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tjent::i;sr']ty of Beirut Medical Center, Beirut, Thalassemia management has undergone significant development with the advance-
ment in iron chelation therapy, which has led to a prolonged life expectancy. This has
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been accompanied by the emergence of several new morbidities and chronic diseases,
including cancer. Over the years, multiple cases of solid and hematologic malignancies
in thalassemia patients have been reported in the literature, with no clear mechanism
for the development of cancer in these patients despite a number of potential mech-
anisms. However, the results of many studies have been contradictory regarding the
risk of development of malignancies in thalassemia. The present review aims to dis-
cuss the available data on cancer and thalassemia in the literature, with the latest
updates regarding possible malignancy development mechanisms, risks, and the most
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INTRODUCTION

Thalassemia is an inherited group of blood disorders characterized by
an imbalance of the production of hemoglobin a/g-globin chains, which
leads to ineffective erythrocytosis, chronic hemolytic anemia, and iron
overload. They are labeled as alpha or beta thalassemia depending
on the deficient chain and are currently classified as transfusion-
dependent (TDT) and non-transfusion-dependent (NTDT) based on the
severity of the clinical symptoms, including the need for regular blood
transfusions.! During the last few decades, the field of thalassemia
treatment has developed tremendously, mainly in providing effective
iron chelation and safe blood transfusions. Clinically, this is reflected
in an increase in life expectancy of thalassemia patients, with aver-
age years similar to those of the general population.? With prolonged
survival, the emergence of new comorbidities in adult thalassemia
patients has been noticed, with the presence of chronic diseases and
the challenges of their management due to limited experience in deal-
ing with the older thalassemia population. The new comorbidities
include chronic renal dysfunction, liver disease, endocrine disorders,
and malignancies.®

commonly reported types.

malignancies, non-transfusion-dependent thalassemia, thalassemia, transfusion-dependent tha-

Data about cancer development in thalassemia are still very lim-
ited, with few nationwide retrospective studies from registries and
case series or case reports.* Most of the conducted studies have
shown that thalassemia patients, mainly TDT and beta thalassemia
major (8-TM), are at higher risk of developing malignancies compared
to the general population. A Taiwanese study in 2015 showed that
thalassemia patients carried a 1.47-fold overall risk of malignancy
compared to general population, with TDT being at 9.31-fold and
9.12-fold risk of developing hematological and solid tumors, respec-
tively, in contrast to NTDT.® In addition, in an Italian cohort of 720
B-TM patients, cancer was found to be the fifth leading cause of
death at a prevalence of 3.6%.° A wide spectrum of different types
of cancer has been described in thalassemia, ranging from hema-
tological malignancies to hepatocellular carcinoma (HCC), thyroid
carcinoma, breast cancer, renal cell carcinoma (RCC), and prostate
cancer.’

The present review aims to discuss the available data on cancer and
thalassemiain the literature, with the latest updates regarding possible
malignancy development mechanisms, risks, and the most commonly
reported types of malignancies.
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POTENTIAL MECHANISMS OF MALIGNANCY IN
THALASSEMIA

Despite the fact that the precise mechanism of cancer development
in thalassemia patients is still not well established, several mecha-
nisms, mainly related to transfusions, are suspected to be involved
in this process.” Transmission of oncogenic viruses via blood trans-
fusions was suspected to be responsible for many known associated
cancers, where the hepatitis C virus (HCV) is usually linked to HCC,
and cytomegalovirus and Epstein—Barr virus are both associated with
a higher risk of lymphoma.? Another transfusion-related mechanism
is iron overload, which is found to increase the risk of malignancy
in both TDT and NTDT through increased cellular levels of reactive
oxygen species (ROS) that consequently lead to genetic mutations.”
Recently, iron overload was shown to be correlated with a predispo-
sition for HCC development in hereditary hemochromatosis, which
made the correlation between iron overload and HCC more evident.?
In addition, iron chelation therapy, specifically deferoxamine, is cur-
rently being investigated for its role in promoting malignancy through

ROS production and enhancing metastasis seen in in vitro studies. %11

HEMATOLOGIC MALIGNANCIES

The pathophysiology of hematologic malignancies in thalassemia is
still unclear, especially since lymphomas and leukemias usually present
with clinical symptoms that can overlap with symptoms seen in tha-
lassemia, such as anemia, splenomegaly, and generalized fatigue.!?
Cases of hematologic malignancies have been observed in thalassemia
patients since the late 1970s when thalassemia patients were first
diagnosed with lymphoma.’® 8-TM and beta thalassemia intermedia
were found to have the highest risk of developing Hodgkin’s (HL) and
non-Hodgkin’s (NHL) lymphomas.* In addition, two large studies con-
ducted in Taiwan and in Iran have highlighted the occurrence of lym-
phomas and leukemias in both TDT and NTDT, with an incidence higher
than that of hematologic cancers in the general population.® Over
the years, more than 40 cases of different hematologic malignancies
have been described in the literature from data of national registries,
case series, and case reports.” The cases included a wide spectrum of
hematologic cancers, including HL and NHL, acute lymphoid leukemia,
acute promyelocytic leukemia, multiple myeloma (MM), and mono-
clonal gammopathy of unknown significance.®13-17 Moreover, reports
of myeloproliferative neoplasms in thalassemia are present in the liter-
ature with cases of chronic myeloid leukemia. A few cases of the rare
coincidence of thalassemia and polycythemia vera (PV) have also been
reported.'81? The use of the JAK inhibitor ruxolitinib was found to be
effective and safe for the management of thalassemia patients with
PV.1?

A large Asian nationwide study in 2015 showed that patients with
hemoglobinopathies have a 5.32-fold higher risk of developing hemato-
logic cancers.® However, a huge recent study that assessed the risk of
malignancy in 4631 patients with hemoglobinopathies in eight Italian

specialized centers showed contradictory results. The patients were

followed up between 1970 and 2021, with the study population involv-
ing patients with TDT, NTDT, sickle cell disease, and hemoglobin H
disease. Nineteen cases were reported, including leukemia, HL, NHL,
MM, and myelodysplastic syndrome. For all hematologic malignan-
cies combined, the incidence rate value was 11.7 per 100,000, and
was estimated as the second most frequent tumors in men and the
third most frequent tumors in women. The study concluded that
there is no difference in the risk of developing hematologic malig-
nancies between patients with hemoglobinopathies and the general
population.Z°

SOLID MALIGNANCIES

HCC is considered the most common type of malignancy to occur
in thalassemia patients. Two established risk factors for the devel-
opment of HCC in the thalassemia population are iron overload and
viral hepatitis, even before reaching the level of cirrhosis.2! Previously,
there was not sufficient attention paid to the relationship between
thalassemia and HCC development until Mancuso described the inci-
dence of HCC in patients with thalassemia major and thalassemia
intermedia in 2010.22 The published data suggested an incidence of
HCC in these patients of around 2%; however, this incidence is likely
not accurate and might be higher in many underdeveloped countries
where reporting and screening is poor.2® The incidence of HCC in
TDT is higher due to iron overload from regular transfusions, whereas
iron overload in NTDT is caused by increased intestinal iron absorp-
tion and the release of recycled iron from the reticuloendothelial
system caused by hepcidin suppression.2* Iron is suspected to trig-
ger cancer through ROS toxicity that damages the genetic material in
the hepatocytes, especially if combined with chronic hepatitis B or C
infection causing chronic inflammation.?> Additional factors, such as
alcohol, fatty diet, obesity, and oxidative stress, may accelerate the
risk of developing HCC in thalassemia patients.2> More than 80 cases
of HCC have been reported from the Italian registry of thalassemia
and the trend of its incidence was increasing until the introduction of
iron chelation and antiretroviral agents.2® Moreover, the recent Ital-
ian study with 50 years follow-up revealed that HCC is confirmed to
be the most frequent tumor in thalassemia patients and is the only
type of cancer carrying a higher risk of occurrence with thalassemia
after age adjustment when compared to the general population, with
72 cases with thalassemia. Furthermore, the study pointed out that
HCC was significantly higher in TDT, with a notable stability in the
number of new diagnoses since 2012, which may be explained by
the use of advanced iron chelation and antiretroviral treatments.2°
A number of HCC treatment modalities were found to be effective
and safe in thalassemia, including surgical resection, percutaneous
radiofrequency thermoablation, chemoembolization, tyrosine kinase
inhibitors, and liver transplantation.2 The option of liver transplanta-
tion in thalassemia patients is still debatable, with limited data showing
similar morbidity and mortality rates compared to general liver trans-
plant patients indicating that thalassemia should not be considered as

a contraindication for liver transplantation.?”
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TABLE 1 Reported cases of hematologic and solid malignancies in the literature.

Reference and year

Hematologic malignancies
Schilird et al. (1979)*3
Tozzi-Cecchetti et al. (1979)*°
Balestrazzi and Butturini (1985)%”
Russo and Schiliro (1987)47
Zurloet al. (1989)*
Kaloterakis et al. (2001)°*
Moschovi et al. (2001)°3
Ruiz-Argiielles et al. (2001)>*
Chehal et al. (2002)°¢
Voskaridou et al. (2002)'8
Elhajj et al. (2004)*”
Ricchi et al. (2004)>?
Jabr et al. (2006)¢°
Otrock et al. (2006)¢*
Benetatos et al. (2008)%2
Karimi et al. (2009)4
Galanello and Origa (2010)%4
Pérez-Saldivar et al. (2011)¢°
Alavi et al. (2013)%¢
Halawi et al. (2017)8
Palomo-Colli et al. (2018)%°
Pellegrino et al. (2022)1¢
Origa et al. (2022)%°

Solid malignancies
Zurlo et al. (1989)*4
Borgna-Pignatti et al. (2004)*¢
Mancuso et al. (2005)48
Modell et al. (2008)%?
Fragatou et al. (2010)°°
Restivo Pantalone et al. (2010)>2
Poggi et al. (2011)3¢
Govoni et al. (2011)>>
De Sanctis et al. (2012)37
Maakaron et al. (2013)°7
Ansari et al. (2013)°8
Borgna-Pignatti et al. (2014)%¢
Ricchi et al. (2014)%8
Picardo et al. (2015)3!
Moukhadder et al. (2018)%%
Origa et al. (2022)%°
Origa et al. (2022)%°
Origa et al. (2022)%°

Type of cancer

Lymphoma
NHL

HL

ALL
Lymphoma, leukemia
MM

HL

ALL

NHL

CML

MM

Cardiac NHL
HL

NHL

NHL, HL

HL, NHL, CML
ALL

ALL

HL,CML
MGUS

ALL

APL
Leukemia, HL, NHL, MDS, MM

HCC
HCC
HCC
Breast
HCC
HCC
Thyroid
Thyroid
Thyroid
HCC
HCC
HCC
RCC
Breast
HCC
HCC
Thyroid
RCC

Type of thalassemia

TDT

TDT

TDT

TDT

TDT
HbS/g-thal
HbS/B-thal
TDT

NTDT

TDT
HbH/a-thal
TDT

NTDT

TDT
TDT,NTDT
TDT,NTDT
TDT

TDT

NTDT
NTDT

TDT

TDT

TDT, NTDT, HbH

TDT

TDT, NTDT, HbS/g-thal

TDT

TDT

TDT

TDT,NTDT

TDT

TDT

TDT

NTDT

NTDT
TDT,NTDT

TDT

TDT

NTDT

TDT, NTDT, HbH
TDT,NTDT

TDT, NTDT, HbH

Number of patients
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72
23
16

(Continues)
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TABLE 1 (Continued)

Reference and year Type of cancer
Origa et al. (2022)%° Breast
Origa et al. (2022)%° Lung
Origa et al. (2022)%° Endometrial
Origa et al. (2022)%° Adrenal
Origa et al. (2022)%° Colon
Origa et al. (2022)%° Prostate
Origa et al. (2022)%° Bone

Type of thalassemia
TDT,NTDT, HbH 9
TDT,NTDT 6
NTDT, HbH 3
TDT 2
1
1
1

Number of patients

TDT
NTDT
NTDT

Abbreviations: AL, acute lymphoid leukemia; APL, acute promyelocytic leukemia; CML, chronic myeloid leukemia; HbH, hemoglobin H disease; HbS, sickle
hemoglobin; HCC, hepatocellular carcinoma; HL, Hodgkin’s lymphoma; MDS, myelodysplastic syndrome; MGUS, monoclonal gammopathy of undeter-
mined significance; MM, multiple myeloma; NHL, non-Hodgkin’s lymphoma; NTDT, non-transfusion-dependent thalassemia; RCC, renal cell carcinoma; TDT,

transfusion-dependent thalassemia; a-thal, a-thalassemia; g-thal, 8-thalassemia.

Other types of solid malignancies have been observed in tha-
lassemia but appear to be uncommon. RCC is very rare in thalassemia,
with only three reported cases in the literature who were treated with
nephrectomy.?8 All three patients had TDT for which iron overload
was suspected to be involved in the process. This was supported by
the discovery of hemosiderin deposits in the glomerular cells in post-
mortem studies.23° An additional 16 cases, predominantly TDT, were
observed by Origa et al. over 50 years.2> Another rare cancer that has
been seen in the thalassemia population is breast cancer, with only
two cases associated with -TM.3132 The results of the studies that
focused on the correlation between breast cancer and thalassemia
were inconclusive. Hormone replacement therapy is commonly used
for the treatment of gynecological complications in thalassemia caused
by anemia and is suspected to be involved in increasing the risk of
breast cancer.33 In addition, a Chinese and a Taiwanese study showed
no correlation between breast cancer and iron levels in serum.3*3°
Recently, nine cases were added to the Italian registry.2® A third type
of cancer that has been reported in thalassemia is thyroid carcinoma,
with around 10 cases. Five cases were reported in Italy, all of which
turned out to be papillary in nature, with four of these patients exhibit-
ing f-TM.3637 |n addition, 23 cases of thyroid carcinoma were reported
recently—19 of which had TDT. Since the majority of the patients had
TDT, a role for iron overload due to transfusions was suggested as an
explanation for the development of this malignancy.* Moreover, the
use of amiodarone to treat cardiac arrhythmias, which are common
in thalassemia, was suspected to be a possible contributor in the pro-
cess of thyroid carcinoma given its known thyroid gland side effects.32
In contrast to all the previous studies and reports, Origa et al. con-
cluded in their extensive study that there is no evidence to support
an increased overall cancer risk or mortality in thalassemia patients
in comparison with the general population despite the fact that the
incidence rate of cancer (in all organ types) in thalassemia, except for
HCC, is increasing.2® The study also presented cases of malignancies
that were not reported previously, including lung, prostate, endome-
trial, colon, adrenal, central nervous system, and bone carcinomas.?°
Table 1 summarizes the hematologic and solid malignancies reported

in the literature.

CANCER PREVENTION IN THALASSEMIA

As mentioned before, advancements in the management of tha-
lassemia, including iron chelation, have increased the life expectancy
among this population, which increases the risk of comorbidities,
including cancer, and requires a focus on screening and prevention.3?
Age-dependent screening similar to that in the general population
should be applied to older thalassemia patients, including colonoscopy
and mammography in females.” Furthermore, specific screening guide-
lines for cancer should be implemented based on the known risk
factors, such as in HCC. Liver ultrasonography should be performed
every 12 months in the absence of cirrhosis and every 6 months
in the presence of cirrhosis, given the higher risk of HCC.# Despite
several studies that showed a role for alpha-fetoprotein in screen-
ing for HCC, including a study showing higher sensitivity of detection
when combined with ultrasound, it is still not included in the screen-
ing guidelines given its low sensitivity and specificity alone.2%4° Liver
magnetic resonance imaging (MRI) to detect liver iron content can be
also used as a screening tool even though it is not yet established as
part of routine screening.*! Besides screening, iron chelation therapy
should be optimized in thalassemia patients to prevent iron overload,
which is suspected to be involved in the development of malignancies
in several organs through different mechanisms.*2 In addition, effec-
tive management of HCV with advanced antiviral therapies should be
used together with safe transfusions to prevent new cases of viral

hepatitis.**3

CONCLUSIONS

The advancement in the field of thalassemia management has led
to an increased life expectancy in this population but with the
concurrence of the emergence of several morbidities, including cancer.
Several studies that have focused on analyzing the risk and mechanisms
of cancer emergence in thalassemia patients have shown contradic-
tory results, except for HCC, which was collectively reported to be the

most common cancer in thalassemia and occurred at a higher incidence
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compared to the general population. The exact mechanism that under-
lies cancer development in thalassemia is still not well established
despite many potential hypotheses. However, routine cancer screening
should be implemented to permit early detection and management of
malignancies based on additional large studies from international reg-
istries that are needed for a better understanding of this complicated
morbidity.
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