODUCTION

In recent decades, the survival of patients with thalassemia has
dramatically improved because of more effective iron chelation
therapy and safe transfusions. However, because of the increased
lifespan, new complications, including oncologic diseases, have
emerged.? In 2009, Telfer et al.? reported that cancer was respon-
sible for 6% of deaths in Cypriot patients with thalassemia, whereas
hepatocellular carcinoma (HCC) was reported to be the second cause
of death in Greek subjects with thalassemia between 2000 and
2015.2 According to a large longitudinal study in Taiwan, the overall
incidence of cancer was 52% higher among patients with thalassemia
in comparison with controls.*

Several factors may be implicated in the increased neoplastic risk
of individuals with thalassemia. These include oxidative damage
secondary to iron accumulation, immunologic abnormalities, viral
infections, hydroxyurea use, and bone marrow stimulation from
chronic anemia.” In patients with transfusion-dependent thalassemia
(TDT), iron overload is secondary to regular transfusions, whereas in
patients with non-transfusion-dependent thalassemia, iron accumu-
lation results from increased intestinal absorption and increased
release of recycled iron from the reticuloendothelial system (due to
the suppression of hepatic hepcidin synthesis).

According to studies so far, HCC is the most frequent and im-

pactful neoplasm in patients with thalassemia, in whom a causative

the recent steadiness in the number of diagnoses that is reported here.

cancer, hemoglobinopathies, hepatocellular carcinoma, neoplasm, thalassemia

role is played by iron overload with or without transfusion-
transmitted viral infections. 6712

Hemosiderosis can be treated with long-term iron chelation
therapy, and direct antiviral agents (DAAs) capable of eliciting a
sustained virological response could reduce the risk of neoplastic
transformation in almost all hepatitis C virus (HCV) RNA-positive
patients.'* However, data on the real reduction in the incidence of
HCC in the general population are still controversial, and no data are
available for patients affected by hemoglobinopathy.

There are no published data on neoplastic risk in patients with
hemoglobin H (HbH) disease.

As for sickle cell disease (SCD), subjects with the hemoglobin S
trait have an increased risk of renal medullary carcinoma, a rare and
highly aggressive tumor associated with the chromatin remodeling
factor SMARCB1.1%

More rarely, renal medullary carcinoma has been reported to be
associated with SCD in the homozygous form.'¢'” Although there
are several case reports in the literature regarding the occurrence of
leukemias in patients with SCD on chronic hydroxyurea therapy, the
incidence of hydroxyurea-related leukemias in these patients re-
mains undetermined, as does the leukemogenic risk. 1819

This study was aimed at increasing the information available on
the relevance of cancer in hemoglobinopathies, updating the data on
HCC, and investigating whether other cancers are more frequent in

these patients than the general population. The study was also aimed
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at evaluating the differences in the prevalence and distribution of
malignant neoplasms among different types of hemoglobinopathies
and at investigating the association between the occurrence of
neoplasms and risk factors such as the type of hemoglobinopathy,
age, sex, markers of iron accumulation, and history of bone marrow
transplantation (BMT).

MATERIALS AND METHODS

This multicenter, retrospective cohort study, supported by the Italian
Society of Thalassemia and Hemoglobinopathy, reports the in-
cidences and characteristics of malignant tumors in patients with
hemoglobinopathies followed at eight reference centers of the Italian
Hemoglobinopathy Comprehensive Care Network. Each center
considered all consecutive patients in its historical series, and each
patient ended the observation period at death or at the last follow-
up. Nonmelanoma skin cancers were not considered in the inci-
dence assessments.

The study, approved by the ethics committee of the participating
centers and registered at ClinicalTrials.gov (NCT05286138), was
performed according to the Good Clinical Practice guidelines and the
Declaration of Helsinki. All patients alive at the time of the study
signed an informed consent form.

Demographic data, clinical data, laboratory data, and data for the
characterization of the neoplasia and its evolution were collected
from the web-based clinical records of the subjects who experienced
cancer. For patients without neoplasia, the data collected in addition
to demographic data were limited to their HCV infection and BMT
status. Details on the statistics are reported in the Supporting
Methods. In order to compare the incidence and mortality rates of
patients with hemoglobinopathies with those of the Italian popula-
tion, data from the Italian Association of Cancer Registries and the

Istituto Nazionale di Statistica were taken into consideration.2%2?

RESULTS

The study population included 4631 patients (48% male) followed
between 1970 and 2021 for a total of 161,468 person-years of
observation (Figure 1A). The group of patients most represented in
the study cohort was the TDT group with 2579 subjects (55.6%),
which was followed by the non-transfusion-dependent -thalassemia
(B-NTDT) group (818 subjects [17.7%]), the SCD group (815 [17.6%]),
the HbH group (384 [8.3%)]), and others (35 [0.8%]) (Table S1). Two
hundred eighty-eight patients had undergone BMT. Figure 1B re-
ports the distributions of the studied cohort by age and pathology.

Cancer cases and their characteristics

In all, 197 cancer diagnoses in 188 patients (52% male) were reported

during the period of observation; this corresponded to 4.0% of the

observed patients. The median age at diagnosis was 45.7 years
(interquantile range 37.6-54.6 years). Table 1 reports the general
characteristics of patients with hemoglobinopathies at the diagnosis of
neoplasia. The distributions of tumors by disease and gender are re-
ported in Figure 2. The liver was the most frequent site of tumor
development (80 cases; 65% male) in both sexes and for all types of
hemoglobinopathies (except HbH disease). No significant differences
were found in the age at diagnosis of HCC when we stratified by
gender (males, 46.3 years [42.1-53.7 years]; females, 51 years [46.6-
54.8]) or by type of hemoglobinopathy (TDT, 47.5 years [42.6-53.3
years]; B-NTDT, 51 years [46.4-56 years]; SCD, 50 years [42-57.3
years]). After HCC, the thyroid (8 [7.9%)]), kidneys (8 [7.9%), and lungs
(7 [6.9%) were the most frequent sites in men, and they were followed
by non-Hodgkin lymphoma (5 [4.9%)]); together, they accounted for
28% of all male cancers. For women, the most common incident can-
cers were thyroid cancer (16 [16.7%)]), breast cancer (11 [11.4%]), and
kidney cancer (8 [8.3%]), which together represented 36% of all female
cancer cases (Figure 2). When hematologic cancers were considered as
a whole, they became the second most frequent tumors in men (13
[12.9%]) and the third most frequent tumors in women, and they
showed the same incidence as renal cancer (8 [8.3%]).

The crude incidence rate of all cancers was 122 cases per
100,000 people. It was 49.5 per 100,000 people for HCC, 14.8 per
100,000 for thyroid cancer, 12.8 per 100,000 for breast tumors, 9.9
per 100,000 for kidney neoplasia, 5.6 per 100,000 for non-Hodgkin
lymphoma, and 4.9 per 100,000 for lung cancer (Table S2). The
incidence rate value for all hematologic malignancies combined was
11.7 per 100,000.

Although the distributions of tumors were similar in patients
with TDT, B-NTDT, and SCD, only one case of HCC was reported
among patients with HbH disease (Figure 2B).

As in the general population, papillary thyroid cancer was the
most common type of thyroid cancer (83% of all histologically char-
acterized thyroid tumors).

As for the 288 patients who underwent BMT, malignant tumors
occurred in seven individuals (2.4%), and in two cases, they were oral
squamous cell carcinomas typically related to chronic graft-vs-host
disease. In addition, HCC was diagnosed in two other patients;
both had severe liver iron overloads, and one had a history of HCV.

Incidence rates (with comparisons to the general
population)

The first cancer diagnoses dated back to the 1980s, and the incidence
rate sharply increased after the 2000s (Figure 3A,B). However,
although the incidence rate of cancers of all sites but the liver has
continued to show an increasing trend in the last decade, the inci-
dence of HCC has shown stability.

The overall age-adjusted incidence rate of cancer in patients with
hemoglobinopathies was estimated to be 442 cases per 100,000
person-years (95% Cl, 340-700 cases per 100,000 person-years),

which was not statistically different from that of the general Italian
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FIGURE 1 Study population. (A) Flow chart of patients with hemoglobinopathies who developed and did not develop neoplasia. Eight
patients developed multiple neoplasia. (B) Distribution of the study population by age and pathology. BMT indicates bone marrow
transplantation; HbC, hemoglobin C; HbE, hemoglobin E; HbH, hemoglobin H; NTDT, non-transfusion-dependent B-thalassemia; pts, patients;

SCD, sickle cell disease; TDT, transfusion-dependent B-thalassemia.

population (632 cases per 100,000 person-years) both when hemo-
globinopathies were considered altogether and when each subgroup
of patients was considered.

However, the age-adjusted incidence rate of HCC was almost 9
times lower in the general population (22 cases per 100,000 person-
years) versus patients with hemoglobinopathies (190 cases per
100,000 person-years; 95% Cl, 123-269 cases per 100,000 person-
years; p < .001). Patients with TDT had the highest HCC incidence
rate and therefore showed the greatest difference from the general
population (445 cases per 100,000 person-years; 95% Cl, 132-826

cases per 100,000 person-years; p < .001); they were followed by
patients with B-NTDT (102 cases per 100,000 person-years; 95% Cl,
39-198 cases per 100,000 person-years; p < .001). The comparison
of the age-adjusted incidence rates of HCC in patients with SCD (32
cases per 100,000 person-years; 95% CIl, -33.5 to 748.5 cases per
100,000 person-years) and the general population did not reach
statistical significance. No other malignancies had a higher incidence
in patients with hemoglobinopathies in comparison with the general
population. On the contrary, breast cancer in women and prostate
cancer in men were significantly less frequent in subjects with
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TABLE 1 Patients with hemoglobinopathies who developed tumors during their lifetime: General characteristics and iron overload-
related comorbidities

All with HCC excluded

HCC (n = 78) (n = 110) All (n = 188)
Patient characteristics®
No. of patients (% of males)® 78 (65) 110 (42.7) 188 (52.1)
No. of tumors (% of males) 80 (65) 117 (41.9) 197 (51.3)

Age at diagnosis, years
Deaths, No. (%)
Neoplasia-related deaths, No. (%)
Multiple tumor foci, No.
Metastasis, No.

Histological confirmation, No.
Cirrhosis, No. (%)

Steatosis, No. (%)
Anti-HCV-positive, No. (%)
HCV RNA-positive, No. (%)
Anti-HBV, No. (%)

HBV DNA-positive, No. (%)
Hydroxyurea, No. (%)
Obesity, No. (%)

Smoke, No. (%)

Alcohol, No. (%)

Ferritin at diagnosis, median and interquartile range, ng/ml

Ferritin peak before diagnosis, ng/ml
LIC at diagnosis, mg/g dw

LIC peak before diagnosis, mg/g dw
Heart MRI (T2*), ms

Pancreas MRI (T2*), ms

a-Fetoprotein, median and interquartile range, pg/L

ALT, median and interquartile range, U/L

Iron overload-related comorbidities, No. (%)

N=0

N=1

N=2

N=3

N=4

N=5

N>1

Hypogonadism

Hypothyroidism

Hypoparathyroidism

48.4 (42.9-54.6)
54 (67.5)

50 (62.5)

22

5

41

63/75 (84)
12/56 (21.4)
64/78 (82.1)
30/68 (44.1)
14/67 (20.9)
1/25 (4)

10/71 (14.1)
5/67 (7.5)
21/51 (41.2)
17/56 (30)

786 (408-1904)
2704 (1802-4858)
5.2 (2.9-9.5)
10.5 (5.5-18.1)
36 (27.7-41)
9.7 (7.8-12.6)
3.18 (1.83-53.5)
[range, 1.06-4314]
54 (25-83)
[range, 10-215]

13 (17)
17 (21.8)
19 (24.4)
17 (21.8)
9 (11.5)
3(3.8)
65 (83)
48 (64)
33 (44.6)
12 (17.1)

42.2 (34.6-54.4)
51 (43.6)

40 (34.2)

16

30

90

43/109 (39.4)
16/98 (16.3)
14/109 (12.8)
0/22 (0)

22/110 (20)
8/110 (7.3)
27/79 (34.2)
32/140 (22.8)
586 (293-1325)
1467 (665-3046)
3.8 (2.1-10.2)

9 (4.5-16.9)
33.3(25.5-39.4)
16.7 (8.7-39.5)

59 (52.7)
31 (27.7)
16 (14.3)
5 (4.5)
1(0.9)
53 (47.3)
27 (24.8)
18 (16.1)
3(27)

45.7 (37.7-54.6)
105 (5.3)

90 (45.7)

38

35

131

107/187 (57.2)
46/166 (27.7)
28/176 (15.9)
1/47 (2.1)
32/181 (17.7)
13/177 (7.3)
48/130 (36.9)
49/196 (25)
648 (349-1656)
2096 (1094-4143)
4.5 (2.3-10.2)
10.1 (5-17.8)
34.2 (27-40.5)
11.6 (8.2-17.7)

72 (38)
48 (25.3)
35 (18.4)
22 (11.5)
9 (4.7)
4(2.1)
118 (62)
75 (40.1)
51 (27.4)
15 (8.2)

(Continues)
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[ | HEMOGLOBINOPATHIES AND CANCER
TABLE 1 (Continued)
All with HCC excluded
HCC (n = 78) (n = 110) All (n = 188)
Diabetes 19 (27.1) 9 (8) 28 (15.3)
Hypoadrenalism 2(3.1) 1(0.9) 1.7%
Cardiopathy 43 (57.3) 25 (22.5) 15%

Abbreviations: ALT, alanine aminotransferase; HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; LIC, liver iron

concentration; MRI, magnetic resonance imaging; No., Number.

?Percentages have been calculated with respect to the total number of compiled fields.

bThe first tumor diagnosis has been considered for patients with multiple tumors.

(A)

Liver-

Thyroid -

Kidney -

Breast-

Non-Hodgkin’s lymphomas -
Lung-

Upper digestive and airway -
Pancreas -

Leukaemia -

Uterus (cervical)-

Uterus (body)-

Unknown -

Myelodysplasia -
Colon-rectal -

Bladder -

Ovary -

Myeloma -

Hodgkin’s lymphomas -
Stomach -

CNS-

Prostate -

Neuroendocrine system -
Muscle -

Cholecyst and Biliary Tract -
Bone-

Blood vessels of the liver -
Adrenal/cortex -
Adrenal/Aortic Arch (chromaffin cells) -

uu“\

Site of neoplasm

© -EEEEE-Te e e e e T B I m_uu-ﬂ]-l]‘]_l]’l[”

20 40

Number of patients

m

=

] PATHOLOGY

: E HbH
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FIGURE 2 Tumors in patients with hemoglobinopathies: (A) distribution of tumors by gender and (B) distribution of tumors by type of
hemoglobinopathy. CNS, Central Nervous System; HbH indicates hemoglobin H; NTDT, non-transfusion-dependent B-thalassemia; SCD, sickle

cell disease; TDT, transfusion-dependent B-thalassemia.

hemoglobinopathies than the general population; 11 and 1 cases
were observed for breast and prostate cancer, respectively, whereas
37 and 6 cases were expected in light of the age-specific incidence

rate of the Italian population.

Risk factors for any type of neoplasia and HCC

The probability of developing any type of neoplasm or HCC was
significantly higher (p < .001) in subjects with TDT, as shown in
Figure 3C,D. In addition, male gender, anti-HCV antibody positivity,
and HCV RNA detection emerged as significant risk factors for HCC
from a univariate analysis. All of them, excluding anti-HCV posi-
tivity, were confirmed to be significant by a multivariate analysis
(Table S3).

Other detailed specifications of the patients who developed HCC
are reported in Table S4. Fourteen (17.9%; 10 with TDT, 3 with
B-NTDT, and 1 with SCD) were negative for anti-HCV. In all those
with known data, there was a history of elevated liver iron concen-
trations (LICs) and/or serum ferritin. Their median age at diagnosis
was 55.1 years (interquartile range [IQR], 54.1-58.1 years), and only
one patient was under 45 years. They were older than those who
developed HCC and were positive for anti-HCV and negative for
HCV RNA (median age, 47.3 years; IQR, 52.7-68 years; p = .021) or
positive for HCV RNA (median age, 45.3 years; IQR, 50.9-78.8 years;
p =.011). Nineteen patients who were negative for HCV RNA at the
time when the neoplasm was diagnosed (13 of 18 with cirrhosis;
information was not available for one patient) had been previously
treated with antivirals and achieved a sustained virological response.

In 11 of these patients, viral clearance had been acquired with DAAs
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FIGURE 3 (A, B) Tumors by time period in patients with hemoglobinopathies. New cases of cancer (with HCC excluded) and HCC from

1984 to 2021 are reported as (A) counts and (B) incidences. Non-age-standardized incidence rates are reported in the bar plots. (C,D)
Probability of cancer survival. Kaplan-Maier curves are used to report the probability of cancer survival by (C) pathology and (D) gender. HbH
indicates hemoglobin H; HCC, hepatocellular carcinoma; NTDT, non-transfusion-dependent B-thalassemia; SCD, sickle cell disease; TDT,

transfusion-dependent B-thalassemia.

(Table 2). However, antiviral therapy with particular reference to
DAAs (p < .001) was demonstrated to be protective against HCC

occurrence (Figure S1).

Mortality data

Mortality due to malignancy in subjects with hemoglobinopathies
was also similar to that in the general population except for HCC
(Table S2). The crude mortality rate of all cancers was 55.4 per
100,000 people. The median survival time after HCC was 4 years
(95% Cl, 2.4-5.8 years), and the 5-year survival rate was 39.5% (95%
Cl, 29.2%-53.5%). Figure 4A shows the Kaplan-Meier survival curves
of our cohort and those cohorts reported in 2004 and 2014.

Table 1 reports the collected causes of death, whereas
Figure 4B and Figure S2 report the distributions of causes of death
over time by 5-year periods. There was a progressive reduction in
the percentage of deaths due to heart failure, whereas, after the
2000s, deaths due to neoplasia increased and became comparable

to those due to hearth failure.

DISCUSSION

The first important finding of our work is that there is no evidence to
date that thalassemia or other forms of hemoglobinopathy are
associated with increased overall cancer risk or mortality in the age

groups considered. Indeed, some types of cancer mainly represented
in the general population seem to be statistically less frequent in
subjects with hemoglobinopathies, as already reported by Brunson
et al.? for SCD.

Why this is the case remains unknown. Among these is breast
cancer, whose correlation with TDT is still controversial in the
literature because some studies argue that iron accumulation and
related oxidative stress as well as hormone replacement therapy may
be determinants of increased risk.2®

Even thyroid cancer has, in our study, the same incidence in
patients with hemoglobinopathies and in the general population, and
the prevalence of the papillary variant is not different from what
occurs in subjects without hemoglobinopathies. This finding contrasts
with an Italian study reporting an 8% rate of nodules (31% malignant)
in a cohort of 195 patients with TDT, whereas in the general popu-
lation, thyroid nodules are present in 4%-7% of individuals, with only
5% being malignant.2*

Likewise, leukemia and Hodgkin and non-Hodgkin lymphomas
do not appear to be more frequent among patients with hemoglo-
binopathies in comparison with the general population. This stands in
contrast to what emerged in a large Asian study, which estimated a
5.32-fold higher risk in hemoglobinopathies than in the general
population with the highest probability of hematologic tumors in
transfusion-dependent patients,* and in several reports on patients
with SCD.2225727 |n this respect, a 72% increased risk of hematologic
malignancies in patients with SCD in comparison with the general

|22

population was reported by Brunson et a Chronic inflammation
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TABLE 2 Characteristics of HCV RNA-negative patients previously treated with antivirals who achieved a sustained virological response

and developed HCC

Age at HCC, HCC after Last ferritin (peak) Last LIC (peak)
Patient  Gender Diagnosis  years Cirrhosis  Therapy type  therapy, years  (ng/ml) before HCC (mg/g dw) before HCC
1 Female TDT 50 Yes DAA 4 653 (773) 4.1 (5)
2 Male TDT 46 Yes DAA 4 290 (9100) 5.5(23.3)
3 Male TDT 40 Yes DAA 1 81 (2250) 1.2 (5.5)
4 Male SCD 43 Yes DAA 2 727 (2710) 11.89 (11.89)
5 Female  TDT 55 No DAA 5 351 (3998) 2.4 (6.6)
6 Female TDT 47 No IFN + RIBA 3 241 (1850) 2 (3.89)
7 Male TDT 53 Yes DAA 5 543 (NA) 3.88 (-)
8 Female TDT 51 Yes IFN + RIBA 4 929 (1632) 9.5 (-)
9 Male DT 39 - IFN 6 - (=) - (=)
10 Male TDT 39 Yes DAA 1 395 (3890) 2.9
11 Female SCD 57 Yes DAA 4 272 () — (=)
12 Male SCD 32 No NA >3 5686 (7147) 10.4 (20.5)
13 Male TDT 52 Yes DAA 2 854 (2098) 5.53 (5.53)
14 Male TDT 44 Yes IFN + RIBA 3 483 (2384) 7.44 (18.22)
15 Male TDT 46 Yes IFN 18 788 (4851) 6.96 (6.96)
16 Male TDT 46 Yes IFN + RIBA 3 357 (9200) 5.28 (21.4)
17 Male TDT 43 No DAA 1 204 (-) 1.4 (10.37)
18 Female TDT 37 Yes DAA 2 225 (5000) 2.04 (13.2)
19 Female  TDT 51 No IFN + RIBA 8 643 (1631) 2.73 (13.86)

Abbreviations: DAA, direct antiviral agent; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IFN, interferon; LIC, liver iron concentration; NA, not
available; RIBA, ribavirin; SCD, sickle cell disease; TDT, transfusion-dependent B-thalassemia.
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and hydroxyurea have been considered as possible eventual causa-
tive factors, although there are no definitive findings so far.2%3!
the

replacement gene therapy trial in SCD reported two cases of adult

Moreover, largest lentiviral vector-mediated B-globin

patients diagnosed with myeloid neoplasms, both considered

unrelated to the gene therapy procedure,®? as previously reported for
patients with SCD undergoing BMT 2334

However, when we consider all hemoglobinopathies, BMT does
not seem to be a major risk factor for cancer in our study, whereas the
types of tumors detected in this group of patients indicate that the
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well-known risk of graft-vs-host disease-related cancers adds to that
of a history of HCV and hepatic iron accumulation before BMT.%®

Only three cases of renal carcinoma have been described in
the literature so far, with the prevalence of the disease among
subjects with thalassemia being superimposable to that of the
general population, but the age at diagnosis has been significantly
younger.2® Underlying risk factors that have been called into
consideration are iron overload, reactive oxygen species, and he-
mosiderin deposits in renal tubules. However, our results are the
opposite of these results, as we report that subjects with hemo-
globinopathies, compared with a general population of the same
age and geographical origin, have the same risk of developing renal
carcinoma.

Moreover, our work is in line with other works published on this
topic, insofar as it indicates that, for the age group considered, HCC
is clearly the most frequent type of tumor in patients with TDT and
B-NTDT, although it does not represent 90% of tumor manifestations
as reported, for example, by De Sanctis et al.®” but the lower per-
centage of 41% (65% in males and 28% in females). In addition, our
analysis confirms that patients with SCD also have an increased risk
of developing HCC, which is the most common neoplasia in this group
of patients. HCC is instead rare in subjects with HbH disease,
probably because of the lower probability of developing chronic
hepatitis secondary to transfusions and lesser hepatic iron overload
due to the lower duodenal iron absorption in comparison with -
NTDT.%®

Both univariate and multivariate analyses have confirmed that
significant risk factors for HCC include a diagnosis of TDT, male
gender, and HCV RNA positivity. The increased risk in males
compared with females (hazard ratio, 2.8; 95% ClI, 1.6-4.7) is not
different from that in the normal population.®?

Notably, our analysis confirms that HCC is still possible in pa-
tients who have achieved a sustained virological response both with
DAAs and with interferon plus ribavirin, and this may occur more
frequently in patients with cirrhosis, as observed in the general
population.*>*! However, the Kaplan-Meier survival analysis clearly
demonstrates that a sustained virological response protects against
HCC, and the protection is greater if viral clearance is achieved with
DAAs, as already shown by Ricchi et al.**

An analysis of patient survival after HCC indicates that it has
progressively increased in comparison with the previous studies by

Borgna-Pignatti et al.,*®

and it is approximately 39% 5 years after the
diagnosis. This finding might not be solely related to advances in
therapies because 5-year survival in the general Italian population is
still approximately 20% (or approximately 30% according to Bannon
et al.*?).

Actually, two main factors have led to earlier diagnoses of HCC
with a greater chance for a cure: the increased awareness of the risk
of HCC and the dissemination of guidelines indicating the need for
liver ultrasound twice a year in adult patients with cirrhosis, HCV
and/or hepatitis B virus infections, and an LIC > 5 mg/g dw (B-NTDT)
or an LIC >7 mg/g dw with or without serum ferritin values

> 1000 ng/ml (TDT).*®

In this respect, our study confirms once again that even patients
without a history of HCV can develop HCC, and it shows that the age
at diagnosis tends to be higher in comparison with patients with a
history of HCV. Thus, the analysis of our data supports an extension
of the existing indications for biannual ultrasound in patients aged
45 years or older with B-thalassemia and a history of (or current)
significant hepatic iron accumulation even without a history of
chronic HCV.

In addition, the analysis of the incidence of HCC over time shows
an increasing trend until 2012, which is followed by a steady number
of new diagnoses despite the increasing age of the patients. Advances
in chelation with renewed attention to hepatic iron overload and the
new drugs that have led to the eradication of HCV even in these
patients may explain the relative steadiness of the number of di-
agnoses of HCC that we have reported in this study. The increase in
the incidence of the other cancers over time and the finding that they
have become the second most common cause of death in recent
years mirror at least in part what has been observed in the general
population, where a clear correlation between age and the risk of
developing neoplasia has been found. Notably, our data suggest that
iron may not play a substantial role in the genesis of tumors other
than HCC: Currently, all cancers except HCC are not more frequent
in patients with hemoglobinopathies than the general population, and
they occur in patients showing a significantly lower serum ferritin life
peak and limited complications from iron accumulation in comparison
with patients with HCC. These observations support the possibility
that the risk of developing cancer will not increase in patients with
hemoglobinopathies in comparison with the general population as

they grow older.
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